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Laser fusion measurement for a single grain of phenocryst or of in-situ measurement of less-
abundant minerals found on thin sections is established for K-Ar dating method. For such kind
of samples, Ar-Ar dating is applied widely to obtain radiometric ages because the Ar-Ar method
is independent of the site difference between K and Ar in the specimen. However, Ar-Ar dating
raises at least two difficulties: 1) the method requires a control area to treat radioactive samples
that were irradiated with neutrons in a nuclear reactor before the analysis to produce *Ar from
¥K; 2) quantities of nuclides produced by irradiation mask information about the original iso-
tope ratios in rock and mineral samples. Consequently, detailed correction using the initial no-
ble gas isotope ratio is inapplicable, which poses a serious problem, especially for recent samples
or samples with low K concentrations, which are expected to include minute amounts of radio-
genic Ar. In these cases, large uncertainty is brought to ages useless by the masking of the origi-
nal isotope ratio. Herein, we report an un-irradiated and un-spiked laser fusion K-Ar dating
method, with which we can analyze both Ar and K for the identical grains or positions on a thin
section. This is mainly attributable to the following protocols: 1) K measurement following/after
laser fusion Ar measurement applied to the retrieved single mineral grain itself; and 2) in-situ
laser fusion Ar measurement applying to the epoxy resin mounted grain, where its K-content
measured using EPMA. This method is expected to enable acquisition of precise radiometric
ages of young lavas or of low K samples having a low “Ar/**Ar ratio.

Key words: Laser fusion, K-Ar dating, in-situ analysis, single grain analysis, un-spiked, un-
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Fig.1 Schematic diagram of laser fusion K-Ar dating appara-
tus with an optical fiber laser. The laser beam was in-
troduced from laser oscillation apparatus to optical mi-
croscopic condensation lens, and the condensed beam
was led into the sample in laser chamber through view-

port.
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Fig. 2 Schematic diagram of the fiber laser gas extraction line and noble gas analysis

system in Kochi Core Center.

Table 1a Cold blank of Laser fusion K-Ar analysis system.

sample baking time YAr error PArAr error BAr CAr etror
(day)  (10%ceSTP)  (l9) (lo) (16)
cold blank @ 2 70 2 334 1 0.187 0.001
cold blank @ 2 47 2 357 5 0.189 0.002
cold blank 5 1.00 0.08 314 3 0.186 0.016
cold blank 5 0.88 0.08 305 1 0.195 0.008

@; The values were calculated with the first series sensitivity in Table 1b.
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I, B ) X EHRTHMED-D, FE_IY—-X
vy MEMBERE D 7-®, TablelailF &
720 7T v 7 WEOFICIE, B (80°C TIKEM) &K
BT v YN—DBEXIN L 2T TV B, &RojllE
R DR WEESE 5 72720, KRABFHIEHED 7 5
YOMERITE LR o7 22T, 7TV I HADE
% bR OEE %2 A 5720 DR E%2~3H
BEITolo B3V —ADT Iy 73 TN
Fx NP LEBRGTEEEITOETARE LT
“APIZ DWW T, 4~T7 X 10 2ceSTP (STP: standard tem-
perature and pressure) Hit2Th I ) B hrolz
A, HOBEE L2 T o 7208, 2B RELE L
720D, TR RS dholz, FMRILOZES)

1 °Ar/°Ar IZD W TE% R, ®Ar/Ar lbicow T
BUAEE L otz T2, —HEBIHBEEHL2#Y K
LY —XD 75 > 71, 1x10 “ccSTP Hi#
T2~5%REDOEBICE T Y, FMARLICELT
3 YAr/SAr T O W T2~3% L B, SAr/fAr L2 D
WC2~3%RREDEH L oz TNEDOETITS
Mtz ll &z, ERICEREREBICHVTVS T F
7 DEFRIAEOWEFIZHWMEL 72 DTH 5,
7T I HREOZT BRI 5 7290121,
Renne et al. (1997), K#EIZA (20000 O X9 i
—MWEHBVIETWMEZT LTIy 7 2MEL, ZH)
5T TVOMERICERICEETND &
s h s Lk E, 795 v 27 MO RR I
ZALZ B LML CHEET 52 EAEE L, L
L2350, SATICHE Lz E L RARGRTH 55
Ma7t sy —oOFMEBEIC X RN KD D5
DT, HAMHAEE R O BEE 2 ATV P 5 R R A -
AL E L 2 L EMATRETHLEEZ TV D,
AERLE A 51050 THETF v N -2 RS
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FS oy FLE, BIIANY T AEOBRNHHN A2
THEEFT->TBY, 7T yHEZTOBEITIL,
ANY T LAFOBENT AR T 5. 20Kk, TVI Y
HEOHBBORKRECHAAZ, Fxa—Vv1ov 7%
B CTHAEE L 22 RICHEZ 1T > T b,

FE8L L 723800 2 O T, SRS e 1o v
F 4 ¥ TORM o7 GVI AL GVI 5400HE i 77 A H
BONEIE AW, B 7Yy —0RBEIEKE
THEEEHCA A+ VRIS X 2 E W RET H
bho NI THL Y NEL0OUAIZLTWSEZ EIZE
HEEORMDMHEIN LD, L0 RVWETOH
ENURES R B0 T OEEIIMNE 228 (HF :
775 F—Hy IBLXOEM: TRETFHEEE) HW
LIETIEWHFAFIv I LY IRBTWDE,
Miyakawa et al. (2007) 2SR L Tw5 X512, B
W PR D & BEFE D BIFIC & o TRMAR L A5 EE % 25T
BICT A2 ICb 2 b, ZRIZDOWTIE, KA
AR X 2 HE 2 05 T v B S 3T o TR AT
T TR Lz, F72, ERMWEQOHIMF, +T v
THLVY VOEBIZLDZEEEHBLI Y —2A< 7
Ay FORBIZFEAHIE LTITb o7, “Ar i3 HF
THEL, *Ar E*Ar EM CTHZELTE Y, L
7 5 —QRKELI, “Ar(EM)/“Ar(HF) k& LTZ
NZENPEL, FMVARLOFEICHWZ, aLy ¥ —
ORKEIL, 1~27r AOMOE NN TOEH I
Wiy 7 £, “Ar(HF)FfAr (EM) FOZEEIZ2%,
BAr(EM)/Ar (EM) Hi32% DOFFHNTH - 72,

B 2 M E S X Table1b I2F & D72 HF O
HIRIEPUEIZ10"Q TH 5o KEOL BN, HWEICH
bB1~25 ADHWHIM TIZ2~5%RE L % > Tw

Table 1b The sensitivity of laser fusion K-Ar
analysis system.

sensitivity error sensitivity

(107ccSTP/V)  (I6) (107 A/Torr)
first series OAr 1.05 0.20 3
first series  Ar 1.13 0.21 3
second series 0 4y 0.31 0.11 10
second series  *’Ar 0.14 0.07 21
second series  “°Ar 0.14 0.07 21

The value written in italic letters were not applied
for further calculation (see text).

el i I | L2

%o CTOREEL, WEAMREEREZH, ol
REJRCAT ®IZ X o T, BHERG O D R LHER R %
RIELTRDZBDTH S, B, BEERRKT VT
¥ 7 OBENEE O R LR AR P 2 1 A E KA
EERCEMEINS KA Z IV CERILL TR L
TWwb, REEEREOLIH IC4mHE L7234 050
WHEDZEEIZDOWTIE, “Ar BI2owTiE, 1313
£ (1~2%%#) THH, FHMAKRLIZOVWTIE, “Ar
[ Ar [ 22% DN OE BT, PAr/f°Ar kO L # 1~
2%V DEFTINE > TWb, H 2 — XA
AR E SR LB, ) — XX ks
ZFLk L7225 (Table 1b; #H7k), SURHIIEIZ A % i
WCEEL, £33 ) —X0KEE L TR L 72l T%
FE L7720, BRHEGE - RAEI ORI OFHRIAEH
LTV,

4. B E FIE

4.1 B—WFTORE

OrHEL R EIC oW TIE, LY —R#ETT
VI VEEERT B E, F—kKTTH) Y LER
179 FMa % A A 720

B T-O7 NI VI - T, REHEARTIC
TVEFIZBRE (X bF—FL FEUMX2, T
FRAE0.1 ug) CTHMRAEBOEER % —REICHE L 72
%, V=W —RURAE T ASNEET, TIVIUNEE
To7z0 THhITVAMAERIEE, KEEICXD, /A
A L AR 5 AT 2 #E U CTAT - 72 (B, 1989,
Matsumoto et al., 1989; Matsumoto and Kobayashi,
1995), %8B, YNV M5 I 7 uRFEDOEANEN,
Table 1c D& — 2 ) — XA TI&, W OWHERIE (X
F7— 1ML P AG204, THRAE10ug) TEtEZIT-
T 5728 SORI93 B-1, 2120 W T AR s DM}
B A, MEHE L —F—I1C X R A Ry ME
100~400 um, XML > X REER10~20K%, W10~
15W, Ef~3080 MG (R KiEmkH55) T
ERE ST, BERLZ EOFBEIIOVWTIE, £
WOBY3ODT 4 NV —EMFEHL, L—F =4
IDEESHLVEIICTR L, ML R, #F
BMATHEEL, BHMa7ty ¥y —N® GVI5400E =
SHEECTT NV T OREMAEGHT 21T - 720 FHREIZDOW
Tl Sato et al. (2005a) ZH#E L CTHT- 720 IR
KOT VI VMR E W CERMBERSEL, TV
TR E Bete 720 EMREICR & EE
L2 TWBEAEIE, KAROCAr  Ar [F Ak H295.5



L — ¥ — @ K-Ar 12 X 2 g R E o B3 187
Table 1c The K-Ar age standard analysis of SORI 93 biotite.
sample weight K error  PArAr  ertor  BAr°Ar  error *Ar rad. error AC Age error jp pl}(’cd error
) At/ Ar

(mg) (Wt%) (lo) total (lo) (lo) ¢ lO"ccSTP/g) (lo) (%) (Ma) (1o) initial (lo)
First series
SORI93B-1 + 0.012 7.02 0.140 347.6 64 0.1901  0.0005 2.5 0.3 88 91 13 305.2 5.7
SORI93B-2 + 0.041 6.90 0.138 3579 22 0.1851 0.0007 2.5 0.2 8l 93 8 290.1 1.8
Second series
SORI93A-1 ** 0.0084 7.00 0.140 340.1 09 0.1912  0.0005 2.6 0.1 91 92 6 308.7 0.8
SORI93A-3 ** 0.0207 7.01 0.140 3459 1.5 0.1909  0.0005 2.57 0.14 88.9 922 5.5 307.5 1.4
SORI93A-5 ** 0.0183 7.02 0.140 339.7 24 0.1901  0.0005 2.57 0.20 898 92.2 74 305.2 2.1
SORI
Uchiumi ef af . (1989) 100 6.85 0.03 2490  0.015 91.2 0.6
SORI93
Sudo et al. (1996) 100 6.73 0.05 2.512 0.011 12.1 92.6 0.8

The fractionation corrections were applied to the age calculation. AC indicated the contribution of atmospheric contamination
to total “Ar. The values were calculated using each sensitivities in Table 1b. Potassium contents were analyzed by Zeeman

Atomic absorption analysis with graphite furnace.

+; The grains were weighed by a normal balance of which detection limit is 10 ug.
% % ; The grains were weighed by a micro-weight balance of which detection limit is 0.1 ug.

R L7238 DR D H b TR, MG L <
Who BT AREED0.5%IZ5 72 v E A TR
A E OV L &2 v, KO =2%D DRI R
WIED B 5 EM L KA DCAr/ Ar ALK 2955 TH
A (1999) DSZFDEMREICOWTHEE L TV 5 75,
AT DL AR AER T L SRR Ar &34
iz, e LRk, HUZEAE DRI A IE
FADOEMRMBEMEE L OENMEE TIIREL LD

(X1-3, 1-4%H) , 4L, Orihashiet al. (2004)
XAV T AREORCEE DR E LT E7D,
WA D KR AR 2> 5 DEEN 20 £ ) D
YA IWZOWTHMET L Twa,

H ) AHETIE, WHAFEMVARNERDOREZ—
WIOEINLDL, BT AEREIT-72, AR
BOFEICOWTER V- —HEMBZEOREZ, &
3l H OKRIECHEE L 724 (Table 1c @ SORI93 B-1,
2), MEIEEOHEVI LT I 7 uRFETRHRY
% F & L 72 (Table 1c ® SORI93 A-1, 3, 5B L ¥
Table 2) . Z D, Sato et al. (2005b) DA 7 L55
WM PEOTINZHEY, 7 =Y IV—2HTHY 7 L
TEBW &2 VER L, ¥R %0.01 ppm %*50.001 ppm
OFPRICHRER, BFCHETLL, AN#EE—<
BUR TG AT M 2 218 (Z-5010) ICTH Y 7 AR
EAWELze 2V A MEBROMERIE, 71—
A= %&#FML, class 10000027 ) — ¥ )V —AHNT
1ol K77V 7 2FHT B0, MH[LERD
UPMIEFERE, UP 7 vk, UPHEM L BHAK (3
QK) EHVTHEZZ5 - B - %, 02N i
BBHET B, M) v 7 AEDBREEINLDT,

VLI R £%0.01 ppm #* 50.001 ppm OHFH & 72 % &
I, 2mlBERFOAAERIH~ A 7075 LIk
DI LT 7T INDOH Y T AIEERIIZ
572012, Wbt T AR F 7 ANEHEOTR
TNA7T - T\, Ttayaet al. (1996) X° Sato et al.

(2005b) 2SR TWB X912, HibtT 7 AI12k %
A F ALRE D LSIZ) F7 APEEREICE Y A1) v L
DRSNS 572012, 757 LX)V
AT AREDHMLCLE ). £I T, Itayaet al.
(1996) DFERICHRENRTVDE X I IEA Y ™ A
ST BNTIEINSZRFRML WAL v, ERio
AEHAMR L2 &0 T, 7Y 7 A0HEREE, Sato
et al. (2005b) ZH#EFBHS, WEDT L —APEITL D
AR TR, BEFICE DAY T A DETALD )k
EBEBHE OB TORPRPEL L, Y 7 AME
DFRFENL, EOME D & LHIE TOFBIED S HIH R
AL LTHRED > TWwa,

ZZT, H—RHTFTOL—F—RERIC, L—H—
MBUZ L D EERMITETH S H ) 7 AWHRT 5 i
PED3d % 723, HEARARERERE 2 -l W CiERE 2 1T -
72 (Table 1c, Table2). /1 V) 7 AREOK T-HED%
VORYE—I7D N7, TR A ) 7 LG50
D7 —% (Table 1c & Table 2) 233CHkE & X T%
AN Zro TRz, B Y AORRIZ X 5
B3P Z 2 605,

4.2 $tp~ 2 FEETORAE

W~ NRABO R Y T LEE % EPMA TllE
L7z, MoHrmz L —F—ClEARFEL7 VI D
EmEAT) PR AT, T3, BRIV TATV
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Table 2 The K-Ar age results of geological age standard analyses.
: 40, 36 38, 36 40 applied
sample weight K error Ar/°Ar  error Ar/"°Ar  error Arrad. error AC Age error 40,754 error
v/ Ar
(mg) (wt%) (lo) total (1o) (Io)  (10°ceSTP/g)  (lo) (%) (Ma) (1o) initial (1o)

EB-1-1 * 0.0164 6.94 0.14 352.5 1.6 0.1929  0.0005 2.529 0.140 89.0 91.6 54 3137 1.4
EB-1-3 * 0.0330 6.95 0.14 334.9 2.4 01905 0.0005 2.532 0.241 915 91.6 89  306.6 22
EB-1 a 6.71 0.07 2.440 0.008 91.5 15
EB-1 (Ar-Ar)a2 91.6 0.5
SORI93 g 6.73 0.05 2.512 0.011 121 92.6 0.8
BERN4b-1  * 0.0144 7.93 0.16 344.5 127 0.1898  0.0005 0.524 0.148 88.4 17.0 49 3044 11.2
BERN4b-2  * 0.0195 7.87 0.16 346.2 2.8 0.1904  0.0005 0.532 0.040 88.4 17.3 16 3062 2.5
BERN4b b 7.89 0.02 0.515 0.010 14.7-20.9 16.9 0.3
BERN4b cl 7.94 0.10 0.533 17.3 0.2
HD-B1-2 * 0.0613 7.99 0.16 3414 2.0 0.1905  0.0006 0.788 0.055 89.8 25.3 22 3066 1.8
HD-BI1-3 * 0.1224 7.97 0.16 391.5 6.4 0.1893  0.0005 0.784 0.046 773 252 1.9 3028 4.9
HD-B1 €2 200-500 7.99 0.02 0.772 0.007 24.7 0.3
FC3-1 * 0.0207 7.64 0.15 3494 0.3 0.1903  0.0005 0.825 0.035 87.5 277 1.8 3057 0.3
FC3-3 * 0.0168 7.71 0.15 327.3 0.7 0.1935 0.0006 0.834 0.193 96.4 27.7 65 3157 0.7
FC3 d 0.0436 3258 0.98 0.1859  0.0004 0.815 0.013 9.1 28.1 0.5
FC3 d 0.0393 1879 0.16  0.1825  0.0003 0.836 0.013 15.7 28.9 0.5
FC3 b 8.90 0.04 0.790 0.014 11.4-16.1 275 0.5
FC3 e 8.92 0.847 34.6-48.1 28.1 1.1
FC3 f 275 0.2

AC indicated the contribution of atmospheric contamination to total “’Ar.

% ; The fractionation corrections were applied to the age calculation. Potassium contents were analyzed by Zeeman Atomic ab-
sorption analysis with graphite furnace. The grains were weighed by a micro-weight balance of which detection limit was
0.1 ug. The values were calculated with the second series sensitivity in Table 1b.

a and a2; EB-1 (JG-1) biotite in ERI, University of Tokyo (Iwata, 1997).

b; Matsumoto et al. (1989)

c1; McDougall and Harrison (1999), Flisch (1982)
¢2; McDougall and Harrison (1999)

d; Sudo (1996)

e; Uchiumi et al. (1989)

f; Uto et al. (1997)

g; Sudo et al. (1998)

A=A FOFERTHMBL, 60~1202 v ¥ 2 THiz
25005, 74y bV —FEHWTHEY
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[EIRLARH N, HET o B - (2 #E U CTT o 72,
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CLIERRLTEY, WE2 S ORI AT ADEE- b5
bbb, GHOYE, BHERED L VIEHEmO~< T >~
MR L7-8HE 7% S0 5 ot 7 2 03% <, BEEH
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1gBEFIEND AERABEZAE» S 5L THlE
HKEE L72o 60~1204 v ¥ 2 12Hi 2 72 HMA oA
LENEREAZGEL T, ThZNMNEZ AT,
ENFNORPIEEREMIT 5720, 22D T
) —F ¥ T #FTo T b,

—fmz, EAE~ 714y 75 Y)Yy ramEM
DFIRACEHEOSA RO NS0, L——Fl
% K-Ar DI IS EcE 2L E 26 Nh
%o SNFZINER O E AEFRERL & TERMED
FER VP E ) POHEZIT, F72, Wil
B 5508 L 7oA RADBRE Ar 2 5009 2
RT 5720, L@ KArikt oo Xy s
FIVRAEARHIE & 24T - 720 AR L RS %
L7280, T2 TIRLV—PF—EmIC L BN E R TR
£, IRV aFVGEERUEICELDEDE NV S
FERE LTI L Cifamnd %0

HERRAELEDLIZOWT I YRV Y g FIUVRERNE
AL A, ABLFRAGRTORET 513
# (0TO2002 PL) &, HEMEWHENEVFHERA2
#F (OTO2002PL1,2) & T, #hZFNh, 146+04
Ma, 13.1+0.4Ma, 12.8+0.5Ma &\ ) NV 7 HHE
HAERDE S N7 (Table 3)o

IRy Y aF Vi K-Ar B TONI 7 FHHREER
(OT02002 matrix) 1313.3+0.3Ma T & v, [ fir
AL TO K-Ar ERHE S & B FEREF O3V 7 4
f%12.8+0.3 Ma (Tatsumi et al., 2001) & F&7%HipH
T—H LT/ CORBOAY T AREIZBHLT
¥, Tatsumietal. (2006) THES5NLTWS X H I,
Frik 72 SD-2490 K.0=2.11%, L LEE L7 H T A
FAMKIZEDL OTO-10 K.0=1.80%D X H2H )
LBEDOEALDR D B I ENMOENT VD2, Ny
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Table 3 The single grain analyses of K-Ar age by peak height comparison method of
plagioclases in high magnesian andesite (OTO 2002), Shodo-shima.
sample weight K cror - “AAr  emor  FAyAr  ermor “Ar rad. crror AC Age crror Jéippllircd error
Ar/ At
(mg) (W%)  (lo) (lo) (la)  (1067cc8TPr)  (lo) (%) (Ma) (1) initial (19
laser fusion K-Ar age
PL-28, 60-120# +3@ plagioclasc 0.0210 0.35 002 3691 12 0.1887  0.0005 1.75 0.06 815 12.8 0.8 * 301.0 16
1.89 0.04 80.0 139 0.8 ** 2955
PL-40, 60-120# +@ plagioclase 0.0212 0.25 0.01 3372 12 01851 0.0005 1.63 013 86.0 16.8 1.6 * 290.0 11
125 0.09 87.7 129 12 ** 2955
PL-30, 60-120# +@ plagioclasc-x 0.00099 026 0.01 325 2 0.177  0.0006 42 0.3 82 42 4 266.5 2
1.7 0.2 92 17 2 wx 295.5
Conventional K-Ar age by peak height comparison methed (Yokosuka HQ, JAMSTEC).
OT0O2002 matrix groundmass 219 1.396 0.034 6103 53 01866 0.0017 7.202 0.019 50.1 13.3 03 * 2945 55
0102002 PL 1 219 0133 0.003 407.0 1.5 01863  0.0064 0.678 0.002 72.6 13.1 0.4 ** 295.5
OT02002 PI. 2 plagioclasc 250 0225 0.004 3827 39 01868  0.0019 1120 0.038 772 12.8 0.5 ** 2955
OT02002 xenocryst mixed PLL plagioclase 358 0178 0.004 3709 1.7 01863 0.0008 1.007 0.018 79.7 14.6 0.4 ** 295.5
Reference age of OTO lava (spiked method)
SD-305 (aphyric andesite)  # bulk 1.74 0.04 8.67 0.11 192 12.8 0.3
S-249 (high-Mg andesite)  # bulk 1.84 0.04 8.16 0.10 1.2 12.8 0.3
SD-812 (high-Mg andesitc)  # bulk 1.80 0.04 897 0.10 105 12.8 0.3

AC indicated the contribution of atmospheric contamination to total “’Ar. Bold ages were applied for discussion.

#; The reference age of OTO lava was analyzed by spiked method of K-Ar dating (Tatsumi et al., 2001).

+; The grain weights were calculated from approximate volume of grain and mineral density.

% ; The fractionation corrections were applied to the age calculation.

@; The values were calculated from the first series sensitivity in Table 1b.

% % Initial atmospheric Ar ratio, (“Ar/**Ar =295.5; Steiger and Jéger, 1977, *Ar/**Ar =0.1869; Nier, 1950) were assumed for

age calculation.

AR OV TRAELDORHIEEZIT-> TV 5, KRk
FHIEEIEZY B 2D —F V¥ 724772
72, T, EEHABELTOA Y T LBEERN
“RKwt%” 12 L7z & & OTO-1L MBk0RETH -
727z, AT AOMBEEIFIFER R VEHR SNz, —
F, R ERE S VHHEA 28 (OTO2002PL1,
2; F N #N13.1+0.4Ma, 12.8+05Ma) DN )L 27
R E DMEOHBT L TS, HELAFE
KT ORTET 2 Bk EHR M O EMR (0OTO 2002
PL) 1314604 Ma & 13 & % 5 T\ 72 (Table 3;
Fig.3a)o 2D X 912 HMA 7> & #efi U 72 3Bk 4 4k
EHCIE~ 7 B L 2RSS o30S, RS
PRETLHUERESD Y, TN L0BET VIV
DWEIRBEINTZ L5, RTEICERNE Z R
Al EPMATHY Y A EHEEZWEL 7286 T H
5, EWEOENE VT (PL-28) &, EWEH
HREOR T (PL-40), WAWE % &L EWHE DK
WHL T (PL-30) DFFSKT-% B A TEMRUE Z KA
725
L — ¥ — &Rl K-Ar S0 E O #5 R % Fig. 3a; b,

Table 312783, Fig. 3a [Z/R" 3 & 912, WAHIEZ
L 72¥4, PL-28, PL-40, PL-30IC L Cix, h
#h12.8+0.8 Ma, 16.8+1.1Ma, 42+4Ma & 7% 1,

PL-28D # 75 Tatsumi et al. (2001) &%, #REOH
PICT)E L2\l % 5 (Fig.8a). ¥ 7:, Fig.3b
D FERLARG HIERR & 0 BERRICEI D 7 v T > D Y455 A3
BHEFET VTS LA, BT vy ERD, Eh
FNDOPArfAr KKK DE L D20 U EBENL T W 5
Wi, MBI LWAERMEE2 T 22 LT L
Vo 22T, MARORMIERIThRITIE, PL-28,
PL-40, PL-30% 11 Zh @ 4E 14 1, 13.9+0.8 Ma,
12.9+0.8Ma, 17£2Ma LK F Y, & 512 PL-40iZ
PNV AEREFIED %L, F 72 K-Ar SER S F LR
RETORKArFREDBTFHELLEVWIIICAZS
(Table 3; Tatsumi et al., 2001)c L2 L7225, W
TNORTTHAY T AEHRIZ0.5%LTF &4 % »
L, RADO®ArfArlt 20 DFH T —% L& w2
B, PERHIEE L2 FE N E (PL-28, 12.8+0.8
Ma; PL-40, 16.8*1.1Ma) X D fELSLVH DL
Eibhb, 72721, PL-30KFI2oWTix, Hwiz
AAEREIM D20 IR T1Y/20E 472 v T,
A A 1EPAr & L T10 %ceSTP, *Ar & L T &
10 “ccSTPREEICBM XY, 77 7 LXRIVITE,
T 72, HEE SN ASBA A Ar T 0.177 TR ALK
PORELBENAEE 2o TWB, 85T, WIEHA
BV 2 5°Ar Ar Foll 2l O F B I BER 2555 5
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Fig.3a. The OTO plagioclase ages by single grain laser fusion and conventional

method. @; closed diamonds were plagioclase. <; open diamonds were pla-
gioclase xenocryst or xenocryst-rich plagioclase grains. ll; closed squares
were matrices (groundmass). The laser fusion age of PL-28 clear plagioclase
was consistent with those obtained by conventional method within the ana-
lytical uncertainty. The ages of semi-clear and un-clear plagioclase, respec-
tively, PL-40 and PL-30 grains were not consistent with the ages by conven-
tional method in banded area. The banded area was averaged age of OTO
lava flow with 68% confidence limit estimated with “t” distribution.

Ar isotope ratios and estimated initial compositions. The estimated initial
isotope composition was to lie on the calculated fractionation line (Kaneoka,
1980; 1994) that intersects the atmospheric composition (¥¢). Dashed arrows
indicated the *Ar/*°Ar shift by contribution either radiogenic ingrowths or

non-atmospheric Ar.

T, HAT, FHMEE L CHiIESE LEMRIT2Ma %
$RH9 % (Table 3; Fig. 3a)-

Kaneoka and Aramaki (1971), Kaneoka (1980),
Sumino et al. (2008) THHMIN T3 L) ITHE
A LIELIZBE T VI REINTWEDT, 4
RPeE DBIZIE, ARG BN D < A OHIE &
EHNS, P RAARIL ORI % o RITHRAX
72 X 9 12 PL-40, PL-30!% Tatsumi et al. (2001) @
ARFERL D B RELERMEE 2> TBY, HET IV
TR ECOICERPE L o TV B RENH
5o W2, PL-28122WTlE Tatsumi et al. (2001)
DAFEFERE R —BHL TV 5,

HEFW e EHZREZE 25 LTI, F—0BE»HR
WS N7z OBED SERMBEOIX SO EZHEL,
t A 2 RE LB TR 72 FER 2 R EA L
THIENTES (Fig. 3a ORHGEHEH; =23t 5

fiDle ZE, 72& 21E, HiE, 1989). —MIZ4E
RAEDOREICE L TR IERSA ZIKE L, &k
(1989) OHEXRZEH VLKL H 55, SHEIH
—DEBRE DI X B EAEOINEFEHETIE
W, W (1989) IR EN5E X9 BEROK
ERITHN TRV, 23wz, FROOERELYFZE
LCHHERHOL W EA (Table 3; 0T02002
xenocryst rich plagioclase) DEMMHICEH LT, A&
SR ZERTH D W05 (Fig. 3a O R
BAD . SHOWECBNTH, BWHESFRED
PL-40 & W E O\ PL-30i, 16.8*x1.1 Ma (fifilF
HY), 17x2Ma (#WHIER L) &% D, Tatsumi et al.
(2001) DLHEAEND12.8+0.3Ma L i34 —F+
T, FPFOTHEREDTIHEL TV,

WA Ar RIS KA O L D) b K& h
X, HE TV T CBEET SRS D b WA



L —F— B K-Ar $:42 & B B AU O B R 193

CAT/Ar FIRAREE A FEAAER S 2 2 Th B AT
[ CEIAAHN S 2 LD 575, TOREMIMORENE
IX*Ar/Ar 22 & HEE & 5 YAr/Ar LAY KR D HL
WS ORAMAETHERE FIELZVHEE %25
(Fig. 3b) o PL-308 X UF PL-4013 [ {7 fk 4555 % A %
L7z RIE 21T CTL B ARENRE KL T
"\, 22T, B PHEROFRICH WO
ARAARIL L, HWAEREZ IR L7z PL-30, PL-400 %)
AR % S TRRETT %0

K-Ar #:Cld, [—BR5CH CRRICA R S 7z ilet
i, BRETNVIT R ZRNRERE LA T VT
VHEENRZVIRD, “KFAr-PArfAr X ETT A Y
ray (BERE 2HEoCHETHILENTES
(Fig.4)o 2O XL THOBNZTAVY 70D
Y A3 A Ar/ Ar AR 2 7R §25, 2 IUZERHE
R D FENAR GBI DN O ER 2D AAZHDTH
%o “KAAr-ArfAr &, AR, RN ZRRELET)
DEEZZTIILWT AV 71 VAEREOREN W
5o L2L, SRR TAVIZay LIomTirne
IMTT AV 7 a VERORFE L 7 5 W — B THA R
ENZEIDEHAETLEDWRERTHSL (&2
i¥, Faure, 1986; Faure and Mensing, 2005), Z®
£ 9 BMEHIRCA R A E OERME ORI W S
N5H, 22 TidPL-30& PL-40AMB o b & [/ —
DOBEBECTERINTONE ) EZOFBTIZX Y HE
L, €O LTHELEBET VT OB %1790
AEBLIUVREAOBRFEROFREICH W2
Fig. 3a ORI D42 DR E M & 37X T HpLT-
FHEAEMRNZME 2 S5 KFPAr [ & “ArfAr b2 5 7
Avruarzilz (Figd). CoRFEEOT7T VI
YOVERNARIL & U CHEAM & /N T REIC X B
179 EPArAr=296.8+4.1 W LAE S B,
Z ZIZIEHEE 7V T VAR E 7z PL-30, PL-40:%
BLEITNTVDY, F—FPRHORENKENV
W, TAVIZOVIRETOREBIIKRELL Vv, Th
i, KADO7 VT VEMARL S IZARIIERZ S 2w
Mo, ERPLEDOBOIRETH 5 HERICEBITORIC
FIEAR & MRS 2 5 722 W) St &7z L
TWBEEZOLNS, 2O Ehb, JGilEL LTHED
LNBBEHEOBRIK PL-28% &) & LT, BHDM
LOBC~ 7 < OB FICAr % A BAIRFE L 76
P RWbDLHEESIN S,

—hT, HWEREZRT, PL-40L PL-30D & T
YRAr-CAr/Ar HBE R 2 51 < L, Z ORI
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Fig.4 The estimated K-Ar isochron and calculated
initial Ar ratio of all OTO lava samples. O;
open circles were all K-Ar dated samples.
The solid line was shown the estimated iso-
chron of all samples in Table 3. X; closed
squares were PL-40 and PL-30 samples. The
broken line was shown the estimated re-
gression line of PL-40 and PL-30. The dotted
square was redrawn to a macrograph, which
was shown estimated initial “Ar/*Ar ratios.
The estimated initial “*Ar/°Ar ratios calcu-
lated from these lines are 296.8 and 306.8,
respectively.

“Ar/*Ar=306.8D M % /x L, Al 5 RD 72k
DY AT/ Ar=296.8L B> T\nb, Thbb,
PL-40, PL-30: kDT EMIToEMREZEL L
TWBRHEKNELT, HTOBET VI UHFEDLN
%o S OHRTERMETIEZ O X ) /NS 2
TN T2 THHRGHEBCAr (IR & < B 2] g
WadH b, 72, Kaneoka and Aramaki (1971),
Kaneoka (1980), Sumino et al. (2008) 23&IEf
FOMF 7TV T ZIEHLTVBE LI, SHDLD
7 HRL T COREA DEMRITB O TIIEF ITEEL L
BEThDHI EDNSDND,

UEDESIZ, TAVZarh oWt EZRD B
& T (Faure, 1986; Faure and Mensing, 2005), &
BROREESERT A ENTEL, LA L, B
F7 VT ORBIZOVTOMEICIE, BRT7LVTY
LEEIFETH BT EDBL VAN Y L% EDOFH AR
IR T ARLEDLD Do o T, N T LEKEDOF
HAZ LD LN WBERRHI RS 2 o8l (>
7 Uf, WA, ARARE) 2 HWTRET 2 L8
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& %A (Lippolt and Weigel, 1988; Trull et al., 1991;

Patterson et al., 1994), REARAIEIEINY T L%

HELRTWE DD, ZhU EoBEHEIEELV,

INBIZDOVTIE, §HROEE Lizw,

55 L—YV—REKAr DERATEEEICHT
&

K-Ar SEREHHICB W, BREOMEHIR & 2 iE
D—DTH b, 21HOMWEFRIATRLZL I, £
S DWEBRAEDMEHE L2 d D & L THER OB ZE)E )
N5, BARITA (1989), mld (1989), Nagao et al.
(1996) 7= EHBEISRLTWA X H 12, HVRET
FBSHRECAr OBXD Wiz, TV T VI
WY 2D EN LY RE W, RIfZETIE, AV
DBRIEH0.5% G2 WA HWTB D, AL
DI - WE STV TV RAREARRISE O
T, BHVEREEFEREC TV T USRS 2 31
HETH D, FICKELRMEE 2> TL A0, Wl
Wo7I 7, ABTORKBEAZE, REOFH=ICH
TH#E (EEWNEL LTWAEEIIE2%ME, T’
ROBREEHETHEL TV ARG IZFHAIY 28 L
LC5%HEE) Thb, 75 v Z7HIEDEEIZONT
¥ Table la IR L72EBY, T4 - HAF (1996) @
£9 % Ar-Ar ERIINE L MR ETH Y, oW s
V—Tof] (72& 21X, Utoetal., 1997; Renne et al.,
1998; Lanphere, 2000) & KL T3, HTOTRZ
TFRZTHABOMEICOWTHELZVWEEZ 5D,

BT X 2 R AU EE SR o 2 T
i, 7V bT I REE RSB ICEERR
IEXHRICHEL, FEHEES 27— AL Cirax ik
L7zo 5HOBHIZH2-TIE, ROABERZ10
AR Oh T O AR % 3RS FEE 0500 um FE 1) 125
e TENL, FrERELNSCRY, 7TV
FRLAR DR EAEE S 10 E§ 5 720, Bk -kt
LCTNITYEA) T LOMEERIT) T & DFIBAK
ELEPENTLBbDLEZ NG, ZDIEINMEE
WCBWTHEEE2H 7228 LT, Ao/ RIZX
0, EBAB X OB HEE R BZNDH - 7205, 2235
Wziko, NOMAY)DLRVEZAHT, HEOEA
EWMY ML %ATH) TRVAMTH - 72,

BHR~ ™ v MR o%E, BUE L 725 03DE
RN o TR B T ED D, RAlR L2585 CiZT
ANE—PEEULL THoTVHEHETE S, £
72, BHRICIE L — =2 WI S 720, S
TeHBDGAEICE, ZoRBIIBBUhAEH TS L

el I i

EZ2HDTH D, fto CTRERBHZED2HD3D
ERHEEICBV T, BRSSOV TR L TX
WEHIIT L7z DB A A, ZRICHZBFROIRZ
FHLAMITCE 2 L—Y—RENlEEE L 2 Hvh
X, COREFIHITLIIENTELEEZOND,
Sumino et al. (2008) D¥&HH L 7= & P O BT A

5O F ADRINZDOWTIE, AFFECHEIRM ISR
Tl RwEizwvz, B2 SHLEO 7 2250 O
RIZEEWIB SN VwE TS WIIhe v, LaL, &
BV BRSOV TIE, PR L — W — @Rz L
A I A AP KREHRME TH o722 &, BB
ROBIIT RO HH L FIERCE S I - =3
Wz lkd/Z e rs, REBICHZONTED,
20, REBARIZEFEEIN RIS E
Zbo o T, WHERERAOMBIZHELWE ALY
TLENTEILAE, BRTYY N TAILICLS
MEIZZRWEE R D, 72720, BIRICHKT 2 A A
FIMARIEDORBICHEBELCLEIZLLH N ) B 72
W, L OARMEEEEZ SIS0, Bty T
52 LDRIELEDT, AFREOBMHAMRBIZOWTIZ
SHESITHE L ud i ok v,

Matsumoto and Kobayashi (1995) 73 YEZE IS
DWTRL7ZE I, BET DO Ar/ Ar, *Ar/*Ar [H
PARIIE KA & PEC 7 2T, Ahdh b FTRMEK
SROEERZZTHLILIZETFONENTHA ),
Pt TPAr/Ar FINARI % & 7o 9 A L ORI AL
ZOTH LA, B (1989), WA (1996) Tim L7z
HOKILOBIO X H12, Z95 LzFEMARSBIERE D
TV T v FENARRSE WEAARRE EE T 5 KILET
HHITE, FHE SN L MIEERMEIIE O ERZEED Y
T <, ®Ar/fAr FARILOREI R & B L TL
BT Lilhd, EREOREZED L2121,
BATAr FAARIL RS EE X <R, ELLFHEIT 5 S
ENUETH D,

AT ADOEEBRET MICHFRE L LTES
M, MBS GURL O HESE A S OB 2 0 K Ll
X BRRAEMK L THWAS (728 21, BRI
A, 1989; miE, 1989). it~ T, BWMAEIZS 2 E
i, MEEEOKENLE LR RE,
MADPKEL 25 2 ERFEEMNICIEETSND, 50
RATZE I BRIKTFTOH Y 7 2PWEICBNTS, Ml
EIETIEE %0.01~0.001 ppm FEEEICHE L, BepA
THFALL -2 & T, @EOKETIELHEEIC L 2K
Uy ARBOGH R #MAT A 2 & THlEARE L
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otz SO, BEOWIIZOVTIE, BEOMH
SEAEDHE R T HBWMHTE 5o

KL, EPMAJIETIX, #2040 % 0w
F DY E TR RFUED L 720, JEREDK
EL o TLEHYHMMDBH 5. 5%, HER KO
ZRET A2, 1) 2 )7 AOBBEREDRK X
MELE—2 Ny 7 7T Y FORORENRK) &
%550 GMEBLEO T CETFHRERZMDTI D IME
WXBMEFREEES, 2) AT LAEELT VA
TC3% D X MRS A U 2§l B C e RE R & & <
TEULENDHLEEZONS, kB, ) TLDEN
W EXRIT B2 01, WEiRED FET IR LR
REDOS%FEEIZINE 2 DT, Sudo et al. (1998) 12
HLTHY) T LADL WY R > THREENES % 0
ThhiE, BREOEWIIFICANE LRSI,

Dbrs, L —4—glff K-Ar SFAHE 12 B v T
i, TAT EISERT SR K DR E ARUE
WL CHEBETLLEMHMTE S, T2, RAMABTIX
A1) T AREIMERCOTIREDKE L, BERE T
AVTABTINVIT Y HLNDREIVINE S kol
SHIZHEHIHER L 2 WRAT VT ¥ DF5 2450+
SUTH 510501 EICTEE, XYBEORY
ERMEPFOND LHIRFTE 5,

5.6 FLALLEERELSDEE - ERDOKETD

AIREME L B

FHE (1993), FH8 - A3 (1996, 1999) BT
BRENTVE L), FEAIKKETIEI LD
HYSENTHEMTHY, PehrS5TKO ZHEATY
%0 o T, FIERAKTOERIUEEL TE B4
WHILE R E THREIC T 5 2 L I3 EiIC E R iR E
D—=DThkb, bL, HIURKEPLOREF THMET
REIC 24U, RIS W BR OIS 2 L IE7T
SPHETES, LLl, —BRIBEARAE, w7~
HFEOBE TNV I OHNFLEEZEZOLNLEI LS
{, Kaneoka and Aramaki (1971), Hanyu and
Kaneoka (1997), Layer and Gardner (2001),
Sumino et al. (2008) T/RENTWS X IHIZ,
BEXD LA VI V=V a ol ERRS
EDIEFICEELE SN,

AW TIRAF & LClE L 728t B A &R,
Ar-Ar EARRED X 9 IIIBEHME L e h o 727280, 2
I L7a= 7=k - KINEHIEZZ Eo A4 X+ ofE
NI TE R PR RIAARIL & L CTIRFEL T 51T
REMED D %o H 2 THEHMEETICME L2 & T, F

A% a9 % 9 2 TR & BRI TV T > D5
BEXHLCHERT AIENTEL, bHAHA, Ar-
Ar ERRAED X9 ICEEEROEHEN L 25,
BREmE#IC L2577 b—EREHRSNT, RER
KCalkZ b D% 4 MNED TV T U IRFFRRE D E %
HuiBahizca v, LarL, BHERTONEZ X

DEIHICTE DI DS, FTED X ) I8kt o
M7 RN B L HERDIES D& 1 LMk
R aRE 2 RS L, Sh - SEO 7OV I A E
Rk L LA IS BEITEL2DTIE RN E B EZ
bMb, 72, BBARERE % £ T, YK Ar-*Ar/
PAr T AV 70 I X B AR, SEWOT AV
sa VEREBTELEDETHREITAZET, ©7
T Xy MThrICREHEMOHE (TabbE
WZAETE L T - s E o R k), R R X
BDEE - A AR EELS BB O END
IWWHTE L7259, 12721 Ar-Ar EGIHISE E B2 1,
H—FBORTTI P —FEREAr-Ar7TA V7O
Mo, BRETVITVREEOX N e i#EmT A L3 T
EZVOT, B X 2ERMNEEORIRPLETDH
%o

T TIZ Ar-Ar ERHIE T L R RORAKE W S
CETERT Y EV TP LE R > TWAED (&2
X, T, 2000), KREUZEWT7 IV T ¥ FEAARRL
% FEO KIS R WA N AR O MG AL B e B 51213
HWTWh\v, o T, MHFDEPMAIIC XS Y
AN E S MERAT T NV T ¥ 50 & LI Wi,
L —H—I2 X % K-Ar ERHNE & o 75 77 A [ ARG
M EDPEBFIZITZ A %D, Sumino et al.
(2008) & 5 IZHE ST O R ARENT 2, BAaho
AEAR & A 4 A AR D 22 [ 5575 7 &~ OIS I ASH] RE &
A9, E5I21X, Sato et al. FEFEh) DX 5K
W E R ERIC L VR LZERFZWET LI &
T, WiEIZ X AEEBREBICBWTYH, BIHTH DR
W25 OHFEEC X D HADR & A FRMARHEAZE
bLkED, RN RMEOFHMATEEE 25, &
DX B A DBUNEI OB LN 72 LIZ D L
Ezbhh,

BUE, HATO Ar-Ar I E 2 HUY % { BB L
L CIEEBHE TR OEIEAHERNTYS Z &bk
WL VD ONDH 5, FT KT 5 U-He £
FBHEDOL I, V=¥ — Ar-ArERBIEZMiET 5
bOELT, L——KAr ERWESHEEE LT
e SN 5 7% 51E, WEARDBBDOMNTR2EH OB
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A Gl 22 EWRIE WIS O BT HTHH ) DN
B VAEORNELOW S PR R D50, 72,
AT ADL R CEFEORITIIL LGS DT, X
DR RSB BIC DA & 2 B Ar-Ar ERIE LS
LT, KAr ECHIE T, ZERPERIHRENDHE
RIBITIZIEZE AL TELRVWE SNTELD, v~
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