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Geological disposal of high-level radioactive waste requires not only selecting sites appropriate for the waste repository, where its
isolation ability would not be damaged by natural phenomena for several tens of thousands of years, but also rationally constructing
the disposal system depending on site-specific geological environments and their anticipated long-term variability. Recently,
elemental/isotopic compositions of underground fluids (deep groundwaters, hot/cold spring waters, brines associated with oil and
natural gas reservoirs, and so on) in Japan have been studied for evaluating the long-term stability of the geological environments of
this country. Iodine and its radioactive isotope '*’I (half-life = 15.7 million years) are included in the subjects of the study. The current
review paper provides overviews of (i) the iodine content and iodine-129/127 ratio (**°I/'*I ratio) of various materials in Earth's surface
layers, (ii) relevant sample pretreatments and measurements, and (iii) '>’I/'*’ data of the underground fluids in Japan, then gives (iv)
some interpretations of the fluid '’I/'*'I data, along with their problems and uncertainties, and (v) some implications towards
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evaluating the long-term stability of geological environments.
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AT D005 T4 e BEEFTHY (2024~
2025 FITITEABIA T E « TREE X 400~450m), %
TIREEEEHO 7 4V A~V 7 BT BT O CO
RS IERR DSARTR S VT (L REE 1349 500m) . 7eds, H
ARTUE, JRTRETE U AEsehI A (FRH
AREZR TV b= N, U REID - A LS, ol
BEii & H 7 AERIC LT, Zhid LULEUR R
& UCHIELY 3525, R0 2 0 [E Gl A bkl & mra
PREPICHIBAL T2 2 LT > TV 5.

H ARSI BB AERE K L D FICfiE L, 4 o7 1L—
NEE) KFPETL—b, 74 VBT L— b, 2—F
T FL— N, ALK L= ) ORBEEZITTNDID,
HREECKRIFENER THD. LB >, HEREN
BT AHBUSHOREIZHT->TiE, v I~DEA -
WK SOWT S S 5 BRI D XS Te g Loy o AT
W LW R RIFSTHG R AET 2 TREMESC, HigAd)
I K- TA U 2 IEBRBEO RN GRE, 77, B,
{5 & DZAR) 2 TR T2 2 LN EEL R D.
AARENOHE - HNEREE - MBI 2 5 flixh 7z

EEICERMINTEY, #AE - IREFELZIHICHhZ-
TW5. Tbh, HHROHEFEZIXC D, A0y -
HFFAE QRIRAK - #HITFK - Wik - KIRT X)) OHER{L
I HT PG E, MR, WH RO (B 203
GNSS HI) , WHEEA (Fl 2 ITHBIR B TTIE) 72 L, kx
RIFENSHAVWLNTEY, BEHETF~BEETORR
EWNOHE « #TEBREOWH « (LB, TORE
PG BT 2T TV A, FHTEE T, H
AYGOH FRARDTCHRIRE - FMERED, HEREED
WBEERC RN ZEMEOFM/MAENICEF T 5 L v 9 G
Db &, BRa 2RGEETH D NSRRI - AR ST
W5 [3-8]. LT, ZOWHEAICIEE U 129 CHEM
1,570 T4F) NEEND. FOEEIE, vy hr e XT
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7« KEEHZIC BT 2 RN A 7 — NV TOFRKRBEEI O
= FE 129 DB THY, OV TITIEFBHVE BRBL DO fiR
TG HRREMENRH 0 HTH D, ARILTH, () H
HREETOI vHEOSA - BhlE - fEER, (i) T UHE 129 O
R - A, (i) HERFRERE o 3 RBEE - 3 U F 129
MEEREICHOVWTHEHL, 512, (v) BAENOHT
TR (B T K, IRRK, TSRS A I, RE
THEAKRE) 03 TFE 129 T —FEHEN - EBEL, (v) 4
FERIRSE O MV BR B o 22 EMERTARN S 1)) T2 AR I DWW
5,

1.2 AVFROURES L UHRERETOLS M - BIfE - BIR

AR (D) FEWEE 17 RO a7 o LI sk
IN—TIZ@T DN, 7vHE (F), HFE (C), BFE (B
LI OTN—FZET D, e AT - BRSNS
< BRRICBWCHRCEAET 2 Z L I3Md TR Th 2.
I UEROHEMITFIEFTIE (20~25 C - 1 &JE) TE&BE
ROH 5 BEHTHEE ) THDHR, Bk (B I
BETHLERELCITREIA ) 1T, ZDOELL M
s (B, KFE, RFERE) LLETD. 2LTCZofk
HRIED%IZIE, ~Na sy ORETh D ILFRIER
9%, ZOX 9 RBERER - ROSHICEY, avHEr

December 2024

Giena AT L TOMHMEFETIEROICL <, HEERE
B - GBS LR EE L.

HiERFE TIE T U HEITH 87X 10 kg fAET B & RAED
LNTEY, 205 B0 68%(5.9X10'5kg) BHFEHEREY,
28% (24X10%kg) 2HEEDE, £2.6% (23X10%kg) 23
KA - BRE, 0.8 %REEE (7.0X 10 kg) 23K, 0.6 %
FEEE (5.4X10%kg) 2EvEMER (ZREHE) ICFEETH L
EZHBNTWD [9-11] (Fig. 1). WFLEHERY & HERDS O =
URGEREADED L 906%E 720, KEEMFRD Ky %
b8 D KA AERGE D 3 U RIFEREEF L TWD.
HHEREY T O 3 U RFEEPRE WEBE, 33 vESBAE
¥ (biophilic) JLETH Y, FRCHFERIE -~ 77 b
IR « ST (I D o—8ITEiicififsh ),
o DER - FRIAVEH TR DM S L TITRI IR
g (VA —) ELUTHRE - H#ER LR EEZ D
5 [12]. L7edo T, WFEHEYMOI vHED S L, 2k
D OESDAETHFEL WD EEbND. kdFo3a
URDIZE AT UHERBA A 105) & LTHEELTY
8, BISRICHEERE OKEE 100 m KEOALE) Tl
WAEMOERT, HHBRED 10y MRS T VbAoA
Fr () 12720 T =10-40 %; 105~ = 90-60 %) [13-15],
ZOTO—EiZa vk ATV (CHi) R vHEHTA () &
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Fig.1 Cross-sectional view of the Earth's surface layers (atmosphere, ocean, sediments, oceanic and continental crusts, and
upper mantle) in the fore-arc area, showing the circulation of iodine (in red), where (i) its biochemical and photochemical
reactions in the biosphere, atmosphere, and hydrosphere and (ii) its possible upward mobilization with deep fluids in the
continental crust are described. Iodine-rich brine associated with natural gas/oil fields nearby the coast may originate
from accretionary complex and/or subducting seafloor sediments. Iodine-depleted spring water, far inland from the
subduction zone, may be derived from the upper mantle where dehydration of the subducting oceanic crust occurs. About
70 % of iodine within the Earth's surface layers exists in seafloor sediments, as indicated in the lower right pie chart. The
figure and pie chart are based on [10], with many additions and alterations to the originals.
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HERFJEERIE O 2 35 129 FFSEO BN & B4

2o TR&IHEH ENS [10,11,13-20]. K&RHF T3 vHEIX
HAC TG % Tt HE 72 SRS %1% C, CHsl, I, HIO, CHala,
0 2 DEEERRAE L2, =7 VELEKRTS. K
KB HIEA~D I U ROBITIRERIL, TITHEK - BE, WM

A HEAOWRE, =T Y NRERETHA D [10,11,19].

HFR - MR BUWRE~O 2 U ROBATIZAUL - 2 - )1
ABKRHEIC LD EEZBND [21]. Fiz, KITEEZR EiC
Ko THIRF D I TRENRKK - WECHIL SRR LS
2 HiL5 [21,22].

Fxkod K51, MWERRIEITAAHET 2 3 RO T HINE
R TAET D BN, e (71—
R) AAKEEHE TICIEAATEER T, #0 EOWEHEREY
DO—H# b —kEI kA A A T < [10,11,20] (Fig. 1). Z Dtk
TRIATIBR THRIEIED @ T U 1L, RALAKEER bR
F (MR T OB REEE O CER) B X ORRK
KE & bITHFEHEREY 7> b KEtige ~F1T L, G0 H K-
IRIR KSR DEEAFA T 70 D B 2 HiLD. Table 1 11
BRx I HERR IR O 3 U RRED /RSN TOVD D, RE
DEWIELS, WS - 77 v 7 b o > WEPEHERE Y > i
Ak > FHE= R T - IR K > YEAK >R - Wk > B
K>>KIATHY, I, s (AIKE, B, )
>>KEE - B (T, Tiks, wIes, i
A, V7 =274 N, s, RELA) TH D [8,9,11-16,19-
21,23-36].

Table 1 Typical concentrations of iodine ('*’I) for various

samples from the Earth's surface environment
Todine (*27)

Sample material concentration Reference
(ppm [w/w])
Atmosphere (lower [1-20]x10-¢1s (19212324
troposphere)
Marine algae/phytoplankton 20-2,500 [9,12,23,24]
Marine sediments 2-400 [9,24,25]
Seawater 0.04-0.06 [11-16,24,25]
Rainwater 0.001-0.005 [24-26]
River and lake water 0.001-0.02 [23,24]
Deep groundwater and
. 0.05-50 [8,11,20,27-35]
spring water
Underground brine 50-200 [11,20,27-32]
Soils 0.4-55 [36]
Limestone 0.2-4 9]
Shale 0.2-6 [9]
Greywacke and sandstone 0.05-0.2 9]
Peridotite 0.01 9]
Basalt 0.005-0.02 [9]
Andesite 0.004-0.07 [9]
Granite 0.002-0.08 91
Granulite 0.01-0.02 9]
Gneiss 0.01-0.05 91
Marble 0.03 9]

12l in units of mg per m? of air, roughly equal to ppm [w/w]

WHesE - W75 2 7 b oD I R IHBE I E W
2, (1) WY O 3 Uk IRFBEEL (104~102[12,37]),
(i) BMHFMYANA A~ A (BJH - WEEIE  1.0X 102 kg /R
F [38]) B L) SMEERL TR R (77 v
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MR BRI 2 EVERHI I Z ) T

kL R0F DERS - HEHY 1 1.8 X103 kg R [39]) ZHWNT
SRR GEE: - BEltRi T2 Ete) ofkaviEr
WHET 5L 1.9X[10°~10" kg &72 0, ZHITEHEEEKD
AUFEE (7.0X10%kg: Eid) @ 0.3 % ARSI X722\ (Fig.
1 OM YT 7 TRFERTEARVEENEN). LoT, Ml
W77 0 bt EOWEREDRL, HERERRE O
SUFRITREEE LTHD 2BIGIEIIERE ITEDTZN, WK
DUFEEHERE ) ~D = 7 FHE I B\ T KR 22 75 E 2 48
STWbEEZLBNS. UbEDZ taibd5E, HERE
BRI 2 3 vHROHEFERA 7 —/LTOEEMRHFERRIKIT,
() MR DYFRSE - W T T 2 7 b o ~DUfE - W —
(i) WHFEHERED ~DERE — (i) 7' b — MEBNIT L D Kk
HEA~OBAT — (iv) GETH T RAEF CoMmE — (v)
KRR K & U TR R R bR~ 5 — (vi)
WE~ORF L fEmO bitd.

1.3 I 9FR 1291221\ T

I U RITIE 3T EORNARN I ST DA, EEH 127
O 2 PHE—DRERNMETH Y, ZOMITE THEHER
PAETHD. 2 b DOBEERIMARO R C, BREk 129 ©
0 {3 1,570 TEORFMERTH LM (BH;
[Emax: 154.4keV], 7y #1 [39.6keV], x 1 [29-30keV]Z i
LU CLERRE 1PXe 1278 5), EOMITATHREH 60 AR
WOEHFMEIETH D, 2N b DAY RRNIEORIRTFLE
FeRIE, I ANEIE 100 %, P13 1070 %RRETH D720
IURITHEERITHENOE /) TA Y My 7 w#H Wz 5.
X o THIERFHARIZE T 2 3 ¥ R AR 121 ©
HY, HERFEBIZEBTHFOLERBFRIIRD 3 SITIFIER
EEND () REFOFE /v Xe) EFHBMOBE ;
(i) Mk -MREP O T T > (U) D B IR (i) FEE 1945
ELIBE D NFERIES) (BB O, Bt O -
). NFERIEEHT O KRZOKE RO 2T &l 100~260 kg
BRELARL LN TEY [20,27,28,40-42], #EL CT—ETH
ST ERESNTWD. —J7, ANEEEEIC L0 KEUKE
W S 72 12T O EIIPEE 2000 FRIZ1X 5,500~6,000 kg
(BETERT DK 21~60 %) IZEL, TORPITIREET 7
4=V RBIOMAET « 7 — 7 OEBRBHALERSEER /> 5 O
WHEK OWEREICE D D TH D, Zhb 2 DOFALE
WERR DS SUFPERH S 7= Bk, dbEEREE LT/ vy
= —iRERCEIIN, BED L Z A VY = —iE - JLiiE
JEDICHRR LTV D CRBTFEICIZIE & A SR L Tun7Zan)
LEZLND [404143]. BRI, REAKE Sz A5k
T 12T &Y, KRERZIESE (FEE 1945 £~1980 4F) 2° 5
23 50~150kg, AZBNEHFALBREEE > 5 A% 900 kg TR & RAH
HHITVND [20,40-46]. = D AR 121 (IR PO #
FKim, WRE, SKEEZELIIERL, TORE, Ky
OHEREEREL D D117 i NIERTEENRT &l T
EH LA, ZHICE Y NBEEIEBRT OHERKRBERE O
9127 RS Z LIRS TR e oda s, (i) MEIEHE
Y, (i) NEERAEENRTN BRI S - MR MR ORER, (i)
B DR \ERIEEIRTOER) ORIE, B X U3Y)
EFVFHEICL Y, WEETOZE OMEIF[0.5~3.0]X 10712 & #E
ESHTWD [28,47-54]. T OHEEITIE, 1883 4RIZ IR IR



ATy 7 = R

& ALIETE O R B CEREL S 107z 4 D OUEREEL D 12911771
b ([0.52,0.55,0.67, 1.4]X10712) REEN TS [50]. *
7o, AARENOHFHAE GERH K - IRIEAKCIAK) D
2L, NEEISEIOREN KA TRV EBbR 2Rk
12911277 £ 1[0.03~0.3] X 1072 FRECTdh 5 A% [8,11,20,29-35],
RO NEIRERTOM & D & —HHEL o TR Y,
THUTH IR O 121 OB THIAT 5 Z R TE
% (K 4 f@iB0) . ZUcH~T, 4 (1980~1990 4F
REARE) DOHIERFBEHELD 121271 b, KVERBE AN
1071~10710 (Je=gk > k), AARORE R 10710~
108, BARORAK (BEARCHIIK) 25 108 FLE, wmEHE—
RIS OB ST BN ERE T (2011 4 6 AFRER)
M 107~107°, iR dbiEoRIEAKH 108~10FLE (2010
F£11 H) THD [20,26,36,40,51-57]. T HREX 7aalklo
291271 thOFIPHZ R LT b DM Fig.2 ThH. BE L LT,
AALADT 4 v ¥ —A/L (B 4,049 m) TERRE L7
KT T EURED 1 YRR Y, NIEREEIOREZ LY 1950
F D 1980 A FILITT TH 100 fFi272 > T b
(R291/'271 ERIXIAE ST RV [58].

: Deep aqueous fluids in Japan (assumed to be unaffected by HNA["‘])

: Sea-surface water around the world (before HNA)

: Pacific ocean surface water (after the 1980s)

: Surface soils in Japan (after the 1980s)

: Meteoric waters in Japan (after the 1980s)

: Surface soils around FDNPPI] after its accident in 2011

: The North Sea surface water (after the 1990s, affected by NFRFI®] of UK and France)
: An assumed value in Earth’s surface environments (before HNA) : 1.5 x 10712
: Woodward Old lodine standard material : 1.5 x 10-'%

: S-Purdue standard material (Z94-0597) : 8.378 x 10-12

: S-Purdue standard material (Z94-0596) : 6.540 x 10-1!

: JAEA MUTSU#2-3 standard material : 3.245 x 10~

Oecoxte ~Nooaswn

B
2
x -I- l. <>| E“ 1 1
102 10" 107 10° 10% 107
1291/1271 ratio

[l HNA : human nuclear activities; [b] FDNPP : Fukushima Daiichi Nuclear Power Plant;
[el NFRF : nuclear fuel reprocessing facilities

S —+—e— AMS detection limit

L
-15 1'0-14 1'0-13

Fig.2 Approximate '’I/'”I ranges for several kinds of
aqueous and soil samples affected or not by human
nuclear activities (HNA) since 1945 (numbered as 1 to
7), together with (i) an assumed '°I/'?’I value of Earth's
surface environments before HNA (filled circle) and (ii)
1291/127] yalues of four standard materials applicable for
the AMS measurement (star, diamonds, and square)
[20,48,54,63-65].

2 3%k 129 AEORTNREZE

— R, PTEEIE B R TE (NAA), 75
AT T XA BSME (CP-MS), &M &0
% (TIMS), IEEEESIE (AMS) ZREBRAVWLILD
N, K x ORI Z P27 e LTHD E, NAA 28 107°
FREE, ICP-MS & TIMS 728 108 FLEE, AMS 28 10785 TH 5
[11,20,59,60]. L7223, D127 [As 10712~10"15 4 — &

—DRIRAEOWPENTE D01 AMS DA TH 5 (Fig.2).

Lo TAREITIE, AMS Z F - MERBE B 0 12911277 [

December 2024

HIE DT ORILEREZ DT 5. AMS IZX8 5 21177 L
HEAIT9120%, ETRENS 3 UFELHH L, BKIC
I mg F2E D 3 7R (AgD) L% 155 OREAENTH 5.
Z OMFBFRIT Y RN OB S BN Lo THRR L. K
HITIIRRAK, 138 - G, IR ORTUIRE LB 5.
Z ORIIRIITEEL O 2 7 RREERE LD 23, UK
HESHWBNDDIEICP-MS THD (FH{E THIHIRAMN
B HIK).

2.1 RAKE#

RERARFBHZITHEA, WA, Bk, WK EDOREK
R0, URESHETFOK - WRIRIK, K72 E O FIED B 53,
BRANTAT 5 N2 FRE O 3 v RBEWETH Y, ZOFIE
L TROEY TH D () A 02~045 pm DA
TLrT 4 VE TER () Z OEIERED SR E S
L (R0 2071 lREICEER), #Ehk CaRiE, K
b7 b AF LT =7 5 (TMAH: [(CH3)sNJTOH])
KR 2 WEIN - BB ; () T o@D 3 v# (27)
% ICP-MS THIET 5 [11,35,61]. ZOHIETHW SR
HNERERMIETHE L LTET AL (126Te, 128Te) 0B
L (18Cs) D [52-54]. FIEORER, WiBE D 3 vk
REN 1mgL ThH5E, Bl BixZ 0k 540 mL 205
1 mg O Agl LR E LN DIET RO T, TN OFEITH
U CHMRBE 2.5 ) 2175 . TRFEO 3 v RIRE
0.1 mgL L FOHE, 1 mg D Agl W EHE5121£54 L
PLEOKRERLETHY, HBENRED 2L LTHIEEN
REZ2:D. ZO LD RGE13HE mL OT&EEHT,
I97/27] LE BRI 3 U FREH KRR (Bl 20E 3 URRE =
1,000 mg/L % 0.5mL) ZHH{KE LTI - BB L (K
TOIMFENCARTTIRE - 2.4 §1), 1mg FRE D Agl ILBAE b
DRI LT ARSI Q5H) #1795 [11,35].

2.2 iF - AEYEH
Schnetger and Muramatsu (1996)IZHVE « AWK D~z
v (av#, BHE, R 7 uH#H) & ICP-MS A 4
ra< b7 4 —THET DO DRIEE (el
e & LT, BUksfiRys (Pyrohydrolysis 15) =54

quartz tube

quartiwool mixed powder of sample and V205 &LzO(g)

thin platinum wire ‘ceramic boat

pure Ho0 + TMAH ([(CHs)a] [OH]") + Na>S0s

(—4=02

iodine trap bottle

Fig.3 Combustion apparatus for iodine extraction from solid
(powder) samples; this method has recently been
applied to pretreatment of soil/organic powder samples
for the AMS 'I/'I measurement. The figure is
modified after [36,62].
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HERRJHEREL D T 7 38 129 HIEO IR & B4 - MUEBREER W2 e MERH 2 18] T

L7z (Fig.3) [62]. Muramatsuand Wedepohl (1998){% = ® T
B4, HE T MRS 5K 300 1l 05 A aeH i
L, HEkEE (EE~HE) O3 UFEOSAN - T8 % WA
B o7z [9] (Tablel Z2H8). ZALLARE, FRiCHiE - At
B> 11127 L HIE O RTALELCIEEE D & OB AR A
AVSNRTWDS [36,56]. T DOFETIE, HBkL - ByRILL-
5 - e (0.1~1 g ) S80SV
74 (V20s) LIRA L THIEWVEENL (7 v 278 (2
AN, THNEARFEFICANTERL, TOH~EEHE L kXK
KOG T A (60~80 C) ZARYH TEA L722H HEKUA
T 1,000 CITIEAT 5. ZOREHILOH% FIZITHEV A4
MEBNAR T —VERAT L. ZOHSIIEEY %
SET DAL UClix, A5 Y — VIR B RS
BIH T 20 <SEENSHD. ZO—HOFIHIZ L
D, MARREEIND 3 UEPHEEL, RETAWLR>TH
WENSHEH SN, WIEOT THE SN D, WIDEIZIT
TMAH & #ifiEg T Y o L (NaxSO3) DKIERN A - TH
D, BEOBRTIERIE>TIATEIA () FTEL72-TC
KR CREMICIHE S NS, BT, WIURD KIEIRK
NorEE S - AR LTI vE (17 REL ICP-MS T
HIE L (IS T 2.1 ficBbh), KiggFoa
F[ERNVDROEAE, P01 Ao 3 v EE R KR
ZHEAL LTEM - AL GRRTIMFEN AR : 2.4
1), BN Img BRED Agl LA LN L HIC LT
B CHBREEh L (2.5 #) 2179

2.3 REREEH

LR, KEAA, BV E#K & o i KRR R
FUBHZRT LT3 v Hh - IRERIE 1T 5 56, 22 ficb
BN AR (Pyrohydrolysis %) [9]23 H T& 528
(Table 1), FTHETIEY VR (22~26 wiw % H3PO4) 123K
BIRRET D HIEBESL STV D [51-54]. Z DY ERYAR
1EIZ £ D ATEEFINEO—F 2 LL ISR <5 @ () 12~13g D
B2 AR (51202 150 mL @ 0.16 mol/LHCI) D1 T
TWPE L, REREOR10% (12g) ZIEME - FRETD
T EITX Y, NBEFR PIEY O TREME PR 5 ; (i) 3
B WK CEBB S e L, 7 U — 2 R FNTHIBG
Wetk, A UHESRTHN: - HENT D ; (1) Z OHMREE
235 10g 24y L, MK CHES - 3008 L C LERRE
T2 (iv) 26 w/iw % H3POs 22 TlEH & S2 R8I L,
100 mL DO¥EFRIE &35 ;5 (v) EREK A 02~0.45um D A
TLr T gy (MifEgrE) RIS ; (vi) IEEEE S
Wi (B 05ml) ZoH - ARLTI vFE (17D B
% ICP-MS TRIET 5 (WEEHERIE TR 2.1 HiCBER) ;
(vil) FARREIEFARE 10 g IC&EN D I UHFERITRICK
Fug LR THY (Table 1 M ; [9,51-54]), Zanbis
N5 Agl TEBIE 0.1 mg LATFIC LR B 2200 T, IEIBIAK
2, P BER D 3 U R EHRER W23 R
J& = 1,000 mg/L % 0.5 mL) Zf{&E LT - BEL
(FRARTINFEINART IR @ 2.4 Fi), RAEMIZ 1 mg BED
Agl TR S SN 5 & 912 Lotk THEBERBRE (2.5 #)

S =

1T9.

2.4 BEFMRERRE

BERD X 512, AMS (212 21/ llliEZE T 57201
W, e D 3 TR A U CREAIC Img FRE D Agl Ik
B (AR 2550088 ENTHD. —F, REHER
DA, BB 3 URREMENGEIL, B ED
Agl tLI (B 213< 0.1 mg OWSEHAR) LovGohianz
ERBD. ZOLXIREE, () HERICL DM - TR
ECIRB ORI AR 72 5, (i) ATLEREREE N D O P15
Yt FR0F < 25, (iii) AMS IERHT 4372 1291 3
BoONRWATREERH B2 E0EN LS. 26 A2 F
WS D720, TOREHARIZ, 'PU71ABEmO 3 vHEE
AR 2B RANT 5 Z & T Agl kR &2 04 Fik%
HARTMREM AR REE VWD 2o M2 3BEmo 2
UREAKER (Tbba v REBAKER) OFRTIE
DO—HlZLLTIZAT @ (1) K[E Woodward lodine fH5m = 7
#EhEeh (Woodward Old Iodine [WOIJ : '°1/'271 kb =1.5X 107
[63] ; Fig. 2 2/) 22T A KH T2 LIZ 100 mg FFEL ;
(i) ZHZBIFEIZ 100 mL @ 1 % NaxSOs /KIFiEIC AN TR
B - iR 5 & 2 v RIREEDS 1,000 mg/L OFIAKEIK DTG
LD (FUFEITT E L TUAT).

HEHRIR OB R, 3 URRE, P17 ket hth Vs,
Cs, Rs& L, WINT %3 URHABKERORE, 3 vURE
FE, YR AR NN Ve, Co, Rek LT, fEMICHE
b Agl RO 1T A Ry & ALK Y ST
D.

Vs Cs*Rg+ Ve Cc-Re

R., = 1
M VS'CS+VC.CC (it)

FIDZBNT RsPISMIETEEEITH Y (Cs i3 ICP-MS THll
TE ;3 UERBRIC wol RV T=5E1E Re = 1.5X10714),
FEIND Ry iZiE AMS JIEMBARATE 5D T Rs WEHET
5. ERRICIE, RBRTLEER TRAET S VI Ny s S
F U v REREN Ry WEEICEETHDOT, ZNEMHEL
FETCREFHETINENDHD Q5 EHOBRIET T 74
EZS8R). 728, MINT 53 vRBEO P (Re)
LB (Vo- Co i, BB 91127 b (Rs) O TABEIFHB X
VI vHER (Vs Co) HBE L CRUNCERIR - F39&3 5.4
ENDD.

2.5 H#Egm - I RLRRE - BEISV/RE
AR oRTAE (2.1 H#i~2.3 #i) TH OB S
D AU FEOHBEEEAR A FRICBR <D RO L 5Tk
% ETREHAERFOIVREFELTIICLT, RIZIhE
LIZ U CHBEBA~B L, B%ICHO TSR L CaRRELE
MPHMIKIZET. AT ERAEE L (S 1) &
BT AN KE (CCl), ~FH v (CeH), 7 ruik
JL 2 (CHCl) & o 7= SR 3 72 130 DIRIE T 5.
M PIEO—Fl %R T2 L RO X 51275 () ikt
ICRERRTR E~F Y2 AND WAL TE, #EixkE
(272 %) ; () BBHRIRIC T L 10y BNEFE L TCW A A E T
IXZOFRMEN B DA, NaxSOs KIFHE 2 i L TR
N EEET S JI0IFET IR T END) ; (i) D EDOHE
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W (HC) 28N L CRUEHAIR & B eI Uiz tk, diagieT
FU T (NaNO2) KRR Z I L CHiRt 2 iRE4 %
GRENAEF T2 » L & Ro CLBOANTY UKD |
AFV TR ORERICEET D) ;5 (v) BERAR (TE) %
BRI LT1E, BOA~FTY U Z2ROSERHNIBT ;
(v) BBHAIE A BIRER b IO SRHCRE L, ZhICHE

UF o & NaNOx KIEIR 2N A THRET 2 (RIRDSE,

HEHATR IR D T E->TWADT, ZThN EEo~*
P AT - TRVWIRERICEET 5) 5 (vi) BREHER (T/E)
EETT, ROV UEBOSER (BOREDORE
ANEP N AL TND) TBIT S ; (vi)) 2aA~FH RN
Ao TS SERHIHKRE M Z, & 512 Na:SOs KRR
EUMLTIESET S X222y, EEOA~FI 15
T OfliK +NaSOs KIFIKICTE D s ~F P ITlad5) ;
(viil) 7K +NaxSOs 7KK (Th) ZAGELEIIE LT
B - WEEE L, M~ 3B Tch. Zo-EOF
Bz &0, BB 3 7 FED THliZK +NaxS0s KIER] 12
mtEns. EOFIETH - NaxSOs Kk GRITH]) 1%
MAEEEAKFEF b U 7 A (NaHSO3) 07 A 2 /LB g
(C6H306) DKERTRAT 2L HLAMRETH 5.

wIZ, EO XS RTFIETHE LN I v EMEKERD» S
Agl LA PRS2 O7E0, FORNS, ZOKERESD
BRZHIN L7z Al Ofa A 4 (EOEATL S0Y) ZkrE
LT sn. Zhazed s, KEORHMSDEE D
Agl LA TETLEY (LA IFRMY & L CHEREE
R AgS0: BAET B), AMS HIEICHERELZ KIFT LB X
bND. Agl LT DR MMMERR - BRETDHIELD
53, T TIEHFNEA <. I UEMEKER)?»D SO* %
MET a1, ConkisrT7nre—rr—=ZBL, 7

— F ¥ UN—NT 60~80 CT—ERRIMET AT L.

BWTZOBKEEAELEICEL, TR
(AgNO3) /KR 2 FIT T EHE Agl LB E 6N 5.
Z DIk E L HE L C BB AR R BT, MkEMZ
TR A Ve L, M OHHEL C EBAREIE TS, K
BITHFCRILEN O Agl LI Z HHETE L, B - WsiR
BT 5.

b (2.1 fi~2.3 i) OKFEEO BTALEL— A HS IR B
H—Agl IR OBMEICRW T, EBRE - 485 - J3kh
kO 1Pz Lo CTRENES BRSNS (Ny s T
FTUy RIBY) . LR - T, 3B 121927 HllE o B
PEZFRRT 2 7-0121%, 2Dy 7 75 7 RIERE P
L, RENIEMEEZMET 2LERHDH. T 2T, DU I
DEEENCIEF IRV (1074 LOL) S UREAWER T %
R C R A AR — Agl TRIEFIR (1 mg F2EE)
AT, Thebb HET 723k 2380, ZhE
MR L& Hiz AMS THIEL Ty 7 7 Z 7 K5
YR L, & SIC9REl 12127 EE 2 WIET 5.
BE7 7 o 7 SRR, SRR & R — D FEBRERER -
BEH - RETITOMERND D, FLTC, #E7T T 78
FAHT IS AVLND I UFERSHWEIL WoI( Ei: 2127
o =15X101%) TH5H. BlziE, HHERORKAKRE M
5 1 mg D Agl LB A FRRLL < 211 LA HIET 55
B, THICHHET AET T v 73R B OFERLFIE & L TH
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JELWOKE, () MKz wol 3 o SAHRKEEIR % 58 0
L, ZORERIVI UHRIREZ RERKREE RFIZLT
QIEIB XU 24Hi5M), (ii)02~045um DAL T LV
74 vZ THRE L (2.1 i), (i) ARt - Agl Tk
WAL 2 KIRAKFEL L [ CFIECRFFICITY 28 Th 5.
BONEET 7 v 7R B0 21T o AMS HIEE %
Rey &L, ZHUTHWE=3 oREAWED 21171 b (BE
M) % Rpr & THUE, Nv T T T2 KI5 Reko 1TIRAT
Pl CE 5.

Rpke = RpLm — Rpy, (*2)
IOy 7Ty RIBYENFEEEIO 1P RIEELS
BATWBITTRDT, 1 D Ry % (Ru— Rexe)\ B X2
ix, 22 CRE SN2 IR P (Rs) 133y 7
7T 0y RIGYEMIE LIRS, ek, fRGMENL
WAFIEEEH L TOZRWEATI(RY — Rexe) = Rs ThH D.

3 MMEREEMNEE (AMS) 12&5 2171 ELAIE

AMS 12 X5 P17 LhllE TRV B AR (AgD)
IR FEIERR (2 & > TR 5 F, JIERELD 117127 thooF 48
IS CTEX T2 Enb 5. FlZiE, H
ARSI IR RS - SRR v # — - IERE &
AT E (JAEA-AMS-TONO) T JAEA-MUTSU#2-3
(1291/1271=[3.245 £0.026] X 10711) &\ 9 EHESLELDS, B
RFH T LML E (MALT) TIE S-Purdue
794—0597 (121/'771=8.378 X 107'2) 33 J U} S-Purdue Z94-0596
(111771 = 6.3565X 107" ; BIAEIE 6.540 X 107 {[ZHET) &
I AR SO BTV D [63-65]. Z D & 5 2k}
Z VT, 2.5 Hi G L 7= SEateks L OMRIET 7 o o ik
(Agl JLIE) O P A RIES 2 D10, FOFIHO—
BUIRD X 912705 « (1) £EHERCR), 3L, BET 707
B OFK 2 IZX LT, @mMiE=47 (Nb) MEREMZ TR
G- BB T D (Agl: Nb DIRGEREIIZ1:4~5 L35
FRE L BET T v 7 REORE, BEREILEND Agl ik
P& 1 mg BE THIUE, ZOmLE 12 4~5mg O Nb ¥R
EIMZ TANRF 27 TRE - WHELT D) ; (i) &% DIRE
B EESNC Y — 8 (T =0 ARE 3oy
FAREGEAR  BmES Tmm, ME3mm BLOSmm) OHE
AN Imm, X Smm) IZJEA - BET S ; (i) 20
LORY— RERA— (7L =7 AR OINEIN
UM MIRRBLAT L7200 IZ3ET 5 5 (iv) 2OKRA —L %
AMS OFE B - A A PRI L, mEEIC L%,
LT LA AL (Csh) EBE A DIV — ROFREREIZEIR
N - WHESETCTIEGIEHL, ZnEX T LINERE
BEONTICEAL T & P ERIET S ; (v) iR
Hi - BRRENLRIEROBRBILESR N EY, Zhz
b L ICERBB L OEMET S o 7 MBI OREENEHND.
BAET T 2 7 30 127 BLEE (Reoay) %202 IR
LAy 757 RIEY Rexe it L, Tha FZ55klo
12911271 LLJERE (Rv) IS D (Rv— Reke) . FHARESIN
FENARAIREZ A LTV 5354, 201 O % (Rv— Rake)
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T E 2 T EREL D 1211271 b (Re) MEFTE D,
WHL T RWIEE IRy — Reke) = Rs £ 725

FERL D P L (Rs) DRAZEIZOWTIE, RsDFHE T
AW AL ) BREZ 2T ER ST TR 5. BRI
FN R IREZEA L7Ge (18X 02), HMaillE
ETH 2 Ru, Rom, CsITIZHATERRRZENED —T5, T O
OEIEE D RAEDIZ E A LI1E, ATLBRRIE 2 8 8) Dis
WATZIE, EHTEBEE C/hEL 2D, BEFMmEN
v 7 7T RIEYEHIC WOl % 534, Re= Re =
L5X10¥ TH DN, ZOMEIIEE04X 1074 ROLEEHLE
IHREMER B H DT (1 NEIOAREEMICERE T 5 &R
bid), Thb Rs DIRZEFEIME S &b Ltz
D WOI @ P12 b 1.5X 1074 %, MALT 1238\ T S-
Purdue Z94-0597 Z HWTHEONTMETH D [63]. F7-,
MALT TO 29[/'27] (LHIEICH VT, JAEA-MUTSU#2-3 (n
=3) % S-Purdue Z94-0597 % A\ CHIE L 7= # &,
[3.276 £0.030] X 1071 & WS EAF/HNA, Tk Bt
PE ([3.245+0.026] X 107") ORNCHEZEIL RV [66].

4 BAFEAOMTRED P11 EHT—4 & TOBR

TR ETITALHEE D S MBI E D HARERN O 2 228557
T, VEEHITK - IRRK, WOKAERIRE N, I URBER
T AR ESN TS, ZhHDF—Z DIFIEAE
TH 1 OOIZT vy b L7=D2 Fig.4 TH D [8,20,29-35]

R, THER, SKE EFROT—X0Laffxic
LCHd). ZORDE I, HEhc 21270 b, #fic =
UEBEOWE (1/17) 2LV, Wiflé ICH AR TE
BT 50NEFNC/>TWD., ZhaR5E, I UHERE
1359 0.05~200 ppm, 'PI/'2771 E£1349[0.03~6.0]X 10712 D
FNICHD. T—Z T 22 fHCTH DA, B oW
1%, JbHEE : 35, BKEIE 10, HHRIR 42, EEIR S,
W s, By ER 2, FEER 43, HRER 4, B S,
BBV 1, FnERLUR 3, R 10, BHIR 1, RER
7, BRI 03, RAPIR 12, EMRIR 24, FEVEEIR o1, o
MBI .3 Ch D, duifEE, TR, FrBR, THER, Sk
DOF —Z BB S VR, Zh S OBk FERIC
KEEEAT AMLHANRGFAELTEY, Zhb & HFET 50

il

33

Mixing zone with

Mixing zone with

anthropogenic meteoric water anthropogenic seawater
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Tsuwano = . =
Yubari, Hokkaido—» + ¢ : Miyazaki pref. 180
Simukappu, Hokkaido— 4 Matsushiro ¢ : Nagano pref.
¢ : other sites in Japan
—— Linear least-squares regression for all of the data: 2 = 035 (p << 0.0001) —r 100
= = = Linear least-squares regression for the data of 12I/171 < 1.5 x 10-12: 12 = 0.47 (p << 0.0001)
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Fig.4 121/ vs. 1/'?7I plot of deep groundwaters (including brines associated with oil and natural-gas fields) and hot/cold
spring waters collected from various regions in Japan. The plotted data are derived from [8,20,29-35]. Vertical error bars
for the '°I/'?7I data represent 1 . Right-side vertically-long gray ellipse indicates a possible compositional range of pre-
anthropogenic seawater. Two gray areas stretching to the upper-right direction indicate mixing zones of the groundwater
composition of (**I, °I/'?7T) = (100 ppm, 0.15 x 107'?), representative of the most frequent data of Chiba and Miyazaki
prefectures, with anthropogenic meteoric water of (**’I, '*’I/'*’I) = (0.001-0.02 ppm, 10~%) (left) and anthropogenic
seawater of ("I, 121/1*7I) = (0.04-0.06 ppm, 10~''-107'%) (right). Data of Nagano prefecture have relatively lower '*°1/'*71
ratios. The four lowest '*°I/'?7I ratios are of hot-spring waters collected from Simukappu and Yubari in Hokkaido,
Matsushiro in Nagano prefecture, and Tsuwano in Shimane prefecture. Green lines drawn in the mixing zones represent
effects of fractional contamination (0.1-10 %) of the anthropogenic waters on the groundwater composition
representative of Chiba and Miyazaki prefectures. Horizontal dashed line denotes an assumed '?°I/'?’I ratio of pre-
anthropogenic Earth's surface environments (1.5 x 107'2) [48]. Linear least-squares regressions are drawn for (i) all the
data points and (ii) those of 1*°I/'*7I ratio < 1.5 x 107'%; both regression lines are statistically clearly significant (p <<
0.0001). Applying the radioactive decay formula to the 1?°I/1?7I data of < 1.5 x 1072, under the assumption of the initial
1291/127] ratio = 1.5 x 10712 [48], gives their apparent ages expressed in Ma, as shown in the right vertical axis.
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K (2 URPNERE TEMRL TVD) IZHOWTREMZR T
MERINIZZ EITED.

4.1 ANEREEIEICKSFEE LU PV RS OHE
Fig. 4 lZR LieT — % 222 fHD 9 B, 21 f#i% 211271 Head
L5X 1072 (RHOAKFERAR) L bRE, ZOHfEIX
Moran et al. (1998)3FFALT A U 4 KFEH 738 00 M ECHERE D)
OOHHFERE H L8 Ls T AJERIGERT O MERER E B
B 121127 L o HEGK e 2 T HE EAE) T D [48]. 7272
L, Z OV E i 2 FEE o281 ((0.5~3.0]X10712:
13 EIBMR) 2085 ARt ® 5 (K AMmOIK OAE M IX1E
KRTOEEWEEZRT). ZOFHEHEEM (1.5X10712) 2AEL
WERET B E, 26 21 BT — &%, NEIEE Tk
H & 21 33 EHTIRA LI FTREMEA S W2 & 2R LT
W5 Fig 4 [IZBWWT P/ b e 1/ OB %5 &,

ING22QHOT—FEENTYH, 2T —ZEZHNTH, Ml
FOMIZIIHB A2 EFBERH 5 (p<<0.0001 ; 21127 b &
3 URREOH CITAMBICZR D). T772bh, 3 vRRE
BE< (&) ZRBIEE D Mk (5<) 72 B
DR THD. ZOBERAPBNLI—RELTELLNDD
I, HUT IR IR BN DU R DR (J5YL)
EZFTWDAHEMETH S, Fig 4 1I2BWT, (3 7HRE,
129[/127] [) = (100 ppm, 0.15X 10712) f13TI12F —# Ak bE
FLTWBER, ZALOIRELTITTER L BIRROKER
YA ABDOEKDOT =X THY, S5, MEROT—X
P 3 o IR DS R RERT T D 121\ 2T b AN e/ IMEAT T
WCHYM 5. 22T, (T R, 121127 ) = (100 ppm,
0.15X1072) Z MO TRy EHEE L, T4
NERERENS OMEK 72 II KK TIHR SN HEOREE
RS o 7R S Fig. 4 10779 (B EAFRICHDS 2 20
JREFEIE & AR . 2 2 T, NERIEE % DK & RAKD
(2 U HRPREE, P11 EL) & Zi €L (0.04~0.06 ppm, 107!
~10719) & (0.001~0.02 ppm, 107%) & L7= (1.3 #i& Table
1 Z28M). RAKOEAITL 0.1 %DOEARES (54 M
TR TP EE 1L0X1I0 M ETERLTLES. — 4,
WK DAL 10 %O ERESG (F4Y) MHEE 5 L& 121727
i 1.0X10712~1.0X 107 £ T LR35, 2 SDOKAGE
WCEeE - AR ORI, MBIk & RAKDIN I OB %521
TG LR TE DS, TEREERREOT —XIZBLT

3 RIS 100 ppm K5 DT — X DO RKEIINT 26 DJR
A E TR RER ORI 5. Thebh, HTFRERD
sy (HEE) EZEBRLS 7 — 2 ORI LI OTE
BCHBAT o LN TE L. AuEE, FKEIER, HEROT
—ZIZBLTH, Fig.d TIEIRL TRV, Bk L)
RO (20 FR B DN R AT 72 1291271 B S e/ M
FHEWC T — 2 BINET 507 2RETDH LN T, i
R FHE A BRS 7 — 2 ORI I N AR OTEYL CHEA T
DT ERTED (R & NERIEE R OWEK - KKk D
RE &Y, THER - BIRROEE & KIKFE Tl
23 nbh, AEFCHOD 2 o0fEk) . BAREND
HAM - WA (bifE, BREE, BER, TR, HRR
RE) IR LTEY, IR B T
& (k) 132070 &b NEREEBIR DMK OB %
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FTWATREM NS B, Bk & 51, NERIE#I%OR
KIZDUWNTIE 0.1 %DIR AT b M F iR o> 12911271 bl By
W7o B AT T DS, & O 7B &R 2 OI3IEH
WZEEL W h LivZeu, HFyRIRIS k32 AR Eh % O
WK « RAKOIEYOF ML FAMT DL MY F UL CH:
A 12.32 4F) OO AE DN D L [8,33].

NEIEERTOWEK « KADBALEHETYH, T
o P BB L0 URREIIEEREEEZITS.
Fig. 4 OASOIREAK ML, ANERIEERTOWK 211271 b
—1/"71 MR DB FTREMERIR & /R 28, Z oK & M TR
RO SY % A TR & DIREIC K DA b A2 3R
T ORI RREBGO—HIE LTI, () & 2HER
23 U RIZEATTEHED ST BB ~REE S, i)
AUT-MTRR (RS - HefEY & 77) SR E —
TEWIRERRF LR (B 203 3~4 T H4E), 0 P12t
DTS TR IS LT21%, (i) Z DOPASRMT S 2
DOHIFAEB TR S, AFERISEIRTOWE K DR L -
TIERENZHBE, (v) ZOMTHARD 12201271 H—1/121 1
B DML D EFLIRGERA~ET 52 L1275 ([
FROBASHR D EEIAE LG G, 15ROEA VTG L TR
BN THECT ). b LHEKD P12 LS RE E 721X
FIE—ETHo D, ZORAMEg Fig. 4 CI3AHE L
MOz d. ko L 2RAET 5 L, Fig. 4 DM TIRET
—& (P27 ek 1/ AR BB S D) D£<
n, NEEILERI% OWKSLSRAKIZL D208 (5 %2
BIZZT T D AREERE W EB LN,

EFROF—& (IGRRA : 7, FEHEIERK : 1{H)
IO KRZEEH DT — 4 & T G2 P12 KL,
I UERE B (0.5~10ppm F2E) TH D Z L2 D (Fig.
4), HAM -« MEICEE Bk & ide < BRI - pRIK &R
SHITFFATH D EBbhs. £, BRSO 60
~70 km DILUFBIERICALE L TWAH 728 (BEEITRARIER A
350 m, MEMEIRIRAY 750 m), el &b, NHEBEEIEZO
WAKIZ L BIERI VW E B, dWHEDT —% Th,
WEED T ieiiE & 12127 LMK 7 A R 5 5.
Fig. 4 lZ8 VT 2" LR BV 4 DOT—X D H b,
1 DIFRIERK, 2 DIZAEE D S5 & A 3ROEIRAK G
FENBZNENR 50 km &K 70 km, FEEIZENZIL 400
m & 270m), 755 1 DILEARROHFNE OWRAK GEFED
B 25km ; HEEIL 160m) TH DY, b OE - ALK
LTV A LavZeu,

Fig. 4 IR LT — ¥ DB IR S HEE CTE 2 01T
JeEiE, FRAE, FER, TR, BRI T, WS
B, KR, BHE, KOoRCTHD (Fig.s5). 728, duiEE
OFT —HZIZBWT, HE & VEOT —Z FFI5M 72 1291127
-1/ JHR R R 728, SRR HEE IV TR,
BUROOLE, THEER, =R, FEER, KHEORSY
AV« BELTWAZEThHY, ZhLIIETHE
WD RIKH AH « MBI DK - IBRAKDOHEDTH
%, THER &SR RIERTIME, BRI &R R R
YL, Z RT3 ki C i 2R B OB - SRR 23 )
RVRRDL. D 4 RO IR LT, JiE &
EBREOMWMESBERIIARICRE 2> TEY (LK
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Fig.5 Inferred 12°1/'¥I-1/'*1 endmembers of deep
groundwaters (including brines associated with oil
and/or natural-gas fields) and hot/cold spring waters
collected from several regions in Japan, shown as
colored ellipses/circles [8,20,29-34]. Upper-right
vertically-long gray ellipse indicates a possible
compositional range of pre-anthropogenic seawater.
Horizontal dashed line denotes an assumed '1/'*7I
ratio of pre-anthropogenic Earth's surface
environments (1.5 x 10712) [48]. As indicated in the right
vertical axis, the 1°I/'?] ratio is converted to apparent
age (expressed in Ma) using the radioactive decay
formula of I, under the assumption of the initial
1297/127] ratio = 1.5 x 107'2 [48]. The dashed-line ellipses
of Oita and Nagano prefectures may not correctly
represent their endmembers, because two thirds of the
Oita data points are > 1.5 x 1072 and thus excluded
from consideration, with the remaining data points
adopted (n = 4) being scattered, and because the
Nagano data points (n = 8) are also scattered. As
indicated in purple circles, the endmembers for Chiba,
Miyazaki, Niigata and Akita prefectures are similar;
interestingly, all these endmembers correspond to
brines associated with coastal oil and/or natural-gas
fields, and these prefectures are far distant from each
other, except for adjacent Niigata and AKita prefectures
located on the back-arc side of Japan; in contrast,
Chiba and Miyazaki prefectures are on the fore-arc
side. The Hokkaido endmember lies in the mixing zone
between the Nagano and Chiba/Miyazaki endmembers,
drawn as green lines. The two data points of Yubari and
Simukappu hot springs in Hokkaido are outliers from
its regional endmember.

11271 b)), HUTARORIR « IR R D 2 & AR
5. 723, Fig. 4 TRLEEY, EFROFT—2HIL 8 T
HOUBEER R SN2 LD, ZOHEE Rtk
REL 2D (RREEMENSKE : Fig. 5). BERE - KR
DURAATEBIY, TS B2 Rom R (Rl o%F
HHT KT —ZICEESNWTE Y, Zhvd L5 4 Bospsy
TEM S HEICHR A D, D1 B LI A 2R R
DAV, ROy B DS oy s, fth o> HUB oD S il oy LR
PO LNICEEN TR Y, 3 URRBEMES, 2171 A
BN En D, NG 1T OB LT D, EEE,
KOBOT—% (n=12) O 3430 2 1% 211271 [h3 1.5X
1072 X0 K&, 2SO T—% (n=4) % Tk

SRR AEHEE L2728, ZHUTIEDR Y OFRMEFEEDE-
TWa.

4.2 I EKOBEA - MER - BR

HTF B D 1291127] b & bR op 1291127 LS EAE (1.5
X 10712 0 BURERIZR T 2WHIMEITAEY) 06, Koz
DR (121 OEEETEE =441X103yr ") AV THET A
DEREHET L2 LN TED (Fig. 4 8L W Fig. 5 Of
). LosL7eddn, ZOFMRMED [EEROFER] LEZD
DN TH D, TOHBIFKRD 3 DTHD : (1) JLOH
RS IR JBER L O FRBES AL CLIRE, D L a vk
(2B U CEHBHR DMRE L CHERF SIU T2 & 9 D3R
TH D ; (i) P o FEHEEM (W) ASEPT - 4A4R
ZHHT 1.5X102 TH o722 LITITEMO RN H 5 ;
(iii) HFHAEIBS LN EHFTL2MERITFET DY T
Y OBARESET P BAEREIN (13 HiSH), it
WD P b B AR BIES LT, Th
LOBRHIZ LY, R EERO BN LB SN HERITTR
DT OFAR] EMEROBMIELWEAS . £, ROV
HMEAIE LW EE LT BT, ()DBSERBHEE S hdic
REKOBEADIE E HGE0G) O R ZMIE L WGE,
HEINAFMRIT EBEOFEMR) Lo < b, LR
ST, —RMIKIE TARTOFER) Kb TR/IMERY &
BEZALD Z EmZ. BUT, FRZKID O WRY, Zokk
IMER A B TR 50 NPTEN) KBTS (Fig
4 3 X WVFig. 5 AR Lz PHERITR/IMERTH ).
Fig. 4 128\ T, P/ T — & O 90 %IiE 1.5X 107124
WTHY, ZOH/MEX0.033X 10712 (bl - SEOER
K)ThD. ZORMMENPSFEREZFHHET D & 86.5Ma(Ma:
BJ4E) LB A, b L P PR EE (IEE) 28
[0.5~3.0]1 X 10712 D#EPHZ FF LA, SR SN EMIT 61.6
Ma~102 Ma O#iPH & F>. EREGHDOE (7T B
AYZHEIR 101 D) ([2oWTIE, TR, HriEE, kM
O « BRI LT, 40~50Ma OFEHFE (Fig. 5
ZM) T5~10Ma (IET 2 L H< D) LRELHND
[29,31]. Z Z CHFREd & ix 21 EROEARRTH 5.
PASH R MR IV TWAUITHE T IR D 1211271 FridiRgfe] & &
HITHWD L TP LAY, HDREIZENT, ko 121 &Eo
26, U7 ERBESZEIR 1 A E o 5 EIG R/
%, ZOREEIZe D & PLAEROBAIZIEF ICEE LV (5
RAEDORFEFEEDRIEFICRE 2 D). £z, 3kl 21127
S AMS ORI (10715 : Fig. 2 B1R) I WA S 12T
EROBAITHE L. 20 2 8EH T P HER OB AR
ZRES 5 L RIE90~100Ma £TE2RD [27-29,67].
HTFHAD 1P £R0F, T OREKEIRET 58 - 5k
DHERL D EALNTHNZ ER8EL Bl21F, T
W, CEIIR, HHER, AKHROEK, JbiEE - EO T
7K), & OFRHAENRTEIL 20~50Ma F2E TH D [20,29-31,34].
TR (BT A M) Ok D 2T ER T 44~56Ma (A
) THBHH (Fig. 5) [20,29,32], ZNERIET 2 k)=
B ERHERETE) ORI 24~045 Ma (BETHE) ©
bB [68]. ZDX D RBERENFIEL, FNAELTREM
BT EEDS AEARE DRTREMFTH D TPASR] MR
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RN T L ERIBLTCWA. ZOFENRFEOUAZ A
L&, MTFREFEREZFESEDIRBKEASLY 7 VH
T ROFE T T OERER L1320 5720, —F, &b
AP TR L BE i chH D, BlxIE Fig |
TRT LI, T UE - AR O SO EHERI 23
PEHF (FL— ) L& bICRBEIFRICIEAAT &, 2
OHFREHO—E (B k20, %o o—# (F
JE) 1IREETIZIERAIAT B X BID. BB DOILHRAFIC
ONTHE, B~ MVIZET DHE &£ 5 TRVLEEN
EBEZ LD, WEICBW MY ORI iR T &
RALKSR Lok (3 U RIRE) ORAWREDNAERL, £
NHHEOZTER LT, X0EVEROHE - SR (5]
ZATFIMED IR S V7o BIEHERTE) & CRIE L7
B, KRBT AH - HEZEDBKIC D &0 5 IBERRE
265 [2029-31]. ZDHE, LAEORERKFIZAAINE
&, hBADHEREM D 2 > TH Y, WHN S OFENREE
TAHHWREM b H D, 51T, RHRICELRRSe, RH&R
BToavRBA BTV T BREESRER 1 DR
A) b PIEMRICEET S, ZOWE EREORBIZRY R
TUVHERSE & LIRS Z 2 5D, TH
B (BT AH) OETFTIEZ 4V ELMEAT T (~50
Ma[69]) &K FHEAT 7 (~130Ma[70]) AIEAHIAATE
D RIERBREOHE LIZH D), BREBFEOE N TIXT ¢
VLA T T (25~30Ma[71]) PIEAIAATEY, @5
B« KRB EOBE T~y "My Y =y O TC,
DO FTREFEAT T (~130 Ma [70]) DIEHAATND
[72-77]. ZD X H 72 AT 7/~ hIVHERL - AR ORI D
EWR EROAREEERICHELLT, THER, SiKE,
mER, KRR OMTIARD 290 E£R1T L BTWE (44
~48Ma CHEAIZER S : Fig.5). &5i2, Lo (A
MR T O FAD FA-BEME « Fig. 1) AEH TE 2V
RO B - K D B oDl AR 0D 121 44X (40~55 Ma : Fig.
5) AEHMAIO L0 LIFIEFR T THD. Zhb0FEFEE [H
B DBBOBREMER—HLCND] ¢EZHZEHT
EDN, [MNLBORKNH D &E 2D HFBPEHEICE X
%. Muramatsu etal. (2001)iZ TR (FBIH Y A H) Dfgk
D PLERD 50~55Ma THDHZ L &2RL, TG KE
A EB IS 38 o0 il S RE D Bk R0 (i) K EI RS B Blake
Ridge ® A % ' nA K L— NEHHEREHORBBRAKD 121 4
X (45~55Ma) [78,79] L KIKFRI L THHZ L& L, Zi
D O SR IT A CTWER - A5 IR IR L AR O] & B LT
O TR EHERI U7 [29]. BEST AT IR IE L AR S
1T, 555 Ma ICE R B RFBLWE « KRA~ET
2 MOz Tt SRR, 2ERHIECE L
UVRBE(L (5~8 C L5 3 X O—WRAEN G Rk M -
BETHY, ZOFRAENGHREIZITN 20 HEPPoTL
HESNTWD (iHRRFRIL[4~12]X10%kg & B
HNTHEY, ZHTBRKKDORIKRFERE 0.8X 10 kg D 5~
15 1%, BURIBEEDORIKFE R 38 X105 kg DF 11~32 %IZH
M4 2%) [80-83]. E£7=, LFLOKE DN « MR D 129 4
Rix, TN o ZIET 2HERE OFAR LY BEEL T 25~50
Ma 2l < (JRRIEH Pk L5 L H#HEE S hiz) [78,79],
AAROH FEDORERE (Eik) EHFAL TS, LLEos
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REmeT e, THER ZRE, B, AR &5
B RIRR O FRARD PAREMRIIAT, BEFrit-AAEriiE
AR R OFEBE L IZZ T TN D EI3EZ BN
AIHID. Thebb, ZORBEMAE (K 55.5Ma) TAHEL
TR KRBEOREYN I vHR L & bR P OWg RS ERE
SOAIMRICHFE &, 25 OIFEE (RALAFERLT vHE
TR DR OEK &2 BT RS ) A ASIE (K20 Ma
PABRIZ 22— T 7 KBNS 38 - TERD) O—HaM L T
W, BED 6 oM R IR 121127 LB e B RIE
LTCWDEWIRITHDH. 5T 5 &, B thaitia
LA R () 55.5Ma) Z &R & 35 3 U RO KFLHTHE
JENS, L—F 7 KPEHRO Mm% IE g 7% T HAS S D —
Hamm L (GEMEMES 25 2, aiblk - 905k Btk
HSHLTC), BAEDHAARDH THARD 1291127 Hic K& <
HEL VDLW GRTH D, TR L EIFROHBEAR
BHREH O T £ 72 138z G 4 (8 65~24 Ma)
DEELTRY (TRERITMERERE, =il ikid B i dE R
[84,85]), Z DGFROESIFIZARY 25, -, EEREXK
WA ORI T KGEHRUHE D GREER) 206 F OAITH
Y, BRI R R~ SR~ =R~ R IUSR O A
MHERS M (B S5 2,000~5,000 m) BFEELTEY, =
PUTMEFHE Wb B G A TVD LHEII SN D [86]. —75,
HriB I L R IR OB « IR AKGEHRBUME D TIk,  BES
BE -« WS & B oMU X R 27> Th7guy CGir
BRSO RITIE, #924~15Ma | & 72 B AR IE KR
WPE S KITEBIRIRD 7' ) — o & 7 LTI D ik ke IR
NELHEFELTND). & Z2AHT, ERORERICITERD LS
REREIBINT DLEN D D . BEF - LA R R LG
DIFIK & 752 o T R IL U R R D FETFRIZ- DV TN < D7
OIGRBIEBENTERY, b0 H b [EEHEEY LR
(A Z A R U— MREMECH B E) | D3 AR
J1THBHD [80,81,87-89], ZDHE, RFELEBICIUE
(@ 2127 g R EERE L v B8V ANRERIE Sz
FPTHY, ZHIC X o TYRROUER: « KR DI U HiEE
MY IZ EF/ L7=—05T P W 3BEE IS T L7 Alig
WRdHDH. ZhEEEL, Fig 5128V T 20 £ 555
Ma T 5 H FHEiAR (1291/1271=1.30 X 1073) (25 LT, 121/127]
Eo#IIfE L LT 1.5X 10712 Tl < [0.75~1.0]X 10712 %
WHT D E 191 A4R0L 39.8~463 Ma L 72D, ZOHFET
b, FFC 6 WM TIAD 21 0 E DBIfE7ZREVITAEL
20,

el & REFROM FHED 21 B4 (FiE 1L 58~75
Ma ; #% & T KK 58~85Ma : Fig.5) 122\ TIk, LR
FITHEACTERWEEbNS, AWEE L RBROBE FICiX
AT T TEBRL Y PABFELTWD [73-77]. Lo Tk
DX D IfBIRITTERWES S (Fig 1) 1 () E#~> b
NTAZT (ZRAEETE URRBEIIR : Table 1) Ot
IKBEEZ Y, (i) 2~y RAVNOKERE LIZRER, 3
7 FEPRFER L OV MRV KR T, (i) s KlE
N E EH L CHITIRIRE 72D, Z ORISR ROT
—ZITEET 50, AEEOT —% (3 URRENRE
B OBfE~BEThy, KER - FEE - THER - ZiK
FUZITWY) ([QF EFECEA LWL Y ICAZ S, dLiEED
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HFFRAEDSES, ~ v MRIEDOK & KEEHERNICITE S
WTWIZRREAE LTV D ATREMED B 5 (Fig. 1). Fig. 51
B CARMEE OuRE /oy fElk L, RBPIR O U o fEk & T2
B - B R OSGR EI DOIRGHANIE T D (R DRk
S AT L BB DOREDREFEIGIXZNLIL80~T0%&
20~30 % TH D). LoT, BEgrit-ragr R AR %
LR ST 5 3 vRIFRERNIBEOH FIZ b0/ LT b
b LiLZeu, LB ITIIMERTH - i B e i =%
YR HERE B AYIAHPR I CHUE L TR Y (B H O B & bR
<) [90-92], AR ATRENEL FJE L2V, 22 CTHRET
X%, AR ORLEABEOH Rk a vEF—% (335
&) OFEHREHLAIL 28 VAT CTH Y, ZD 5B 22 AT
B (ZEH- 16 LALSC-RESHT 1 6), 7RV D 6 2FT
WEH (RER 2 LA D) LEE BEEHE 3) Th
5. T EOWNIIE, 2em- 123, ALSC-HEFH | 6,
RS 2, WEdr 1, EEW 3 ThDd. Lo TihimED
SRR AT SR, 22 A0 Y OO U T B AR A5 < Rk L T
WA ATBEMEDS 3 % . ALHEIE O R RA 1291 454X (58~75 Ma)
W28 9 1 DOMRIL, K90MatH (BEIAHER) (&
HER B Ol & 7o R A (B /) ~=T - Fa—n
=7 ERREEDY) [93,94) CAEUTAHY - 3 vRICED
HEHERY 2 RE L T 5N T IR Sh e, 2
BB LT DA CH D, ALHRE O I &
ANTND ERE VIR (& HITZEM-= V' H#) OIRRKDE
& (EhZh 86.5 Ma & 80.0 Ma : Fig. 5) 13HFIC Z DEERE
FELEOFMRUTEV. ZOFHREDFENZ DOV TIIHE~ 7eil
DB ENTWDA, BHRE LTUL, BESEIELVE
FRFIRAEIC 72 0, MR CIRISISEMRB ISR 2GR, A
Bt (W7 2727 N8R E) BRSO F FHEET
DARBDE A T ERR N2 Z L B> TS [95]. T 748
L, ZOHEEI L o TFFEEMIEEROGHY - 3 U FER
REIZHAL L, ZD% O3 URIFEIZOWTIL, BESTIE-48
BRI D5 & FtkoRE EE T 5. il
BT A ORI B IR i LTl Y (Bl
IXZ2H- ) AT D IRR BRI A HRE T h
D, ZOFMRUIAII B IR (K 120 Ma]~ & 55 BTt
[#J 60 Ma]) [91,96], AFEIR & FJE L.

5 ERERAREEIMCETT

4 ETITAARENOH TR L T, BEWRMIED = v
FOWT —2 (P2 -1/ &AL, £I20b
BOoNDERE N DR LI, L LARRDL, Zhb
DFFITIFR E I RHEFEMD - TR Y, ZOERFERIT
WD 2DWFEL TRV EICE D : (1) HIERER T 12912
B4 2R (F] 203 191127 f oo P fiHe S E o EHEM:) B &
ONGi) HEFFRARORIR - BT 2 A, EiRoEPNHT
WAEFIEDZ S CIE, FUFREEZLHKL RLROWRE - [F
MEDRER SN TEY, ZA5OF—F RN - #%
BHNTERT D Z LIk > THIUTF iR RIE - 2809
HEW - mMANERESN-O-b S, —FT, ERTRE
D P12 bb1/271 7 — 2 THUBRAIC 3 2 D o TV DL T
72, KKK AW - B STEET 5 Mg (B 2 12T,

IR, FHEE) OBUKCERKIT I vRRENSEL, M
720 %L O P 1/ T2 R ELNTHAD (Fig.
4 L Fig. 5 #BW), TRl O% < Ok T T — ¥ Bk
IR I (B ZATRIR DS BAFAET 2 FHRE, IWER,
B RFOT =2 XT L A E/LNTHRNESI TH D). 5
BOENMTREHEOIRIZL Y, P 25Tk~ 7ot
F - FNLRT — 2 LR S hiuE, 2 OMERRERNRE
PRI 35T 2 H HPEOREN LV AfEIZ/R 5725 9.

B

AREIT, BFEEAER= RN —TEFEHE 5

5 AFRE R LoV M BE SR S 00 M ALy (2 BE 3 B BB
FHEE (HEREE W2 E MR A T B %)
(JPJ007597) | OEFEO—HTH 5. HEMplFEE L ¥ —
OFFPERE L & BB L HITPEOH S E 52 T
TEWE220 T <, ARRICKT 28 A7 EE - B IEE%
TH o, WEF, Fv o4 —olilsEst, A LrEt
FEFAEL, (LEdesE L, NIDOEE LA 5%, AR
FIGDT 7~ =7 ASLHIERIE I DO\ Tk~ el #oR 2 T8
W F£72, 3 AOBAEREDLEVWERNER - &
EERICE s TARBIZSbICEESNTZ. ZhAHE2TO
05 % OFEEIZHE Bt U R E.
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