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A Study of uplifts and subsidences(1I)

Yutaka Sasak%éand Keisuke Fu33§

ABSTRACT

In this study, we have reviewed the literature on various studies
case conducted at home and abroad since 1980, with a view to (1)
establishing the characteristics of the uplifts and subsidences of the
Quaternary period in this country and (2} identifying and reviewing the
methods used in those studies. We also selected several subject areas
with topographically and geologically optimal conditions by concretely
examining the research performed on uplifts and subsidences, including
those located in foreign countries.

A general review of recent crustal movements and those of the
Holocene--Pleistocene periods in this country has led us to the conclusion
that the Kanto, Chubu, and Shikoku districts have shown. practically the
same type of movement during these periods, while the Hokkaido--Tohoku
districts located on the Sea of Japan saw uplifts in the past but have
recently turned into subsiding areas. The Hokkaido--Tohoku districts
located on the Pacific Ocean have been stable in uplift and subsidence in
recent yvears, and the Akaishi mountains area in the Chubu district has
been active in uplifis. ' :

To establish the characteristics of uplifts and subsidences in the
Quaternary period, we used (1) a topographical-geological approach and (2)
a geodetic approach. However, there are very few case studies in which
these two approaches have been integrated and evaluated in coordinated
form. . e . :

We consider it most importamt for estiméting uplifts and subsidence
in the future to analyze crustal movements using a combination of the
above two methods. In this way, these movements can be regarded as one and
the same type of movement, at least in the Quaternary period, and can thus
be reassessed with greater accuracy with respect to both temporal and
spatial considerations.

Work performed by Daiwa Geological Laboratory Co.,Ltd. unnder contract

with Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison - Geosciences Reserch Program, Radiocactive Waste Management Project
Hiromichi Hatteri, Ph.D., General Manager

Departmennt of Geology
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{The Research Group for Quaternary Tectonic Map, 1973)

Table 5-4. Classification of the Quaternary tectonic divisions of the Japanese Islands.

: Mean of absolute ‘Mean of gradients ) Class . .3 Class
Quaternary tectonle division (QTD) amounts of vertical of vertical = Fault Fold of E of
: displacement (1} displacement (2) . : 1 @) QTD
Nerthern and Eastern Hokkaido ] . 464 m 7 x10"? fairly ﬂense - c c D
Hidakn-Yubar.i _ | 697 10 b b B
KitakambAbukuma 504 4 e d £
The Inner Side of Northeast Japan 620 [ fairly dense dense b c C
Kanto ' . 145 17 b a A
Centrat Mountains 1,090 i7 fairly dense 2 a At
Kinki-Nobi _ 478 10 dense c b ct
Chugoku-Setouchl _ 448 4 c - d E
Kyushg . 479 5 . fairly dense c | c D
‘The Quter Zone of Southwest fapan 648 9 ._ _ b b B
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{The Research Group for Quaternary Tectonic Map, 1973)
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Fig. 522 Quaternary tectonic divisions of Japan.

’ 1:. Northern snd Eastern Hokkaido,
2: Hidaka-Yubari, 3: Kitakami-Abu-
kuma, 4: The Inner Side of Northeast
Japan, 5: Kanto, 6: Central Mouatains,
7: Kinki-Nobi, 8: Chugoku-Setouchi,
9: Kyushu, 10: The Outer Zone of
Southwest Japan.

M2.1-4 HAOSNLHIEHK S

(The Research Group for Quaternary Tectonic Map, 1973)
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Fig. 1. Height and deformation pattern of S terrace (after Ota .
and Naruse, 1977). Insets 14 show the deformation of Holo-
cene terrace in arca 2 (Inset 1), area 5 (Inset 2), areas 11 and 12
{Inset 3) and area 13 (Inset 4). Data source is indicated in
Table I, can :

2.1-5 BREXHOSH:EFEELEO ETSEEST

x2.1—-4

(Otg and Yoshikawa, 1978)

HTHEE»S RES W R ABRERE (0ta and Yoshikawa, 1978)
Table 1. Rate of uplift estimated from height of former shorelines.

Ar ber, Last Interglacial Holocene
Tocality and type (130,000 Y.B.P.) (6,000 Y.B.P.)
of deformation 1 . 1I i 11

1. Tsugaru Peninsula 20-50 (1) 0.4

2. Shirakami Mts. 40-100 (1) 0.7 5-10 (5) 1.3

3. Oga Peninsuia 40-90 (1) 0.7

4. Noshiro Plain 2060 (1) 04

5. Sado Island 40-120 (1) -0.0 29 (5) 12

6. Noto Peninsula 15-110 (1) 0.8

7. Nyu Mountains 30-115 (1) 0.9 58 (5) L0

8. Tango Peninsula 15-50 (1) 0.4.

9. Kitakami Mis.
10. Abukum= Mis,

40-100 (2,5) 0.7
4060 (1) 04

11, Boso Peninsula
12, Oiso Hills _

18. Muroto Peninsula
14, Ryukyu Istands

- 5-25 (6,7) 3.8
20-160 (3) 1.2 10-26 (6) 4.0
40-195 (4) 1.5 3-13 (8) 1.8
20-200 (5) 15 5-13 (9) 1.8

gopglaa|lmwwwl s

I, height {m); I, maximum rate of average uplift (mf1,000 year).
Data source: (1) Ora, 1975; (2) Yonexura, 1966; (3) Macmma,
1973; (4) Yosmawa et af., 1964; (5) Ota, unpubl.; (6) Yonexura,
ig;g, (7) MaTsupa et al, 1978; (8) Kanava, 1978; (9) Ora of al.,

_14._



A, Short wave-length warping .
B, Tilting of small blocks

C. Long wave-length undulation
D. Landward tilting 2

- Tig. 2, Distribution of deformation types deduced from height
of former shorelines (after Ota, 1975). Numbers are re-
ferred to area numbers in Table 1.

2.1~ 6‘ BiTHESESNTERLSHEESNEZEEERDO S
(0ta and Yoshikawa, 1978) _
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3.0,5850+,(5)

1.8
57801,(2)
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GHERE EBEES X UE0 "CER

BRBOEHAD S5, F IO TeabOsEl
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Z  BRAEORRR EREE S - HRAIR
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HEOTEIEA S ST (3 11 b B iem)

* 1 ROV L O

()i 24 (1984), (2HHAR4(1982), (3) AREENZ 4 (1073),

(4)46NE « SRR (19730 (B) B - A (1984).

Fig. 8 Height of Holocene marine terraces
in Okushiri Island. Inset shows height
of the upper limit of Holocene marine
deposits and ¥C date in Hokkaido

" Stipples and underlined figures show the height of

upper and lower terraces, respectively (in metres}

= :1op of marine deposits near inner edge of the

tercace S ¢ height of inner edge of terrace surface
>end < : height of uncertain inner edge of terrace

surface *: undated o

{1)Umitsu et al., (1984), (2)Matsushima (1982),

(3)Nakata e£ al, (1973}, {4)Kitagawa and

Akamatsu (1973), (5)Miyauchi and Yagi(1984).
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HP(Hpf), BP(Opfl), Aso-4 DERMSIE LT,
(%5) 1. RP 2 AP 3. ZP 4, WP 5. BoP
a : AFHREMSHE b AFWARHE ¢ : AFETRIMEE
d  HEEEANNE -
Fig. 6-A Estimation of the age of terrace surface

The age estimation of each terrace surface is based on the sxtrapo- |
lation from the age-determined tephras, such as HP (Hpf), BP, .

(Opfl) and Asc-4 under the assumption that the accumulation rate *
of tephra has been constant during the formation of terrace surfaces.

1. base of RP 2. base of AP 3. base of ZP 4 base of WP
5. base of BoP

a: at Tengutai in Hndunoh:—.-.hl bt at Mizuno in Hadnnohe—sh: .

c: at Mukaiyama in Rokunohe-cho d i at Shikauchi in Gonohe-
cho

[

-w F+410 * "¢ age

Eax] * estimnted(see Fig.6 A) .

ey {4 £t estimnted(see Fig.10 and
: - text)

3 »

fission track age.
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ﬁﬂgﬁ T 72w 7 8 KRR o FXKMAyEVa-¥er 0. FARE
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. T=J— F 7 7 ORI, Kt - SI0(1979) &R
Fig. 6-B  Standard stratigraphy of tephra and chronology of terrace surface

L soil 2. pumice 3. scoria 4. whitish Ane volcanic ash 5. brown weathered voleanic
ash 6. paleosol with dark zone 7. cracked zone 8. pyroclastic Aow deposits 9. peri-
glacial involution 10. Huvial terrace surface 1l. marine terrace surface

See Oike and Nakagawa (197%)as to the name of marker tephras.
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Fig. § Late Pleistocene tectonics of the Abukuma
Mountains and the Joban coast
1: strandline; 2: active fault during the late
Pleistocene; 3: fault suspected to be in active
during the late Pleistocene; 4: direction of
tilting; 5: center of the area with less-rapid
uplift or relatively stable area shown by
Kaizuka et al. (1977).
Figures indicate the average rates of uplift
and tilting except that with underline indicat-
ing the average rate of vertical displacement
of fault.
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Fig. 5. Distribution of uplift rates estimated in the central Japanese mountains. The volcanos of ML Tuji
and Mt, Yatsugatake are excluded.
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AX~tHEOR M CEEKBEEC 1 BoHEEEREROEERE S > =2
55, LIBORRERE~THEMEEEL .
MEOFEEERR, TIBOREEECHEERYOFELI SEBRKE (8~
13FEF) WAk LzeEZRE., M1BOEROBMIATHTHS.
HIGHKDBREEETEEL ZREL, BEEBECTCOH I BEESIn,
MESESmASHELRE. 2700, Hl BEKkBoEKESENREL T
FEUT, MABEKBEOEBKESESRimE L 2.
80+ {(35—5)+8~13} =20~35 (/)

<BWHE> ,
TgEEoM1l BOEEERE, M1EDBITRSEI~60m» 5 HigRE

EE imEaOWTKRD . :

EZMNoLIE, MEiloLl - LIHE. #BEH0oL IHOEHEE, ™
REEEOBEES FICMEL2ET 28O >WT, 20 L@l TRl
EXEREMBLOLEISRD . ,

BRNEAHEE, EHoL IASLUHESR LITOEHER, BE#HLR
BREEOEEEMNE (FEHENE) ©, BEOEBE22THE=R0 M %
— DA THARERILIEERNC L THRBEESEHRLEEEEL
THAREEE OB S KD 7=,

Dl loERETLH 082, 1-347C, BEBEM1IEUARITAT
R EEHETDH D, -
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] 2 12
0 . I B |
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! = 7 { Jnts
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Es { dzo
EHw A= -A2
[008-01] —/—=——x
I/ __E ] 5km

W3R EFEFHSOTEN OB KR ANER
1: B EERED 2 EMBEEEID 3: BB GEEEND 4: HTAmEERE D 5:
ERsE (REEID 6: BEAS (BEED  7: sl (RRED 8: HShL (FEINE 1D
9: RRiSHEME (RESEEED) 10: Mei2tbdy (FESEE ID
11: FEBHEE A (MM FEGHEE 1~10mm/yr) 12 &0 BOREETE N 0.1~ mm/yr) 13: %
BEE C (T IR 0.01~0.1 mm/yr) :
H: LUNBWLTFoREROESR Y H RbATHI 2 THESYE 15 MW, LIniogF
ik b RSLBMEH U LR 5 THIEREE 16: HIM, HUBEOEMEEL hRDH AP
HAEF R U LARE s o B SRR
17(HRFR L) B omEERERE 18(FF a): (ETTEENED B3R o p S oo T 7 A5 UL (OF
FERPIHOTMNHORENRELE L, TR 19GRFE ) : FEA RO MmO MM s &
DOEROLLLFEL bRDALIMMOREHTEHE 2006FE &) FESRONELS -0 O I
L EER L CHEE LS Bio T8 256 g 1
21: BEER R (S TR ofufE

M2.1-34 FEHECEHEEDWRK (MR, 1991b)
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%2, 1-37 ¥ MEEAFECED S HEREH

X Hh Hhig; - ZEEpEHEe | £ W) FHE(m) | ZEEE n/y) EIE HEREEC /y) | WH S5
B . FHH| DTHEEE ‘
(1982) | ATEGRERS ) 13~15%10%] 23x107% | 1.5~1.7x10°7| b H~DIEHD
BE(NERK®m)| 5~6x10* 8x10°° 1.3~1.6x10"7
AT (GHEER IR ) 13~15%10* 60x10-° 0.4x10°° ARG E
BECNEREM)| 5~6x10* 25X 1073 0.4~0.5%x10"°
<fERHETEFHE>

ABOBNRIZWII~ISFERMEBEES N AT FELRRE (RiEf, 1982) BRET L6, ATOHKERZL~1SHFRE
L. '

Bii#BE SRMT 7 IBTLHIcHL.~4. THFEMOKRUEEREE (DKP) BMAEL TWE. #2.1~2. 2FEF O B ThRILKE

(AT) LDKPHIOBELKILKBEOFEX 2 LIcEHHBEELRY, F7ZE TR (EEHEYO LR) @Eft%%%@“? ¥5~675
FEREALED, ThY I BHOBKENRLI~EHER & LE.

< fiRt Hik >
EHAOEMENZHE Bt (1980) oD 2fEAMAWE, £4, hFHEFEEOEBEIL AT - 8K (1979) ORDEELRD .

< HHaERY F — & L ORE >
19671968~ 19T8FEDMWI10ER D, b HAOMELEREEE, 1.9X1077/yh B Wikl 5><10 7y (A, 1980) , SEsRDE.
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XOm Mg BEpEE| £ ) ZEE(m) (B E5EE(n/y) {HEh & fEHEBEREC /y) 8% « SEH
NFEE | et
EEWIE Y L | BRRRI®

-~7(1989) N B 3.0~6.0%10

(Loc.1) 1.500X 10~ [2.5008~5000x10"°] ZREEEE 320m

| BE 48m

(A—-4" ) 5.597x16°*  |9.298% 10~ "~ ACERREE 2.330m

1.860x107¢ | I 136m

(B—B" ) 5.800X10°%  [9.667% 10" 7~ KEREEE 2.500m

1.933%x10°° | W& 145m




<FELHEEHFE>
HEEHEEREI V- (1872) &, BBREIEGEHLUIE (a0
14 CH4833.800y.B.P.) i, NEBREBEEABEER (KRFo '+ CHEM29.780y.
B.P.) IoxEb L. —ABE - HH (1982) &, RUETFERE (§4.5~
4. THER MNEHREREEOU—LABPRNAET S5, ZOREENR
h~6FERT & L Tz,

SEHBBREIELDEHRESE—E CTHD L 2BREL 20T, ZOER
EREI~AFHIE AL -

<BHE> | L
Loc.}, A—A° , B—B’ X2, 1 -3 B5KRTHERTHS.
Loc. 1O E T L - BHEZEOTHAMEICH b, EHESEAME I 5
HTHD. UL, &8 - ASEASHEEL THET 2 RomBE B o
i, m%%mmﬁﬁma&ﬁﬁwﬁmkgdmawnﬁﬁbﬁma%x A
-4 , B—B #AIFOHEENE, @ﬁﬁﬁ%ﬁw#v

<fpF—FeDHE> L _ :
kOHSRE@EIE, S - B (1985) BSNTAMBTEZHEEROFR
EEHE, B i (1980) PEMBEATZ CHAKEAHBEICL2EEHERD
EL10 4 —F—T—H k. 2Oz, 3~FEFMLURIEZRZE—DH
HNEETH-REWVRTE. B
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BERS

F£2, 1-39 g  MBEZEHFEICES HHERES
3Bk (g - EEEEE] F W) ZHE(m) |ZEEE (an/y) fHENVE HEELEE( /¥) % - SF @
HFF(1979) | At :
T1@E | # 170%10° 8.6%x10°3
T2E | #% 110x10%| (FK122) Bkl 5.7x%10°° {EEH B 1INW— ST
T3mW | #% 8ox10® . 3.8x10°® B TR 7=
T4m | # 50x10° S 2.7TX 1078
L1 6x10%| (FK6.9~8.9)| ®K1.2~1.5 | 0.33x10°° 6x107°
e : _
INMETE
T1im [ 4 170x10° 4.4x10°°
T2/ | #% 110x10%| (FK105) 0.9 4.1x10°3 fE ) & [N — SE
T3M@E | # 80x10° 2.8%x10°3 BE TR 7=
T4® | % 50x10® '
L1 6X103| (BAI3.6~5.6)| B&A0.6~0.8 | 0.11x10°* 2% 1078
L 2 if :

() gEEE




<ERHEEHE>
Limid, EHFEFRCHEBDOEKRD *CHEHR 5.900y.B.P. BESHT

W (ABEPEFHRERFEZ L—F, 1968) =L v5, BTEE (K6000
£E) Ko THREhELEER 2.
T2EARLERNCEL AT TS, TIHECHRETOEESASND
CEPST2HRTATHEL I -TERAN=LELE.
TI~TAmOFENEZ, EFHLE, MBSsSFCETLAELREL, 525
HOMEEE CERENENELEH > THTELE. 202, T2HEOEHR
BHEEPSHEL 2R BERER—BLE. £, T1H, T3H, T4H
HENEFNZEH, /MNEREE, ZBEICHE e LE% -,
LEROFHRIREEDF~-FREESNTEY, 20EL 1 EOEHES 0.3
X1 LTWd. 28, MEBOF— 3 2BAn2 LB 38R ELZS.

<MRWFH&E>
BITHREE,SUBOEEKETELRWCEHEL L, SATHTHE

BEaRDiz. 28, BEEHOLEBKRESES0~2m (FE, 1977) , F
TEERBROZFNE+5me L.

RNEBEBLC/MEBEOL 1HADBEITHSERXZNZ202.8~8.9m, 2.5~5.6
mTHY, LBEOFEHCIDBRR P EEFELSEL 2.

iz, REBEBLIO/MEEOT 2HOEITHEE R, 2hFh43~12Tm, 41

~106mTEBROAERIC & D BALHEBHEARD 1=,

LA, L2H, T1@E, T3H, T4HOBETHESER, 2hEhs. 2~

5.6m, 50~206m, 20~80m, 20~38mT & 3.

e, ERRRBREEAFRATOE#HLEEOBRICESVWEHRESRL SRD 1.
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%2. 1-40 g EFRIFRICED < MBS EH)

rh E it

v oM | e | s KRG | ZEEm) | ZBEEGey) | BHE | EEEEC /) | G S5
AHE - BN| feEEs S B A D
(1979) fAlh, 7w 714k
12x10* g~104 0.1~1
< R F >

M 1 EAEIEEIER L TEAREZ WD 20MH L,
R (12~ 135 EH) OIFERFICBRINEZDOLHETL 2.

< FRIT I >

M 1 FEDIR{THS

MG LBEEE ERORRELED 2 HENE BN 2O &N 6, &

E15~110m»n6, BSHOMKESE+mEZ3 | WIEHELRD, THEIRELFEL -,




(5) E&HA

ZITCIR KALEEEETENRICL 2 - I (1990) 0 1 XEEHD F.
LUMBOEHBE. JvFDY MY —FRA VL, RVFEOBABREBEOATESES
FUBEEOBBICNET2EY (FLLTY vy AV HY) ORBEROATEED S
HEENTWVD. 20K TRASEO CERESS. 6HEOANRLEKEDET S
RO, 2OEHBHEEMBEHICL > TELELEEL TY 3,

COXEOFEMIE. £2.1-41, R2.1-36~38BLUVFOTBEIFEL =
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®2.1-41 HWE- - WEFNFEcES(MRED Pl Akt

Xk Huis - EEYEHE FR(y) ZEHE (n) ZEEE (am/y) | EEER fEEEE (/y) 5% « %X
Aiad - FEH | L{EEEEE : FERTHEE S Bk
(1990) (T | 5~5.5x10° 5.8 £, EHEIEX?2. 1-36

L I 3. 8~4x10° 4.2 ORI EKESE

v W 2.4~2.6x 10°% 3.3

LRIV 1.8~2.0%x10°% 2.8

LRy YV 0.6~0.8x 10°% 2.0

v VI 0.2><1_03121.EI§ 0.8




(EREFEFE) ‘ -
V&»Iﬁ,%Kﬁﬁﬁﬁ&aTﬁKﬁﬁﬁEﬁE@%éK%Lt&én%
FI000EF» 5, Vv _AITOBITWICENRMELTI0YB.P. FTORRERS L

REEL, TOBRERE? 5500~6000FH & L 7. |

VALV E~VOERE Y v 3 h v 9 v CERALTIO~4010yB. P, 3860~
2620y B.P., 2510~1900y B.P., 1140~700¥ B.P., 140yB.P.cE S W T, L <
NI OFRENREL4000~2 50004ERT, VA MOFRERE 1600~ 38005EF], L
_ANVOERERZE 2000~ 24005/, VAV VOERENE00~18005FH, v
_AVIDOFRENRZ200~600FEMEHE L 2.

BWanfey vy 2 hvFrotinHELRMBczhso " CERBELBEHIC
> THMEMNEBEKERRER VA (K2.1-36) .

CORPSHHN B AKESEET BB E ARTETHAB & < & 5b
ot COBBRBKECETHMEIES (ovent 6-1) KEREYT 2 & &%,
LRV I~NVOBEREROBBEZEKRKERELARLE. (RPOERIE, o
KERTH 3. )

(R H )

HAEEEBR2ELLLD, ~vF .V v FREDHEBMEORAETE»SIH
HMRKEZHEEL, JSHEXKEOMENRESEZLOHERNZELT DI, HE
T53020F - EHRUEELTBHEHLBEILL Coid3kLTEShE
HMEFNEGKELZ, HROORERBOSHTEEL " CERELSHEEINL
62OV U 7.

DEoBFHRIRE - TROLNLBL RV OGEZHEMNIC, BEHEBMIN -7~
75 7cEkbTE, HL1-310X5%0, 2ENCEBTES, LFTEL R
HHEMEBRD b,

Eh, BUVRLVODEELL LI >PTHOLANLVOEEAZELIVWT KBeventd &
HBEEROERMAT 2L (H2.1-38), YEHEREEBEENKS WESLE
EFHEROFBPREVEELNEDON, EFIETROMBEL®HcE, 2h?
NEB-TEHBREBLTWS SHEL .
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event 5 . LG

6q0yep 5 4 3
. B 5 et Bainic 17 2 2410 o f Rk MK B T L

{ ) BORMBE VSV OBEEFT, 7 OB event HEBMOBMERF, L~

»V;’:m_Lkm;ﬁﬁit?u-— PRI L B A EAR OXHEEAMICRb LAY

BDTH B o i Sl

2.1-356 %é{ﬂéé}mu:mj5%%}&@#3%%@&@}: (B - HEF, 1390)

0 100 . 200 km
Hn Gb Tn  Sr Hk Wb Sh  Ar Kt Sn Km

6 REammoRfEhlRERD L C FER
A:TLTERBE (YyadrFo), & BARERY (LR, 1983, Hn: 5 /7 585,
Gb: #0%h, Tn:mi, Sr: AR, Hk: AR, Wbh: @miE, Sh: ¥\, Ar: ¥, Ke:

B, Sn: #HE, Km: &R+
FHRREGFEE TN PREAMORERNER T, Wb E2 806 O BER

EEBE&&’JT'/‘%O

X2.1-37 HFFEEBOBEBKRESES®TL CHEM (F1F - 5, 1990)
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§000~-5500yBR 4000~3800v.BP
T PR R SRR

event 4 event 3
2600~24600yBP ZOOOIEOOyELP

AR

05 1
event 2 - : event 1+1946
800 ~600y.BR ,

B7 #PLEBHFOHE event DREERSN
FlRoEEEORITE cm, BHBICHLABEROBETIM,

2.1-38 RKFAFEEHOZeventOBEERM (F1Z - F£EF, 19%0)
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(6) MEHZA
&2 (1978) . BiZE (1988a.b) . A& (1990) . Ohmori {1990) OB XEAEZHW Y LW

&8 (1978) BLURIZE (1988a,b) i HITHBEBL IV EHEZHEEL THWDIH %
DB &4 (1878) REBEKELHZ2EZEL THEL TWa0Ilc L T giZE (1988a.b) &
WAKEEBIZOVWTERELTWARN, Ik EEFOERIVWTHLVCEREZZELC
LTWd, ZhMICES (1978) TREGHEREL2-ELH 2L THEARHEEL TV S,
X LMBICES HRTHC LIV EERMBEMLLELEF I TN D,

K2 (1990) H X ¢Obmori (1890) . KEBEABOF—-s»S5HME 1AM OETICXN
TOLAMEHEEAHET S LHEK. PHEELSINFEMOETHEREREZRO TN S
WESEBEH—FZLTBD, Tk BEHHUBOERBEOEESTLANEHIEELS
KETETHI LS, AEE HEXE - - THEEHBEHCLI-TRELTELRLS
Z2 T3, _

SEFELEBXHKES L, NERFOMBEHEILUTOLI > 2 FEH2ET S L3
EEh b ‘ :

(a) PBEI#IAFOALHE. Ota and Yoshikawa (1978) O F A FDKEL. EFEER®
ERWFETCOLEFTAOEH L > THEB SIS h. BE ol & X THEMEIC
KeBREEEZTRT.

(b) PAEGHE lm/ P LOBREBHEECINFEHEEL L L#EEEN D

(c) ZRFHCBERBKHOFRPOLHEAESROLNIEFEBIIBVT. ZOEH
BEARETRILTCOREOREL2ER L THCERY CHERLTH DL, THIEOD
THHEEOFBLEHKEZELZTT.

8. DL XEtOMEMIEE2.1-43~46, R2.1-39~54BIVZXDHN
WRLUEY FERZORZLOXBMPLOBONEEHEHEEER2.1 -421FLHT
FF. EL. BEEEARDBILTEEREZTHI2EHEREH 2 VW IELHE O F KK
ERBLTCRELNESZWEHAH SN bORBEICTREASIWTTRL
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F2.1-42 WNEMEOEH:EE (mn/y) &flﬁﬁbiiﬁ&m( /9)

g | 1007 127545 6000 4% 1404 o ”
- 2,550 L 10075 F ¥ & O 1405 D 1% k7% (1990), 0hnor 1 (1990)
1275 4R 8 & V6000 Dl I &2 (1978)
AfE L6 2.0 : SR
I B L . '
B .08k 0.94~1.24 KUE R 5034,4711,4697
e g 0.3 0. - ' '
A Ed.h | LD o K 5013, 5167
IR 1.5 )
= F {3 _(gﬁxﬁo_a? %1;3—21 1.75 RHER 46

L AEREORNSD




-Gl -

#2.1-43 MR - MEENFEHIED EBREH o [l

X R | Mg FTEpER | £ (y) | ZEHE (m) | TEGEE (m/y) ﬁ g & fEERE (/y) w5 - SE
AIZE(1988 b) | SHmp R AiZAs(1988a)
L~ I 2730~4800 | 2.3~4.6 ' '
LA 1770~2430 | 3.1~3.5 ot AEAZ LT
L~OL I 177014 5F 1.0~1.8
LRIV 0.8 BT 3,
<R >

LRV I ~IpoRESNAEARGRESEY (Yvyahoyy) o Cﬁﬁﬁ4800w&h 2430~2730y.B.0, 1700y.B.PlcE
h;ﬁiﬁ%ﬂ@%m¢ﬁ72730~4800$ﬁ 1770~2430%R, 177 0FEFLEBEHEL -,
<fE prd

FLNiE, BEWPSOHEEMEL R2FEERI3HEMEDLNRE (H2.1~39) ., ARLEANESHEREFICSRH ST
Hl, RUFOREREICEBEBHREGEIHDONEZZ M B, m%%thor%p«wm%mbtt%i,amﬁWBMmeuv-

1:‘:%0&)‘? LA I ~VDENENDOEEER, ThEFIERI UAMEORER EE X, iz (1988a) OZEFEEBICH T 5L R
BREMISEEA (H2.1-40) .
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6
5{__o©
i !
N
3-% I —-o--1 4800270
A 2730:80, 2430+ 180 2o % ]
2{___op . 175 5%
i —~o=-1l 1700260
14 S SN |V g
0 . . . . .
0 10 20 30 km -
A T S

AR BRI HE O 4
ATERW T:R/@%-F/2l S KR
(@I 2o o7 BN P A |
O~ o LN
B b odtg i, “CAEKRE DRI R,

®2.1-39 HEKESEOME (3125, 1988D)

event 4 (event 6 in Muroto) eveht 3(event 4 in Muroto)

" TRV - T 34N
SHIXOKU SHIKOKU :

132

BTG event 4 & event 342IE 5 BB (m)
HEALROSMBINAE (1088) »6F51H L.

B2.1—-40 eventdevent3icft>EREST (3725, 1988b)
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£2.1-44 HE- -BEENFRCESHBBRES _MEMmA
X Bk Hii, - EEHEE £ OR(y) EEE (n) | XEEE (n/y) | EEE () | EELEE( /y) #% - &8
S5 (1978) EFR¥E
HER
L1 6% 10° (1.4~9.0) (0. 2~1.5) 0.27%x1073 4x107¢
L 3. 5% 10° (6.4~17.8) (1.8~2.2) 0.14x10°%
L o 1H 1.4x10° 0.06x1073
ik == _ =14tk (1964)
M1 E 130x 10° (35~195) (0. 83~1. 5} 4.1><10'_3 3x 1078
L 1 6x 10° (1.8~11.1) (0. 3~1. 9} 0.24% 1073 Ax 1078
L2 3. 5% 10° (4.8~8.1) (1.4~2.3) 0.14% 1073
L2 1.4x 108 0.05%x107°2

QRROFAEDIE - FHEME




<ERMELE> _
MIBOERENREZSNM QI Y, BERBKHEEZ, W2~ 13TEH
ELf, R LEFELEISAER & L7,
LiE#ERKETORFO " CERIG.810~6.400y.B.P.2RT &P 5, L1
EOFREREHOVEFOMIEEN & & X 7.
L2, LsEOBERERR, L BOFHETIEECETAUE BB L
TWih ERELTERD .

< BT HE>

NEESEE2HITESEELAR L, TOoE»POERBOBAESE:RRBR L /M
AEHRE L, PHEHEEE KD .

B, 12~13FHER, 0FEFMOBKESERKE - RE(ITHERKEL, %
nEN, In&l, SS0ERMOZThRBEELRERALEZL £,

RPTOZEHEBLICEHEFRIARTORTEEE» S LEFERESWT
ATELACETH 5.

BlEDOL:, Lo L:EOCHBHERIE2.1-1225, ZHhFH T.6m/28. 0kn,
1.2n/8.8km, 0.8m/12.8knd» 5RO /. —F, HHEEOM:, L1, Lz, L:E®
Zzhid, X2.1-41% 5160n/39. Okm, 9.3m/39.0km, 1.1m/8.0km, 1.6m/31.0knk
DRDIETH B,

Dok c LTROLEHED» S FHEHEELFE LM, Lef, Ls
HoFhit, EREZRKDILDIELITHOFEEEHEFEZA VT WE - HELE
g LT WiR W, '
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M5 WERECRWALER LT M BORTHEGEREE

1. ¥ 1 B R (YL 1968) REHOEE) 2. M BOBRTESRE ((Flliih, 1964) i
MENOBEE 3 LiECETEHE (SHEEMOESE, MT4520BL) 4 LEOKRITREE
5. L. WODIBTTH#EEE. B  JKFRERE. BCFRIENATS. b ONEE 1 HER.

K2.1-41 BEEBECBIAMEBLUL . ~L:BOEITHREEHEN
alZFEM, bIXEFEMA (&5, 1978) '

T
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[ W _______ \ o
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5 =L
s e U, e
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- T LB i [ T T T T T
as 50 5 e !
Loy fm

MeE Bt o 2 LEOBITHBEIREE

1 1 FMMORMR (S, 1968) ZSsAMoEE) 2. LAECBTRGE (ks o8,
LIF34 LbEL) 3 LEOBTENE 4 L EOBTEEE #8%  KPEE RFallEta®s
b, c DECEHEHS 1 &,

R2.1-42 BERCHHHE] ANEOREEHE (S, 1968) &
L~ L:HORTEESHHN
bITEFEHE, cEEFEH (&5, 1978)
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#F2.1-45 M- MEFEAIFRICED HHRED e T

— 021

X HE | il - BENEME £ (y) ZaEhg (m) | FEEE (ma/y) g & & EENERE (/y) %5 - 2% LMk
HiZE(1988 a) | EREE &7 (1979)
== g
el I (LIED | 4~5%10° 11.0 a5 - BER(1984)
OV (L2 | 2.6~2.7% 108 | 8.7
L OV 2.0~2.2X10® | 6.6 BE - B85 (1980)
LAWY 1.0~1.1x103 6.0
LY 0.7~0.8%10% 3.7
L~V 0.2X10° 2B | 1.3
7 24
bl T (LD | 4~5% 103 11.8
brL I (L2RE) | 2.6~2.7X 108 7.2
L L 1 2.0~2.2%x10° 6.4
LV 1.0~1.1x10% | 3.7
L L v 0.7~0.8x10% |(3.2)
Lol 0.2x10% LiFE | (1.07)

M) RSN ABUKER, BERENORAESE




(ERMEEFE)

LRI T LIEESRETFORFO 4 CEMRIES 870~6400y.B.P. (&
A, 1978) 5, LANLI BSEBENEHERCEREhAEZEEX, TOE{Z5~6000
FERE L LRVI~NVOERE ZEFBMETZAETIAIHR T2 REKREREE
ODUCERE (BEXH»S>OFHAESY), 2775~3925y.B.P., 2050~2530y.B.
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IMig. 3. Levelling routes, tidal stations for regulation (large circles),
and selected bench marks (small circles) for drawing equal
velocity contour of movements.
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Fig. 8 Two graphs showing uplift process of Iwo-jima (revised from Kaizuka et al., 1982a).
A: Change of height and uplift rate in the lowest part of the isthmus at the eastern foot

Suribachi-yama. 1779: after King (1785), 1887 after Kikuchi (1888), 1911-1968:
after Japanese and U.S. topographic maps.

B: Amount of uplift and average rate of uplift after 1911. After San-Tama and Islands

Counterplanning Section, General Affairs Bureau, Tokyo Metropolitan Government
(1979).
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Fig. 9 Processes and rates of uplift known from '*C ages of marine terraces and past heights of
the isthmus (constant uplift is assumed in each case).
Solid line for Motoyama, broken line for the isthmus, and dotted line for surroundings of
Suribachi-yama. (1)-(7) comrespond with the numbers in Table 2. 1. attached coral on
Motoyama tuff, 2. coral gravel in terrace deposits around Suribachi-yama.
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Fig. 6. Spatial and temporal variation of vertical displacements along the east
coast of the Izu Peninsula:
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Fig. 2. Results of leveling surveys performed along the west coast of the [zu peninsula from 1973 to 1980
(after G. S.1,1988b).
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Fig. 1. Levelling route between Kakegawa (BM 140.1) and Hamaoka (M 2595), and
location of other observation points; tide gauge station (square with cross),
volumetric strainmeter (square}, and radon monitoring station (Lriangle).
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Fig. 2. Elevation change at Hamacka against Kakegawa for observed raw data (upper
curve), and for seasonal change corrected data {lower curve}. Closed and open
circles indicate the data which are obtained from the two-way and one-way
measurements of precise levelling, respectively. Original data were taken from
GEOORAPHICAL SURVEY IMSTITUTE (1983a, b). OQccurrence time and magnitude
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Fig. 6. Contor map of the level change. Broken lines indicate the unreliable data due to extremely loecal effects.

M2.2-26 XKEZFBOSEHEE (HA, 1987)
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Fig. 1. Index map showing location of bench marks (eircle and square), leveling
route (thin solid line), axes of anticline (A) and syneline (S) (thick sinuous
lines with a pair of arrows), two river terrace surfaces (Koshijippara and
Kodappara as mentioned in the text) and cross sectional line QQ’ (cross

section in Fig. 8). Inset indicates the location of the Ojiya area.
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‘Fig.-20 Summit level and levelling route on Kowadappara,Kosijippara and their visinity
to the north of Ojiya eity. The result of the survey is shown in the table 4-7.
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The cross-sections ol Fig.-

26-27 are shown in this. 1: Raikouji T.

Ojiva city.

(Alluvial terrace) 2: Funaokayama T.
3 :Kowadappara T. 4 :Koshijippara T.

IV 5:Koshijippara T. I 6 :Koshiji-

ppara T.I T:Koshijippara T.I(2 o7 -

are Pleistcene terraces)

33 MAER (81, 1991)
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Fig.-18 Distribution of river terraces and
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1900-1948

Fig. 8. Revised distributions of vertical surface displacement; (a) the preseismic (1900-1946.9), (b} co-seismic {1946.9-1947), (c) early postseismic (1947-
1960), and {d) late postseismic (1960-1975) distributions. Shaded and open circles indicate uplift and subsidence, respectively, with amounts

proportional to their radii.
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Fig. 1. Topography of north-castern part of Kagoshima bay, and locations of the levelling
bench marks in the Shikine area are indicated.
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Fig. 3. Development of height changes between adjoining bench marks at the margin of
Aira caldera for the period from 1914 to 1985. Simple cquations relating the height
changes of bench mark 2488 to the 2797 were obtained applying least squares method
to respective terms.
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Fig. 7. Active faults [[_{.G.A.F. (1981), NAGASHIMA ef al. (1932)], Bouguer gravity
anomaly [KUBODERA et ol. (1976)] and leveling route in the Shimabara
Peninsula. Active faults zone is the Unzen Volcanic Graben.
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Fig. 8. Vertical crustal movement along the east coast of the Shimabara
Peninsula deduced from the repeated leveling. The region of the
subsidence is the Unzen Volcanic Graben.
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Fig. 9. Subsidence velocities of the Unzen Volcanic Graben obtained from the leveling resuit.
Crustal movements, normal active faults, gravity anomaly, volcanism and mechanism
solutions of earthquakes suggest that the Unzen Voicanic Graben is an active rift (Unzen
rift) of the Okinawa Trough.
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Fig. 1.

Plate tectonic setting of southern Oregon and northern
California, showing plate boundaries and study areas. Plate bound-

aries taken from Hearon und Harizell [1987], MeCulloch [1987), and
Kelsev and Carver [1988].
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Location Elevation Dating Method Uplift Rate
(m) (mm/y)
Vanuatu
Torres Islands 99 U series, coral 0.74
Erromango Island 87 U series, coral 0. 65
Efate Island 100 U series, coral 0.75
Malo Island 96 U series, coral 0.72
Malekula Island 60 U series, coral 0.99
0.81
Japan .
South Kanto District - 160 fission track,ash 1.23
Noto Peninsula 110 U series, coral 0.83
Kikai Island 224 U series, coral 1.74
Hateruma Island 41 ] series, coral g. 28
Indonesia
Timor 26 U series, coral 0. 56
0.39
Alauro Island 63 U series, coral 0. 46
Semau_Island i U series, coral 0
New Guinea 330 U series, coral 2.59
New Zealand _
North Island,east coast | 284 fission track,ash 2.22
North Island,wast coast 63 fission track,ash; 0.50
amino acids wood
Tonga
Tongatapu Island 6 U series, coral 0
Eua Island 6 U series, coral 0
south America
North central Chile 20 amino acids,shell 0,11
South central Peru 30 amino acids, shell 0.19
South central Peru 110 amince acids,shell 0.83
near Nazca Ridge
Barbados 61 U series, coral - 0.44
Aleutians 49 Ul series, bone 0.34
Iran
Konarak 16 U series, shell 0.13
Jagk B U _series, shell 0
Oregon
Cape Blanco 53 amino acids,shell 0.81~1.49
Coquille Point 17 [l series, coral 0.45~1.05
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EENdicBYaREEL T2 A8
ENEMBREHHEIL—T (1968) . NEROBREREEET 254
KHWEFETHD. Thbd. BRANMABIEECENEETERSN
FRIESBRLE TZ8) Thaeaizl,. o MBRERO®EE PN
AEZBDLETOE#LEZSGATWS, UL, BRENEREIREBERHU
BE», D2VEEBARACI--TEELIBETLTWS2ONWT WP THDL L
ErO5h30DT. HESNIBREBUEBRLIVLNSCAROSNZ MRS
BHdLEBEATVWS (KFE, 1990) . T BEESREZILTVDEH
ATHEEERERBOBEE2ZR LT A6 RZVWEEDNS.
(2) THEELYUABREOMGELAWT., H2 - CHUSEERELEEREL
TEHBEEREARD D&
Ohmori (1987) BPEROBRBELXEETIHALHVWEAEZTHY . HIR
MEXZERBCANTNEAS (1) LAECER2. QT COHEEE
B3
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ﬁAmﬁ@EE#6ﬁw6néﬁﬁmmﬂﬁﬁRmvﬂtﬁﬂEEHhm
o R i R=0.27xX10"°H > 2 7% 2BHEMETT % (Ohmori, 1987)
FPHEEOEMEE di/dtid, FPHBEEEEUVLEIAEEROZLR D H» 5.
dB/dt=U - R=U—0.27x10-2H 2- 23
EERDLDEND, FEORBEEBELIHL T, FHEE-HEOZT/HE 2 <
E(E3.1-1) , I0FEMUEBREZB T CwaLlitid. DHEELE
HoBKIABONMTZ 22007, KENSVEECTENRBREEREE2EET
5, 2CCINFEMSRTCRELELRELT. LROBED S FI9E
EREREZNEHMACDVWTRD ., BEASE-FHREREEOBEREH L
(M3.1-2)  L60mPELRDLNEBRARINATLEIZLBRA
Bhd. &»>T. MERBVWTRLOmP Ltz BAFHBERRES
Ricdwz iy, (1) OFEORREFTLEATNS (K. 1990) .
NEOLMOBREEOBEL LT (1) L3 EHR2HFETH D & HMH
nNay, REEh S EREORKHEOZUELEIODZFEOHRESL
ZErEbhd, | S
(3) HTHRH>DWIRIHBAEBELSER - LRBE2HEET 2 HE
COFER. RORARLVEHELRD B,
: V=Slo;Slgi—Slsf
- REL. OV G EE-UBE .
Slo ;BITHREILREBEKLZOREDEE
Slgi; 2—AF T+ v /77 BEAGELHEDEESEDE
Slst; BEEDODWALHE > 2 — 25T v27BEOEBETE
(i) IHTHE W HEKED TS
BT Tz BEKEBR, YT, B, 79YR, Yvaiv¥Fiay
DEMEWIBE, THR7VZL, /v FOYPY—hF-HA VP, RVF
REOMBENBEBIUHEEHEZ L OMBZENEELSHEEEIN TN S,
EPVFHNEEOIL, Yv2 AV UEETFOLRERESFIHEER L S
+0.120. lmOEEARL. FHIRIWIETHEEZECEZ Eh (FR i
1987) . fi 5, WEEHEED SIS, RV FBITREEELZRTLEATY
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(i

(il

(4)

5 (FH-FN.1986) o Lol HEAEZEOGEEEA2EDDI DK
2. BROBEDOATAEL . HBROBELZ2ELRADETHET S L BLH
Bra3nhtThnsd (E5.1980)
) WAKEEG | |
WA IENCUE, KEOBABB M CENAREIEBLTERZLEZN
T3 (B3.1-3) . 0EHER. TLULIBEEEPSRERS
ZLEK TBEEHEEZE] 20k, BELT2RBEO0EELREZ B3N
PREDEE: OEREGEEAFET S [BEERE] K&->TRDENT
W3 (i, 1988) . SEBBLEZHFAOXE TR, TREHOBAKEGE
Bib~+6m. BXHBEBROZNE2mETBLO8EP > . TREM
DEBAKEGERXImET20o8RHahTWD (FHH,1987) . &8,
Cronin(1981) 3. T — A% F 4 vy 7HBEREL 2V TR. RXFHXKRE
b, —2—X¥-7HOBRMHBERTEL L TKEROELERDT b .
NDEEZZSNZFEEITHOBERNEEOES 2. AKX -EBHE-KBOD
Bhol ok HasWTHELE(R2.3-68H).
) BEREOERCEI>Z—RAFT 4+ v 7HBEOETE
SEPRELEZBEOXBRICR. COBZREL - TVWELDOBLP oI
A, Cronin(1981) 3. BEEOHBAREI Z-AFFT 1+ v Z7HEBDOET I,
FHEIZDE0.3Tm~0.67Tcm D EETHE T EFMO =7 ¥ 7 v EAK,
REtEAPLELEEZ. ULTOABKX»SZ0XEFHEEZRD L.
SLeu= (RXT) —-U
22T SlLeu ;2—RA¥F4 v 27BAEAEHE
T ;#4£
R ; EHEEEE (Zm/1,000y2R3E)

BRBEOEMNADEAP»SHEBEOTRMEL KD 57574
BRBEREEREABCEIEAAEILTWEEZLZAONTHWEDT., BN

BEEORMAOHEAZERBEERKECET2EBEOTREZRT &
Zxzoh b, '

(%)
(6)

BEKFCHBLELEESN25NZOEM» SEHEZRD D FHE
ARBEEOMEREL LICMNBE2ET SRS >WT, 20 LA L TR
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HzEILERLLUBEOLE»SREEZRDZHE

COFER REEBAIKROWMKSENE+EHR AL TEEE2HTE
THLDTHHHB, COREVBRILLZVHALRAELBEZ2 -2 HTR
h¥pdexhTtnwd UPWME.1991) . _

(7) OBEBOERZ2 THE=-20fflz —E0HATHASEDILILRE
Bk THBEBEESELLE, OQNEBEEORNT SHEEKEICIK.
FEMBEELTWEZEERELT, ROBARC L VEBEREHEKE O ES
BAk® 3 HE& '

a (x) =kB (x) ki BB E

fo(n) >6o(m) , n>m

6 (x) =060 (x) +a (x)

L x EBEOTRODD —RKLSENORHEITH > TH - B
B _ :

a (x) ; xEBU2REEREKEOHEHE
B8 (x) i xKBU2BEEBOEH
O (x) ; xKBYIBREHEOHMAE
o (x); XxICBYLEEHEKEOHENIE

R e BEHMoMoREEMEHR H= tan ¢ (x) dxTXKDBhH

5. |

22T, BREOBEILTI-DDHELEELLT, DTo3ABHTOLN

Tna UhRE, 1991) . |

(1) HBLI2HMEPENEEHOLNBERBLEbBDOTHEC L

() BEEES 2T b7 2LNOREERICIDZAREREREHS
ZhofzZ L . :

(i) HBRET2HERALOEEOHATIREHETILAERK BES
nsze

(8) FBHEEEHEZRW-REREEFE
Eil (1990 . FRE#EB IS BE220BRITB N T, FHFA O FEK
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AmYBAkESARUTHEY. FOMESELTAE., 202 20KFRKOMK
ODHEEFOBERBOMBETHEA2RDLYT (H3.1—-4) £F Ak, @O
BESThHBACR,. BREROFAONEOTHICL > TEL 2HKO LA,
¥ THEE (K3.1-5) 2E»PHELIKCLICLVBEESAKRD
5Nhdo
COFREUIERBEELAEBRSRET O HBCRECE, NEHOEERE
ENERBICRDDICLBTEDLEAOND.
(9) BRBEORBMI-ZREDNAES>SHBEEHL»SEBEY (ML 2F TR
' BHTER2zWElY) RA%ERDB2FHE
ER(1990) B LS R 19T IKES L HEESBHL TWAIEEKI
BHMEBoOTRABOoOEE,SBKEEHEEELE(2EIRELD (K31
~7) . FALAOBAKE. BEORTHEEL W KLEHEETIC 2
Lizkh (3.1 ~6) LEBEZEHEBRKDOSND., COHFEEHMERS O
RS AR LS XBEBA NS, KDEOOHMBERETHC L &
7. RN HEETH 2R IRV ELEEBEEHE, SSRKRERAROEY 2
ARzORBELEFEZVWDODOLTNS.
(10) MBOAFEE»SBHLORE - HBREEZRODIFAE
The Research Group for Quaternary Tectonic Map (1873). EA T DA
HTHEROBE - KBEBEEEL &,
(1) (LHMBEFHE~THREHRKOSE) X1
(it) (L#BWhEFEH~THEHHKEO®E) x1/2
() (REEFHOBWE) X3
(W) (EHEHKEO®E) x10
(1Yo FESEREAZVWES (WMBOXRBRLZY) i)~ (N)DH&EE
BRELTWEY, WTFhLHBERBOEREEL2ZTEL TRV, ()0
FET, WERBREOFEELHBEEPEARI - THETL I LBLELE
bhd. '
(1) HEOEBEHRE
Bl (1984) . UTOARHETEEREZIT» £,
BEOMBOBELET. HEOMBOFHILEEL ¢ .. TOMHEOIERA
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ODEXE:2T . 2QHMEOEZHNOFHILBEL . £T5&. HNFRED
DEBRIELLZND S,

T (1—9¢.) =T (1—¢. )
ZZTo . ORODVICHEOHMBEBOTEROABEEs EZH VT,

T (1-9s) =T' (1-¢." ) |
5. R, a*aZ>ﬁii.ﬁ®$ﬁ1‘$i1§&:ouxfi&%@iﬁiﬁ?’z‘éﬁc‘:?wﬁﬁ (¥ 7=
HEREEE) oBKRE2E<. COEBEPST Lo XKD, ZoHiE
WBWBBT &T (l—¢a ) DI 7%FHL. BEK., WIEEh~T
Lo DEP»S, T (1 —-9¢s ) Z2FdELT. LEBOI73 76T ¥2b
H, BRMOBMEBOEE 2%k 5. '
EEMTx2iTbiane, KBEREATFMZH, BERERXB/NFEHEEZND
LEZSN B,

(12) ZBRE - KBREPSEET 2 FH &

EREOCEREVOBEAGLED S, BREE (BE-EH) 2#EL.
HHEECEEAREDT — 925, T0EROEBEEEEZRDDZFETH 5.
SEANRELZHRAOXBMICR. LHOoFEZ2AVWTERDELZHEL AR
ok, BATHMBLELDIC., PLTRAEETIYORBELEE
T5—oDHEELTBWS R TWS (Nikonov,1989) .
U, 20 W THBEREE L THEZNW,

3.1.2 ERKHEEHE - PSR _

BE#E - FEFORLE» D TR EREEL2RDDIdICR. ERASHEE
TERdhE sk, ENECHEBACTZ2ERAUERI. GEEOEAIE
LT, RALVLTERZ2BELLTRRATI2<HEZH - FTHEHK - EE 27

CRULEFE>S L BEOREH S VWRELHBEXOLTRAL W2 Y -2V 2
WEIS<KBESINEBRLOERIZLIDFE>LBH D (8A,1991) . &
2T, B ERARETIHBUODVWTERT S, 2 BEER, BEDL X
BHNERREOBRELLZY . ZOFERERNHFLCL > TRDSN ERMEIT
EINTREENLTW D, : :

<HBEEH - FHEH  r-ZBEZABALZFE>E. B8 #088)ic khid,
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BMEEBEIC L2 FELAR2ELE2MALEARCKAEN, HERBICAB
ﬁﬁﬁﬁ&@ﬁﬁbf%ﬁ%#é#ﬁ;of%&ﬁﬂ%éﬂf“$uZ:Tm
REFEOBBAEELRS M(1988) 3.1 -8, 3.1 - LIZR7TMh. Bk
FEOXBPSZTORBAEBET 5.

(1) #AYY A -7 Tk (K- Acik) ; K (1985)

KEEUEA (KILEE) 89 (ZBSP7AVAVERERY) KEAZ Q.
BELE>EREER. WHEBE~EELsh TS, AHEHELZRY
 MBc kB AcHEE. BECATORE. ARArBAE. Ard kSRR
BEYBERBCEEL2E5 223N TN, 2036, 3IFBHENERDD
NDIEAEREBAE22L3hTW5,

(2) 74w ¥yarebIv ik (FHF.L1985; #54.1986)

MEZY I VEAERELLELELAMEZ Lo RINAIVREDHEPP AT A
KEAEh, BEBRPSEAVTUTRREITCOERPAETRLZATH
. cOFETOMBAR. *UNHRBABOBEEHCEL 2 REN L
HME:, BEECLI2 59y 20RE-HBCH EEATND,

(3) BEHMERFEE (P - FH,1988)

EyEticEAzh, HIELEsERABHRSBFERES - BREVYF L —
YavETAFEN. NESHEBIMETCHEOREMLEATV S,

(4) 5 v RFEk (KH,1988)

KICHBEE (BRR) 2R 797 v eREE (HER) 27 7MYV A0H%
BEEFBALEAFET. BEEDE. KREE. LtEEBCERELS. flEL
BrERHBHER. IF~FEfMLENTNS,

(5) @A Iy YAk (W - FH,1988)

EREANEBMEBES2HINIZ v VAL LTESZATHIEBESRZRD.
FNEEEBECHIC LN I>TERERDDIFERT. ARREOBHCHE
Baxhd. QJIBLEIERGERE. ANVI 2y BV ARBLREBEDLAME
BRBBOIS>EETCHTFERELZN. HERL K> THINFEZTHAE L
ENTWVW3. COMEFBEOERESE. EPORNI Z» Yy ARKELFRRE
DREIKTETHEEATS.
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(6) ESR#& (1, 1987)

EMENEREMEBEEFACVRB (ESR) 2ABLTHELBEE
Bakd, tNrERRRCH - CERZRDIHET, BE. BELOLE
ERBCHEEENG. NELBE3ERBEIZI0E~10005EL N TW3 5
BEHOBUH EEE L THLINFE~BEAETHD, COFFEDEEX IR
HoBELEEBEOTMICKET A EZADNATVS,

(1) 5L ILERMEE (Kl - Fili,1988)

FHRSBEOT I MK, LERYEEKS S DIEEREEALLT 5 L3
REEMALCEREZRET I FECTH 5. LERGAERBEECES T, &
BREELTELTBRD. COFECEBEREREEZNL L THE O
FBRFAHTB ICEBETILWEZIATW S,

(8) BREKAMEERWEE (B4, 1991)

REPSARAKBIEET 5o L2 A ET2HET. 20AMERREEC
o TELTERED., COFECLIERERENP L DERARZEIN TN B
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whix

A FIEREREH- ST AROME . .
MFEEAZR I 2 EEAN OAE A &Rk
BIXTPIT. BT 1, 2287, AEA (1
IR B QKM COMOBBLTE ul. a2
EEM, ALY LBERERS. ML L
2NEOEHH L ERTHIRHBE A L B
LORETHD L E h2 EDOEIZEL L,
R A BOEFNFROEEB I AOFRE -
LRSS LR, EHE A CHEB
LRELN, HE A EB LORTOEIE
BEDFEFT o 1285,

M3.1-4 SE£EOELLEZ2OOZHEMIOFAKEOLE»SRKDOOND
HimEmE (F, 1990)
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3.2 WHPEHFE
BAETIH. HMESEHELROZEDEAVLSNTWIHMENF IR #
BAEAERBECESVWERIBBLAYTH), BVPECSTHHIMMER
DEBrHAcoONTR B ZOfE2ARZVWEEBWKELZS 5.
X5 HiEcRBAEEZRL UTATIRHEC K2HBHMZY X7 4 (GPS)
VEREESEBRTBE (VIB) SEVEROBMBZNMBRENAED LTER
KHFEL TN 5.

3.2.1 fEkoBHMBBRAIC LD FHE

—smkENER. HrEOBEMOEEE2.5Vs m (s imBENORRR)

PRELTEREDL EEO IS 0FH _RHER B L 20.mTH I L&
nNTnz, 22T HEKEFRAEFITZL(EREZELI{RDDILDTED
Mo HbEEARSOTHETLIE 26K SHBEOLIRVWEEVEDS
RBLLT. FHEEABEELLCRBBEEAEAVIEA HBVERY
BOBEMEERBL CENLEREALSZ .
L~ kEBBOF—IETLLTREL BNOREKLILOHBOEHER
ETZHEBAVWSN TS, ZoFETE BEEORVWFINEEZE
PEBCLBELEELEETHLED. BHEEOWTESRZBEOBREIRSL
BETHoLNWIENAERT 2. BHETEH. VBIFEEIVERTEHLIT. A
BRL2EORBEFOEBELTED., ThiVPUBOTF—r2HE LT L&
DHFECEIDHRLHBLTETWS (B X LIMEE - &H,1979) .

¥k KENBOWMABHBEIC VTR #XE BETF—FLE2 ML
KREIATERLOLHD. PRIDBELZEATVET —FbHDLEX
S5nBNT, 4B REF—IEZRICERLEBIBLETHLI VDN
T3 (EE,1971) .

E5ic, iR - B (1991) & MHAEBT— 5 EEo THBEHBK LT
2554 BOEBIREALLT [ENRFEIER-LHERTHY. &
LEEANIC LS 7Y —BIERDPOBOLMRENBICEERAORABZEN
TWRWERR BEEESELDTEN] EWS T ZBHAL TN S,
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2.2 Hrizio Wl EF ek

(1) AIBEBCL2BEBENMEY 254 (6PS)

CPSORBIL. BEHLSOBEZ2ZETARI CHMNAROE RO H EI1- 1
e, HNHEZRTNBIRETEBCLTHE, T8bd. BREERI T

ZK BELAREL LD IZLBTES, LU, GPSTRHDENDE =1L

HROKEJBIZ LI BIVT A R2HRELTIEE UL, BUENG» D0
BMETHLED, AHBEHCE T > Z D LTV CO AT A*EEHTA2EHE
THFEZET 2. coFkik EBLNBEBECLIBEESRALCA» »CHE
RIS T B,

(2) BREHEHTHE (VLBI)

VIBTL i, HMBROEBCLEH T BO TEVEROFHHE2 1 3. % i
BROFEBEHBT Vv FTRLZy—TATEKLTVDZDICHL, BELEE
FRATREDOIAIVI/2ERKREL. B{BhE7YFF22nThil
TS F RV L CH I -

VIBIKOW T, Vv — bt EBOZERL LCREZORASHE S hEH S+
THd, LU, VIBIOEXBREDTHEAZLOT E#-LE-BAITH
2TRAZETDHIEEDNR TS, SBWAICLT/HIREELL. HEBECEA
TEHPPEELZFELEL TNV S,

WFHhIZLTH FROWEBCEL Tk Lo X2WwEM»5. -
EPSOBBEZRB/THRSE NI THEREAAAL = HBEMLZRTHE
DRARCBEASSLLTWEEEA2 &S (GH.1989) .
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4. ZEBLUVSBROBERS

4.1 BHAEICBITHE KR E
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V@%%%f(%ﬁﬁﬁzﬂﬁﬁ)momfmﬁ?éa,MT®®~@@¢5mia
HhBHZELRTE B
O - HEZHFHRICLIRDONELER - mw(ﬁimmﬂzﬁtﬁ&)wiﬁ
ZHEL BUESFHE (BI0FERH) d30WIEEHH (WE000EF) ObBDTH Y,
—7, HMHENFRICLOIROONEZERE - HE (LTREOHREHLFE) O
ZEEHER, BEABRINVEBOLOTH 2.
QBEMECBYIREEOMBEHRRN L BFE0zhe 2B T2L, HE-F8 - H
EfiFclR, BELOBEICERRAZLEBERAZRT.
@ kEE-FH#HiFoOAXFEERFEHBIE BECEEBECTCH-RLOBPRETIAR
BICE L T W 3. '
@Hﬁ@ﬂﬁgﬁﬁﬁﬁbfméﬂﬁm T — R o B A B R s (B
HEEME) TH3 A BEOBELVWHRER $HBFoFRALTE (BEbLE
oL W) THD.

Lrlics e Z8BER0PT S5 oBiconwTaDE, Z20ZEHHER
BEBERICL>TER->TWBLZA3bH 3.

z2o—Flr LT, B (1987) R Tz OoNHERMOMBET 2 X4, 1-
LRt AR, BELEERBARLBTE BESSRECBN TERE
ERaERTS BRICL->T, FOoORBHERASEZ--TWBILPDLrS Tk K
BE - HEZM - EFRTEF0LOK, HOEM (BA) 2RELTEFRAPAED
BEEANBLTNS ($kid, BERPSHUBANGL D) L2 8ROEN5. Ik,
£ (1983) W, REAFKBSYIEZRUROMB LT %16~10nyB.P. , 10~ 5myB.
P. , 5~2myB.P., 2~0myB.P. 4Hif (BR) AW TE4.1-2~RTLOLE
BRAE2EXI TS ZhooMEATY, numﬁkzmrbmﬂgﬁmﬁimﬁ
Rick-TELET2Z L BRANND.

rRok>c PO HERT B L, %ﬁk%éﬁ@kﬁﬁéﬁﬁﬁﬁ%tﬁmb%
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Table 1.2. Simplified Phanerozoic time scale with rounded values

EON ERA PERIOD SUB-PERIOD I%IU&?— - AGE
Durations in Ma . EPOCH (Some stages) Ma o Ma
e [ Holocene 001 0.01
" Quate : Ple 3 02 o
_ ;64“3 - Pleistocene Ple2 0.66 ¢ 0'79
'Cenozoic Ple 1 085
-< [ Pl 35 1.64
65 X Neogens \ocene o 52
5. 2 Miocens 18.3.
. - - 235
g { Oligocens 1205 55
o Paleogene E 210 .5,
\ L 42 Paleocene 850w :56'5
r d . -
Gulf Scoosian Las 39
32 L Tur/Cen 8 - 97
Cretaceous Galilic J (Alb 15)
81 KI 43 ' {Apti 13) 35
49 ..
9: L Bar?) 132
Neccomian 14 146
Mesozoic < Maim 7y .157
130 Jurassic Dogger 21 178
- Lias EANE
Tr3 {Ru/Nor 15) - :
Triassic {Cm 12) 235
37 Trz [ 241
L Scythian 4
s r Topiogian 3 245
Zeciste
costein { Guadalupian 6 2552
g Pemmizn (Kun/Art 13)
8 45 Rotliegendes (Sak 13) 35
™3
< (As.9) 290
X 3 295
. Penasylvapian imovian 8 303
Late s
164} Carbon. 33 1: e 1: 311
iferous ~ 323
73 Serpukbrovian 10 333
Mississippian Visean i 350
40 Toumaisian 13
— 363
D3 H o
Paleozoic ! 46 D1 23 _ 386
325 r Pridoks 5 409
411
Silurian Ludlow i3 454
Laodovery 2 439
[ Asbgill 4
44
Bala + Caradoc 21 462
Ealy} ordovician [ Llandeilo 3
fed
16y o Py | Tt —
Canadian + Arenig 17 493
Tremadoec 17 510
: 7 517
Cambrian Saint Davids 19 536
60 . (Lzn 18)
Caerfai
\. L { (Atb/Tom 16) 34
f Edi 570
Siian ~230 Vendian acara 20 5%
40 Varanger 20 510
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Fig. 1 Time-space di“agram of marker-tephras with the representative marine, fluvial and
gla(_:ial sequence for the tast 300 ka
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Fig. 2 Map showing general distribution of the representative marker-tephras of the late Pleistocene
in Japan and adjacent areas
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