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Though the Tono uranium deposit, central Japan, has been subjected to uplift and associated denudation since its formation at
about 10 million years ago, most of the uranium has been preserved in the deposit. Uplift and denudation might result in a change of
groundwater flow and the formation of oxidized zone in the shallow subsurface. Such changes of the geological environment would
affect the chemistry and migration behaviour of uranium. The description of long-term uranium preservation process throughout the
uplift and denudation history can contribute to enhancing the confidence in the demonstration of long-term safety of a geological
disposal system.

As part of the study on how geological phenomena affect the geological environment, the amount of uplift/subsidence and vertical
displacement rate were estimated from the presently observed strata thicknesses, in consideration of global sea-level change and
erosion during formation of unconformities.

As a result, the quantitative estimation of uplift is about 340m and was the greatest between the sedimentation of the Seto Group,
which was completed at about 1.5 million years ago, and the present. The average vertical displacement rate during this period is
estimated to have been in a range between 0.2 and 0.3mm/year.

It is pointed out that the quantitative estimate of uplift would be affected by the estimations of sea-level during the deposition and
amount of erosion during the unconformities. The accuracy of the estimated duration of the displacement affects the quantitative
estimation of the vertical displacement rate. Alternative estimates of the vertical displacement rate after the Mizunami Group
sedimentation, based on the known age data, would vary over an order of magnitude (about 10 times difference).

Keywords : Tono uranium deposit, uplift and denudation, thickness of strata, vertical displacement rate, perturbation
scenario, natural analogue
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Natural analogue study in the Tono uranium deposit - Quantitative
estimation of uplift and subsidence, and vertical displacement rate -
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Fig. 1 Geological map around the Tono uranium deposit.
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Fig. 2 Stratigraphy, description and paleo-environment of the Mizunami and Seto Groups (age data and
paleowater depth are referred to literatures [3, 5, 7]).
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Table1  Description of the Mizunami and Seto Groups
. . depositional age maximum depositional
geological unit (upper & lower ages) sea-level thickness environment depth of water
Seto Group 15 Ma -50m 70m fluvial 0Om
12.0 Ma +50m
149 M +1 2
Oidawara Formation S Ma S0m 160 m marine 00 m (upper)
15.6 Ma +60m 100 m (lower)
. +
Akeyo Formation 17.6 Ma 110m 135m marine 100 m (uppen)
18.3 Ma +130m 50 m (lower)
+
Hongo Formation 18.3 Ma 130m 70m lacustrine 10m
18.8 Ma +120m
Toki Lignite-bearing Formation 19.0 Ma +120m 140 m fluvial or lacustrine Om
19.6 Ma +100 m
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AEEAEINC BT DHIFED JA S V1L, Bk Lk
ﬁ%f%@“.Lﬁb,iﬁﬁm*%kx%*%ﬁﬁﬁﬁ
BEROEIINEL, REGOEENE, FRoRMRER
FOEERBHREZ OIS LT, /hED ol EHEE
INDHDT, T2 TIE KRR BHERHOAIFIZ L 28
JEDRFIBRE L7200,

WP BRI OV T, BEOHIFHEIZRATHD -0
Kﬁ%fﬁﬁ&@@%%%ﬁb&w.&k,ﬂ%ﬁﬁHL

March 2005
N
TH 6
TH8ONOZ-—
OO THe
Tsukiyoshi Fault
TH7
|

200 m

Fig. 3 Location map of bore holes studied

TOWF B ORRBIE T LI 0L & LR EE %
HIoHET 100m FREE & E 415 [5].

325 REICAVW:-HEDEE

Hifg ORI, HiRGL L CiThiizR—Y v 7 IMECE
B E NI HUE AR s Hskd 7=, A LI=R—Y 21T 5
LT, A&ESRAMY 2 A EWEodbflic 2 4L (TH-6 &
TH-8) & FA{AIC 3 L (TH-3~4, TH-7) 23LiE T % (Fig. 3).

A=V 7 a T #lRF TN @RI ES N T
FEOBIE A KDT- (Table 2). 723, HEWEZEAT
AEREEAHREOREICHENRED LD Z &R
HNTWA[36]. 20, BEOHEMbHI->Tix, AF
Wi AR & RN A T2 DR — Y 7L TR O T2 E
EOVHEEKTEDEIE L L= (Table2).

Table 2 2%, A HWRERAMN CIXAERRB A0 L
Zebns. i, PR E & AR E O EEIIH R
BICTELS o TS, 2D LD RifE &2 A TOHE DS
i & BEDOLEITH EWBOTEIICE L D LHEESH
THEY[36], AERBIIASHRBEMCLHERBL-LOD
FRBHEZORREIZLI>THIH SN TLE ST EH X

Table 2 Thickness of each stratigraphical units observed in the studied bore holes.
thickness (m) average thickness (m)
geological unit north of Tsukiyoshi Fault | south of Tsukiyoshi Fault
TH-6 | TH-8 | TH-3 [ TH-4 | TH-7 (TH6 & 8) (TH3.4&7)
Seto Group 43 12 26 38 37 (43) (38)
a Oidawara Formation 46 39 0 0 0 43 0
s
(O]
= Akeyo Formation 29 27 48 41 53 28 48
[+
s Hongo Formation 29 [ 28 [ 49 | 60 | 28 28 46
= Toki ngnlte.-bearlng 17 33 38 36 18 25 31
Formation
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b, I T, AEMEREANCOWTIE, AERREHE
MLIEbOD, Tofk, HIHEhZERARLT.

326 EELGM>f-T—42

AT T, REAMO NI EOES & BB L b)E
JEOWRAD & B L IhoT.

REAHOEHFmIT, R—Y > 7 OMELHLCESE
BHEOYHBEESICIVHET 2 Z LIEFRETHD. Ln
L, WHIBEOERE ZETT 5 2 LIXTE RV, Kif
FETIIRNEA M O W I O S 2 B E LRV,

R X, HEREY OB LT OB EOBINT 58
LTHY, ZNCE > THBOE ST 5. EiREEH
TILERIC L D RBIE DB O ZRFIA 72z, AAFFET
IFEREORD & B RE L 720 o7z,

33 BE-IEE0RELYKESE

BRI THE SN R =) v I h bR BET —
2 & W « (R EOHEER R % Table 31277, &
72, Fig. 4 3R ARTOERE{LEZ R LZ. 20
FERL, H SR CIIHERE S DS HERE LA TN B BEE Tl
3O LR A 7 ANROLN, MBEEEE L TX
#9150 AR & HEE SN DM EREOHERES D DB E
TOHMTHR 340m Lk b REWEHEE SN (Table 3,
Fig.4).

AR BB HERE L O ARIEA BN IE, 240~280m F2 B L
7o L REED bz, AHEWEREM O &, ik

200 Seto Group

150 ‘ '
100

50

-50

-100

altitude (m)

-150

-200

-250

- 300

- 350

-400
10

AT 40m kxS AFEL 5T\ 5 (Table 3, Figd). A
W T AR R BRSSO E B 23 A U, e AR
B MR, TEICH T 2N TR EF L
THBY, TORBEMNEITR 40~50m & STV 5[36].
SF Y, AEWEO HRICH - 5EAITIE, B EIRORK
EE L, WEORBEMETH DK 40~50m L&A L
TENPANTOREEE LTROLNTNWDZ LIZR5D.
L= T, AEkrEmil CoMERIL, A% To /g
HVENS ASWEORBEEMELZLWZRETHY,
Wrl dbAal & 16 U < 9 240m & RAES Hib.

4 BFBRERROEERE

A EHILR OV 2 FieaL 2 Tl N Fissk <k, )il & ok
ENK 40m, 30~15m, #J5m D7 bt 3 B B
A SN D, 20X ) BREKEOBRENRET L5
21, Be O AAFAR L BUHI & O @ hs B M sl 4 2K
WHIENTE B[ LavL, LIS EEEED
EREFERBAHTH Y, ZOHIEIC L > TR EE %R
5T EIFTE RN,

HEIR T, BiE TR X 912, W EREOHEFELL
BPDBEICHT TRECHEREL TS EEZOND. A
EHLR % & el BIR BRI T S AR 2 R, £
IR T & LA 2 S S AL S T B [37-38]. LI i D
FRIKNZOWCIX, HERERCH D & T 255 %[37], W@t
HEFEAR M O SEHYAE I X » CIERR S U= Ml & 38

Akey\o Hongo

Oidawara \"'\-“\. '|:oki Lignite-bearing

H I—*—H H depositional period

A Northern side of
the Tsukiyoshi Fault
Southern side of
the Tsukiyoshi Fault
15 20 25

age in million years ago

Fig. 4 Quantitative estimation of change of the basal altitude of the Mizunami Group.
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ifi O [ 7 DV & FE O M I & 95 %5 % [38] 72 L EEILA
H DN, WETIE, m i NERE R & X 5 IR
DINERBEEE SNTWDH[34]. SF D, WA EEEOHE
%, REICL > CTEHmAER IR H o722 &
Zord. LI ORI, H S8R ORGS0 T
5 BB XE S WP EREOJE R BMR, 5 L O JERE A
5 FHPERE D K-Ar RISV TR 100 FERTTH 5
EINTWB[34]. £ 2T, W BEEHERE % O 3% 100
TAERNCIE - T- L ET D &, P 1T 0.34mm/
REHAEIND.

A EIRERIC 30T 2 W5 @B OHERE TR0
150 J74ERT & HEE STV B[S IS, A SRR B sk
DN EREHERE S, W IR LA+ 5 &, Al
TRDI-FEfE (1) 340m) & Z DERENLHIEETO
ML 0.23mm/E LR E NS, BLEL Y, ARiF
ZeCRIGEE LR — U » ZHLONLE ICB W T, B B
HER LA 00 -2 P o5 B 134 0.2~0.3mmM4EFRE & AL D
od. 7ok, AARFIBSOIEE 10 THER OMLEEIZ,
H &SRR JE Tl 0.0~0.3mm/4E L S TE Y [39], AWF
22 TR L7225 100 J54E~150 J5 4E [ 00 - P e i o 7,
b EICEE—HKT 5.

5 EE
5.1 REHVEICRE*RIZTEROKRE

511 EFROREREOTE

#1490 HAERT & S D AR B IEHERT TR 5 5 49 1200 J5 4
Bl & SN DA EREHERIATOR 290 FAEOWIFIC, #
240m Pt L7= & RAES Dtz Z ORI —HRICHE L
el l, FHEEEIT 0.08mm/AEL 2D, LavL,
RICAEFRRBOREREHE, 100 HEOMICHEE Lz L ET
5&, EHREREE X 0.24mmAE L D, 0k DI, K
EHEEDORETEICH T > T, BEOBM L& T ORI OFE
REBELSKRDD ZENMETHS.

AR E OHERE TR R G O EH T 2k & %
JRAETED FT ERICHESH TS, FTERICHOW T, 3
BT KD ITHERRAEM & LT e LT 1390 7
ER/BOLNTHDR, ZhUCKT2532%E (1o) L2160
FHETHD[24]. T70bb I OFEMNMEE LTIE, 1550 H4E
MNH 1230 HTEOHOWTNNICH D LW D Z &Il b.
TIT, BEKRTRYZESEREORRBBRETH D
1200 HHERTE L, MEBMaREZAEERREOr WG s
7= FTAHEMREZMH S &, o8 L= #RE 350 7548 (1550
T4~ A F A 1200 J74F) 5 30 T4 (1230 HE~ A F
A 1200 J34E) O#PHICR D, ZOMIC 240m L L7z &
5L, ZTOMRLEEL 0.07TmmAE~08MM/AEL Y, 1
A —H =Bl DFERNEOLND.

BRI - TEREO D 012

By 981

g =1 [/7];;?1/\753\,
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Z 2 THlA KD ISP 2 AT D 55T, EAF
ROFERRELS O RERICRE B2 KT, Lo
T, WEERNEEDORHE O ERLEEDOFIEDOMAED
VHELITH) ZLICRY, BEICE LS oOBRE 2% X
AT TV BERDHD LEZBND.

5.1.2 BKELZBIDFE

WE K AEZE T SRS - (R BA S 0 IC K ORRRER S
DERETT D, TR EARHEREBR 4AIE ) S BIfE E TO
M, EKHEIIEEIES, MEKE O 0m IZdh -7 LK
ELT, Ml - IEEORML Y 21To7- (2L, B&
FEEESN TR0, LT T, ZORML 0 ERE R
BOBREEr—2] L)), AFEEIMTOZAREDL Y
B % Fig. 51RT (Mo xX)., Zhn &K ELEER &
WMEEEZZBE L F—A (BT TEARF—2] £0)) ©
W (Fig. 4 BLUFig.5 1 0Q) %+ 5 L, EED
HEE S —A) T, WiREHHER IRk e UTES
MMES BAEL B TWAD Z ERnbMn5. BiiRfEREHER
(9 1960 4RI & 1490 AR I, MEKEIZELLE X
D % 50~150m FREE -T2 & SN TWAH[30]. Lizd-
TZOZERL, FHMICIIEKERBREL Y bEN-7-2
LIZERT D EBZOND.

LIAT, AERABHRZOMERICERT S L, TH
AR —RA | TIIH 240m O L BEL SN 0lTxtL,
MRREOHRERE 7 — A | TIIH 340m OFEIE & BAEH b
7o, W —ADEWNL, BAKEEENZL > TELTND.
SF D, THEARF—2| CIIAEFERBHRER TROH K
23+150m T o 7= DITKE L, Wi T8 REHERE PR AARE O K HE
23450m G, K 100m OUFERALE T T\ D, AR RIEHERE
ETHEOKZEIZ200m L LTEY, IBEOAREEr—A |
TIEKGED 200m & HiE OEIHEI RSy (38 L ONE T i AL
BrOEE) OAFE LTH MM L- L AL 5NR5
—J7, TEARF—Z] TIX 100m SiFHERIC X550 TH
Bz, FEEENK 240m & REOHZBE T — R 1Tt
~T100m AR BES 6T D.

RN CUY, AR EHERS T, O MR 4w L7223,
(BREOHLZERr— 2] TOREERELZFHTT S L
0.1mm/AFE~LImMmMAE L 720, THEERF— ] & TR
N AONRER LD,

723, AW CHER Lok AT L, Fica—n
wRET AU BTN T D HMIE BRI — A o R EF
FHFEEAVCTETSREZLOTHH[30]. LavL, H
JE OHEFREERLEICRAEEZ ST HEME X H D720, T L7z
T2 BESE ST Y RN D AR SN T
WD HREEE T S Wiz a7 iIce N5 BBk m ok
RN DT — & 72 £ % T, Mk MEE B R O 4F
REL VPR DIZT D5, B HFEOM LANLET
H5.
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513 BEEDFE

WIZ, BEENEL - LREO REL YV ICEOBRERE
T2 ERFT 2. Bk E AR 4R D BIE £ COM,
—YDERENELT, FEEGHIZBWTHHIRIC L 2 EE
DOWLBIehr o7z, Thbb, BUEBIE SN2 BRSNS
ROMBOREILFEUTHD ERE LT, FEi - itEEo
ALV &1To7 (L, WAKEEESHIIZESNL WD
7o, UFTCIE, ZORMEL VERE EKEDOREE
—A Ewv9). AEBREIMCO AEEL VR % Figs
WRT (RPoA). Zhe TERF—2) OfR (Figd
BLOFigs F00O) ZbikT 5L, REEZBE LRV
HIIE, NEGO T (REBEECIIERE) HiEREO
R L RS ORREN NS N L8325 (Fig.5).
BAROCI, AR EHER OB Ay —2) T
1359 250m TH B DITx LT THIKEDREEr—A] T
13133m & AREL bz, 72, AEREHREGOKEE
W TR — 2] T 240m T 5 DIt LT Mgk U
DHEBr—A] TiE 125m &7, Ky —2%] T
ITAEERBHREL OAEESHICH 120m HIHEND0T
ZONIRER L FEEENLE LS DN TV D, [HEkYE
DHEEr— A N ITBIERD SN D BIE S OB BHERE LT
& DB A 7o, HEFRF O HIfE DR S 1Tk b /h & <
AL LN TWE. 2F Y NEKEORERE S —A ] TiX
Ml - s e L ChvMEZ b - T\ D 2 LIl D,
AWFZETIE, BUERD SN HBORKDOES M HER

Seto Group

March 2005

BEZABb-o7. L L, RREEDOHAIR T AREAS
WREBEZT RIS LS. 2ok, B - kREREE
L ORE L RO D201, HFRFOME DR SR &
HOELHLETHD.

52 BE-BRICKIMBEREOETE

K OB X X FICEIK AR &S B IROFBKMEICK
BLENTEY, 2055, BiKARIIHFIZR EFT 5.
LEER- T, B - BRICE > THRAE T D &, 8k
ABLOZAIT K0 T KFEENCZ LA AET, k> T
IR iR e BRI 72 E LT A RRRER H 5.
BAEOHRBEE R O T KL, K - BEERMRD B R
KEFHEZEZS5NTEBY, TOMEMMIIETHE~L T
T LHEM STV A[40]. A SHRBFET S HE T
130~150m DR TOHGHRIEEEH OHLU TN K DOFR{LIEITHE
PLITHI-360mV & HIE SN TWB[41]. Z DK D AeshigET
BREEIT, HUB R OFHY &N L7 BERSE T EIC K D e
gt & EATHE < BALSE OB L o> TR ST D
LEZOLNTHD40]. ZORISIZEDLIDHEEA A 1,
AEFRICBO T, BT < OFLHT 2R B ISET 5
Z LI L o T, MBI E T A WA ESE O L 0 &
RSN b O TH D etk f ST 5[40]. 20
720, WA BERHRE% ORI, RENEIEEAETT
BHT, BALA-CER L 72 U T KRS & TiE L TUvie
VIR IE, A HIR ORI IIREE A 4 2 AMikfE &

Akeyo Hongo

Oidawara Toki Lignite-bearing

3 8 o &

altitude (m)
a3

- 200
- 250
- 300
— (O — sea-level change + erosion
-350
—>&— only erosion
-400 - only sea-level change
-450 |
- 500 | | | | |
0 500 1000 1500 2000 2500

age in million years ago

Fig. 5 Comparison of quantitative estimations using various assumptions. Lines indicate the change of
the basal altitude of the Mizunami Group at the northern side of the Tsukiyoshi Fault.
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T, RS PO FKBHRIELF UL S ISR THIL
i, BRI A4 B DI R ITRE DT & 13 e -
TWERIEEMER & 5. F 7z, MR HERERE O T /K 23K
R ThHoTRHIC Y, BEL XR R IHEREICH - 727
b 5.

L AN, BIEDOH EHIROFERETEL TS &%
ZHNTWD, A E N UTMBBETEIC L DB ET
BOSTE, AR BHERR DR AN HBITE E Tl L T
LEEZLNTVWDA2]. S 51T, ERRERELOAER
B L AR EAREENTVDR, 2 b D531
WCIx, BUEOHRE D HIRE 20~60m F TIXELAR
BHLLTWDHO0, ZHLETITER L TV [42].
COBERERND, HET 20~60m LR TIE, IRERHESL
W AARTET 2 MUEEBRBENS, 216 0 M8 OHERIF 2> 5 BL
EETHRFEINTERLEILEZRTLOEEZLNTND
[42]. ZNHOBEBEND, AFETHREEN KD REWVE
REES Ol EREHERE % 0 D BUE E TOMRIcs W
T, EREHT T, B - FRICGERT 2 MERED
FALITHFEIZRE SN TNV ERRBEIND.

& AT, IR LR O & 72 D8I BI LTI,
R B CIIBEDOHIE T 20~30m O Tldkigbek
DLERRD HNDH—FT, HE 60m LUE TIXIEILREE
BRI B EBRL NIRRT D, T OWEEILD O B, MK
fa (tgg iR B E & AR (ZHEHT 5 BENLFEF
DEEEFINL, WppE (EERE L iRE) % ORA
HIZ, RAKEIFROH K & HEKERFROH K & 2RE Lz
HR KA Tl A R R IR S D Z LT Ko TR S
Ni-EEZHNTWS43]. = OR MR IER O]
W<, YERBHERESR ORI L Sh T 5[43]. ¥
T R L EBELORORMEI D, U T UIALTERIZEE K
FRE T D BIED DY BB OHEIL O & FIRFHIZ AT
TREHEESNTWD[43]. 2F Y, HEEORE VT v
SALVEA BB - RRIC K B T /KRB L OV BR BE
TAITHE D bOTHATREMENH Y, 7T VR Z TR L
T B BREE DR b B - 2 A - TV 2 W REMER
RIEEND.

7233, A EHRICIT A B L 22 AR EEHIBR E AR 1X U0,
(@am)Th 2D Z &, ZOWMEIL pH, BLRITEMDIZN
\ZIRFEH A EICREIND & ENTVDH[42]. ZiuTkk
ST, WED pH, BLETLEN, REEH AT % WA
BB LIk ST, TFARF~DY T v OIRREZHEE
HIENTE, WHBREOZE\R T T OBAT - RFHTK
E LB EFHT 2o — &7 5.

6 BhHYIC

KiwTlE, SR Tl SR —1 7L THlE &S
NABEB L OVEHA— X —DHEDE S IZESNT, K
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ENRREELY TELHHbOD, HERKRIZEIT 5% -
EBE R &) 150 FRiH & BE E TOMEERE % D -
7o, ZOfEE, BIRERTITN 150 HARTS L <I3H 100
TR & HEE S A2 WP R HERE 4 0> D BE £ THIR o
Pl A3 340m Tl b K& <, Z OO Wil 9% 1
0.2~0.3mm/4E & BFE S bz,

AR TR LIz L 91T, Bl - BAITH 1000 75 4H &
EZoND A EHEDIERDORINLBEICE D £ THY
KLEZ s TWeEEZOND. 20 L) A% MK
WZHED R b U T VERITEMREIC Dz > TRE S
TETHY, B - FEORETY 7 VIR OFIEREIC
FTHELREDSTZHOEEZILND. ZOZEDD, £
OB R r— /L CHE L 2 M 2N EEBOFE T IZB W)
T, MERENS BRSSO E2ATDH L
WHEHIE LTRENTEEZBZTND.

LinL, M- RBRE, U7 U ERE R L CEHE
RO R E OBRIIHA L NS TN, 5%,
FfD - (R EITHE O HE FAKIREN R DAL, HIER(LFEREED
TERK « BRFEFDO A B =X LB, i - RARICHES
HEREOELCZ O BRI 2 BARMICR T L& & big,
ZDX D AR AR T VKB 5 Z L Ic kb,
gLy > AT L ORI ZEMEOFEEMEO N FICE T
DHZLENHEETHD.

A

BB A 7 VBRI BB IR B e v ¥ — D a A
AL, M L@, FEERIK (BRI R
VA=) X HED BT OV Tikam L CIHN T W
5. Fi0, 2HDOEAEFRE NG, MEICEThbi>T
AR OYGEIC RER D OFEM 2 THRfa Wi xE L
7o VB 2 TR BB L £ 9.
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