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10. REE/KHESOANT X B /N4 il oD FE 4 i D B

i his!
wEmEs {m K — B
H & E H B

(8370 65 4 2 H 29 HAEZH)

. FL®IC .

FIb H ARSI BT B IEB OFETE 21 U TIRE Lo D1 OTUKA (1941), AR (1942)
Libi (1942) THBH. FEihik X ¥ 3 EKBE LS X OUKEE LR, FIH=ER - HRO
FSE OB RTREATML LTG5 LWV 5 AR RILE Ui Z ORI, %S
X FAPIEBI L T, EHEMERAD X0 EELEOEGER T — 2L s\ ToiE
BRSO B E BT LT (FhR, KM (1968), dukt (1979)).

&z TH R B HE RN AR o F e o Tk, ANTA AL o BTSSR
BEOWHE & MR 5 REHER AR T &, RE—E O K SO R Bl S O Rl
TAHFAREM LTS L EAMT (1942) 12 & s hie. B~ B
RO &, KIFOIGI U rcKEE S ZEEIR C Oz 3o X O E R 2> NAKAMURA
(A957) X v fifebh, FoOfER, RBEBONE EFMEROEWITN LY RE
QU LT TR O RENTERI N, FOERNLD, FhETIE D KBERIR
PAEF LT, DMFRAMNOEROD < &L km, fdk 10km L Eoiidfa,
FIBRE BRI, 1077/ 4 ~ & — O E G T & Fi, BED FilihhE s o
QL oTD B S EEERMNEO R, BERMOER 20T, LOBRLEIEEI L
DOBHD.

T HIE R, 3 bR O AT &R B RO s LOHH=R - 6
%D FERHEL & 2L L, BAEOFINGE AT O BRI BT 5 TR b 2T
5k, BT AR Th, RIIKRWLRETHS. Lrl, HEIL
KEESE OSAREEEIME L, T FOBRBEFALT LMY TR oL, ARESGHIER
LT, HUERESE & ORI WAL S, WHEFREY S U TERINEM L,
B COEHE L OB oWT, MO D DR 2 B iy, KEHLDST
FEY L 0EL L, HlmE RSB LERD Y, ERHAR LT, KR
BEDL ORI, WEMBSLZEZECARTRBET S LEI LT TEL,

DX REREND, HENPEO RS0 KESIERES, S % BB fE 4
H—c X » T 1957 ‘Eic/ A i S ik, & okERE @l & it
5 X OwBBEINED, 1 B0 A THIZ M - Ch 57D, BixHEmciib+s
CRAEETH o, FD1= 1967 « 1968 Fic F—Eiia 4 Ficit b BT
WiE) 2 S KB AL B X e, S OB T, 1957 EoRIE 35 Silla E X
ey, M, TTRENE L, R Lol bhitiot, LavL, WK
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& (Fig. 1) OfEPRI S, &K 107/FE04 — X — 2@+ 5 K EfEfEE2RT
EDERD BRI (BFRS, 1968; #if L, 1968; MIZOUE, 1969). 1978 4Eic & K i
DOEAHNIBOTTedod, B 10 FEEToEPE R oI, ThREADHE fTibhic. [
Wiz & DRSO RPA T iobite, TR, NTRIEGIIBIRO RO TR
U THCHE S, BRACRT 2 BHLER 0T R Y &) TRGBE Tl
THZETCRI LK.

R TIX, THECOFFEARESWOMRI b &S ERMOTEARY SHIc s &
DO O BB I < ANTHIER IR B B i 0 BT EEE) & EHGER O &
DR ILEHETTS.

2. FRMMEOHOKESHKE

FERRKERIRED b2z LT X A1 BT s R, MMAalkofias Ik
DA G ERS,

2-1. F1H; 15kEAOHBIKRE (1894 F~1927 &) LIFBHOIRF

KHE S D IET A FERBHES & K LT % &\ 5 K (1942) ofEiig, TR,
SRR 1 4KESDOEIC L > TS, NTFEHLTRIIC 2% 1 SR ERE
i, Z OMIRIC RET ABMENCIZIEET LTV B, MTAHOMT—HEMR LT3
(B.M. 3601, 3600, 3599, 3598, 3597, 3596, J. 3595). =i b KA LD 5% B.M. 3598
& B.M. 3599 piafthd bikshicEHeh b, 1894 4~1927 FOLETE A D L, %
D5 HD 14, B.M. 3598 sl kit LTHEELTW5, (B.M. 3599 iLESHIT
B, ZoOMBETHKRESLL-TWT, BEREELZRLTGS, 1956 FIL T
BRILTWA Z e B THoT.). TOBERIE, 1 SERERE - ERBL
R B DIREEA IR T B 1o, IEFEHNCHE 5 BB O T 2 7eds, 2§
ST T, BHEBOETERIT 2 DIl OKIEFORF L i 2w, T
¥, BM. 3600, 3599, 3598, 8597 i3 1927 F RIS & 7otz o & 2% 1950 4
RBEDTETIM D, 1894 F~1927 F2 O o3 D 55, 1957 Fogilicy
F B R (1927 4E~1957 4) b3 A IEFINCAE 5 Bk b Tonio,

2—2. $2#; BrEFHYDKERBEOEE L ZOUR (1958 F~1967 F)

1940 ERICA D, HEMET O O B TER (1943) 1, KA MRz K 8 21 A B
L., —HOBFREEO S i, 1958 EHIEPIZEANC & b /NT A 18 S oKEE&H
RSN, SRD OKEELLE, TR O B s - SRR L 8 L, Ry
el 2 BB AR » TERE S hied, 1967 EOKPLFNCEL FThic it X b 6 S2gfEE
TR T4 Lie. # O, B iifs LCuwicid EORBIR 2 b Rich - ke, Biflichie
D HEFET B o b D KUE R BENLE I & F OB OBIETHE AL T B L CRERER L o,

1967 Eogiilic X b, 1958 FELkD 9 FRC oW T, FTH—EIF—BROBRCH
SEEEM L bhte., KELZHT D 6 M TH-end, Bz -0 7T, Bk
FRloRE EEIh, THEIMMEENEEC LT 107°/FE04 — £ —#ET 5 & &5
Bdhhiz, FOBOKMESOHEBECITSAOME, WETTR, WGk & RIELRBE OS50
NED B RN, R B M &R Lok EREO B ST I hie,
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2—3 £ 3, SWEKESHOKE, Al (1967 - 1968 £~1978 &) LEHGEEH
BXOB

Wiko X 51, 2R 3 E R b BT 5 KIS OIRFFH i THE
THB T LMD, 1967 1968 FEoFl, HFTE T, KERBLAERRETS
oL, FE—#Ml BE P oS TS 2 b, Bl e BB X0 REFTT,

Bench Mark
O ERL
0 651

LN

N

Fig. 1. Index map showing location of bench marks (circle and square), leveling
route (thin solid line), axes of anticline (A) and syncline (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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BROREE SRR MR T2 BTk, EDBBERMZ BRI, DX 57k it
1967 SRy 22 4%, 1968 MR 27 MAMERR &k, 1958 fELIkRo T Sxinz &3F 56 Mo
HERB PR EE SRS S e, b oI ERKEES T A% iz 1968 EHE TR
B 63 g BT B EEAKUE S AN T AR SE R L.

1978 SEDBEINT 64T L THT 78 » T KEE S ORI ED FRA I X b, 1968 EFILET 56
RTH o T B ZEITKIE S D 5 bIRIE¥ RO 26 S4%, MELE DR 10 £l ik ik

Fig. 2. The precise level net subjected to levelings in Oct. 1978. Numbers in
parentheses and circles indicate the leveling route number (from 1 to 11)
and the loop number (from 1 to 5) repectively. Arrows indicate the direc-
tion of the traverse.
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WS e BREBIFERS IO D I DR TELTWAH Z EAHB L, €T, 1978 4
DOHPBRL, BFEOMEDIRATAES 80 & LBERKESR 7 A0OF 87 o0 TRD
bhi (Pig. 1), ZOFBRIEMTHELIBNS X5, EfEilhoET R L,
Wi BRY%E 1958 LKL U TR L.

2—4. 5 4 #); FROKA DI HDOEE

INTRERMHIROMBEER T ~ 2 # 5B OB L CER LT ediTix, THRES
MBE SR TE L, SEIKE AT AN DS 5. L0k, A 80 4 OhE
DFSERRBE ) winz Hidk s 17 5%, EFKEES 10 & (1 SK¥EA R L OEBKEER) %
Mz, % 57 Habie b KIESHOBI LT T, TOKE, SHEBPPE/RE D
L, M 3o BIBRE LOSTF — 202 bhs o béls. FRBRMATRO
HEFTHER MO D bbb 5. Toks 1978 EDWE(H5E T A ToKIEL#E% Fig.
2 iR,

3. MERELBALSE

Fig. 2 ORESTIELR S, s L 58T 5T 4, BRI 98Bkm ths, W
B KM E O BIEL Lo TER I NS L 5 SHERIAED DR (BARER
43, 1979) . BERR 87 jRic o\ CoME T ER, 1967 - 1968 EOMBIIEAIC X 5
MR HEH L CRD B R,

3—1. BIEHRE

PR 1 EREERREORIEL LORERTERT S 7o, RO X D IsEREBRCH » TT
Tebhiic.

) BlNGRZE o FFAMEHE i A% o HIlR (BElit &t) SBRoMaEo iR
2mmv'S L35, kL, S BAEEFCRBOFNKTHS.

i) AT 5EERIL, 1 EKEEE (VA KEE 107/2mm Bl E, R/NEER 0.1 mm,
SRR 5/2mm M), B XOCBARMUEREERN v v £ —ofEr 50 1 ki
BR (Bl s v-—AT5—7, 20kg £, AEE#EzE 100 4/m LT, fHESHEERLE 107/
2mm LIE) L35,

iil) 1 Skl a0 (BHE, §itik, wifs, B 1k, 2 882 e (0.1mm
i) &L, FHRIES LKL ERT 5.

iv) BUNEERE (v -~r EERE) ik 40m &35,

v) KHESREDS 2km DL RS BB OWTE, # 2km I X O BBIEE S
T X 0 SR CkBHE D B B IR S A 3T, BN B\ Tl OMRIEE A & F Uk
WEL, HEBB R CIKES SR RV ET5. ,

vi) 1 HOBIIKESC AT THLADET D, LELEEOKEWBEST,
BREPIETFC S B, BEATRSL ZENXH 50, EEOBANLH—FEELT
oo limLixe.

vil) BREEOREY, BNFICERAIE R XOCRHEEIEL T o iR d E5nT,
B AER I X A KRERH I L 01T 5.

Pl RoBfie X o FERENESZE S, T~ % &5 e Baae R TR
DHHEIT O HENER I N DO LIRS, Thbb
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) AEEHE @2.0mmvS) B8 L5 TR 7.8% (7.3km/93km)
i) Az () o5, (1 O, 66)

p DREIDGT
5 b 13.7% 22.7% 22.7% 18.2% 12.1% 10.6%
1t DFFZ D5
IO S + - 0
i3 » 60.0% 33.39% 6.1%

iii) BopEE (Fig. 2 2), 2L, 0L &k h BRI CHIRMEI M LB L,
P& - THH AR 4T > T gL,

woo % 7 1 2 3 4 5
Boo M O 18.951km 23.744km 26.342km 28.652km 18.455 km
TR 2 mmv'S 8.7mm 9.7mm  10.3mm  10.7mm 8.6 mm
B & #% +3.6mm —0.8mm —-2.0mm —4.1mm +4.8mm
iv) SRR O/RER
X il ¥F o WoE i S/ (i} 7
3596~ 3595 1.146 km +9.2846 m +9.2864 m —1.8mm
017—259~4 D, 0.812 +6.4087 +6.4080 +0.7
4D;~4D,; 0.967 +41.1895 +41.2904 —0.9
11~103 0.714 —3.3002 —3.3009 +0.7

v) BfEE LRSI 1km 4 ) O RRE (M)

Al 3] —

BT () K W ms)  FERSUPEE g
1 3596~4D, 13.383 km +0.44 mm 1
2 4 D;~3596 5.568 +0.25 3
3 4D~ 11 17.105 +0.46 13
4 11~3596 1.071 +0.10 2
5 11~ 21A 13.864 +0.57 9
6 21A~ 24C 8.887 +0.58 11
7 24C ~3596 2.520 +0.03 1
8 21A~ 36D 6.720 +0.65 3
9 36D~ 28C 7.614 +0.61 6

10 . 28C~ 24C 5.431 +0.53 4
1 36D~ 28C 10.841 +0.48 5
at 93.004 66

LRHBEO 1km X OEHTRHE (M)
M;=20.51 mm (=1/4-[14*/S:]/n)
7oL e BEPO RS (mm )
Sit FEH OEE (km Bif7)
n: 8O
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vi)
a) KUEFEEHEH SR DI R FRE
1km M4 b DOPHJE#E (M)

PREE @) K M o Sy B TH S W E BV

1 3596~4D; 13.383 km +48.1330 m +48.1302 m —2.8mm
2 4D, ~3596 5.568 —48.1291 —48.1302 —1.1
3 4D~ 11 17.105 —33.4051 —33.4054 —-0.3
4 11~3596 1.071 —14.7247 —14.7248 -0.1
5 11~ 21A 13.864 —11.0084 —11.0067 +1.7
6 21A~ 24C 8.887 — 9.6874 — 9.6873 +0.1
7 24C ~3596 2.520 + 5.9688 + 5.9692 +0.4
8 21A~ 36D 6.720 —18.3637 —18.3629 +0.8
9 36D~ 28C 7.614 + 7.0379 + 7.0404 +2.5
10 28C~ 24C 5.431 + 1.6346 + 1.6352 +0.6
11 36D~ 28C 10.841 —+ 7.0426 + 7.0404 —-2.2
il 93.004

M,=%0.71mm (=[P V;V]/(m—mn))
TRL, P=1S, m: BUHREROK wr REEo Vit fE$L GEdhofiti)

b) RO R

ZOWE R B OB SIS O TR 1 3
4D 110.7081 m +1.3mm ME L 3596

11 77.3027 +0.7 g 62.57T79 m
21A 66.2961 +1.6

24C 56.6087 +1.1

36D 47.9331 +1.9

28C 54.9735 +1.7

3—2. BHALSHEIUHALSE ;

1978 4F 10 Brodifli s o KM X b, BT 4Hn ko bh, WEO R
(Bt (1) Tik 1965 4 6~8 A, Bk (2)~(B) Tix 1967 £ 10 7, B 6)~11) Tix
1968 4F 10~11 §, Fig. 2 2M) 1w X AHIILE 4H, L 0% (AH-4H) 3z bR,
Zofitins Table 1 OFEMHOMC/RTBINILEZ 4H—4H;, THY, ZOfHLRETO
NBHREEGEOIEENE: dhy Floir dhy BENEEEOBEC T > CTORBEME 2 (4H-
4Hy) LLTRDBRD. 1978 £ofilm: () LujEloHE () & ofFTotkERs X
O >WTIE, BIEEER L bRy, Table 1 TBHIE B 2 LR s
LCRLk, BllkEoMzERo 2 icRdbhs. EMcixrh ThoRE OB
Werdeos U, ERGR Ul 2 BHEREY (1) & JI) TG0 b s WA A
BB, O L5 A ER () & JI) TGO DT B KESDHRERII O
THIEE L RDFoftie AR L.

4. KEQROLEHE
Fig. 1 R BRI R AT 2R AL &2, 1978 4£ 10 Awaiil s hie. BiE O
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Table 1.

ik

RO e P —B) « JFER VO

Change of the relative height of the bench marks obtained by the

precise relevelings carried out in Oct. 1978. The relative height of the
bench marks is designated as 4Hy; for the period of Oct. 1978 and 4H;
for the preceding period of Jun.-Aug. 1965, Oct. 1967 or Oct.-Nov.

1968.
Leveling Route (1)
AH;; (Oct. 1978) AHy(Jun.-Aug. 1965) AH -4 Hy
B.M. B.M.
3596 m 3596 m mm
+ 9.2841 + 9.2822 + 1.9
3595 3595
+29.1403 +29.1300 +10.3
3594 3594
—21.7127 —21.6910 —21.7
3592 3592
— 0.8421 — 0.8572 +15.1
3591 3591
Leveling Route (2)-(3)
AHy; (Oct. 1978) 4H; (Oct. 1967) 4Hy-4H,
B.M. B.M. B.M. B.M.
3A 3A 3A m 3A
m — 2.7587
+29.9734 3599
m +31.1577 m mm
4D, — 2.0192 4A — 2.0153 — 3.9
— 2.2380
—31.9926 4
—27.1763
3598 3598 3598 3598
3598 3598 3598 3598
— 7.3113 —12.0967
101 —16.1376 3597 —16.1270 —10.6
— 8.8263 — 4.0303
3596 3596 3596 3596
Leveling Route (3)
AHy (Oct. 1978) 4Hy (Oct. 1967) 4Hy-4H,
B.M. B.M. B.M. B.M.
3A m 3A m mm
+11.7994 +11.7416 +57.8
3600 3600
3600 3600 3600 3600
— 5.2740 + 7.4706
2D, 2
— 0.1560 +16.1365 + 4.0924 +16.2034 —66.9
2D, 1
+21.5665 + 4.6404
1A 1A 1A 1A
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Table 1 (Continued)
Leveling Route (4)
4H; (Oct. 1978) AHy; (Oct. 1967) AH~4Hyy
B.M. B.M.
11 m 11 m mm
— 0.0181 — 0.0248 + 6.7
11A 11A
—14.7067 —14.7061 — 0.6
3596 3596
Leveling Route (5)
A Hy; (Oct. 1978) AHy(Oct. 1967) AdHy-4Hy
B.M. B.M. B.M. B.M.
11 m 11 11 m 11
— 3.3000 + 7.2723
10A
103 — 5.4839
m 10 m mm
+35.2694 +97.5264 +97.5078 -+18.6
+32.1278
9D 9
+ 2.2151
-+65.5570 9A
+61.3765
8
8
+44.3831 + 5.5949
7D 8A
+18.5393
—48.5058 —70.2125 —170.2108 - 1.7
7A
104 —58.8108
GA
—66.0898
—35.5342
5 5 5
5 5 5
—14.8905 —16.4789
105 —32.5298 23A —32.5266 — 3.2
—17.6393 —16.0477
22A 22A 22A 22A
22A 22A
— 5.7907 — 5.7893 — 1.4
21A 21 A
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Table 1 (Continued)
Leveling Route (6)

AHy(Oct. 1978) 4Hy' (Oct. 1967)  4Hy (Oct.-Nov. 1968) 4Hy~4H;
B.M. B.M. B.M.
21A m 21A m mm
+22.1824 +22.1818 4+ 0.6
20A 20A m 20A
+23.6065 +23.6051 +23.6053 + 1.2
19A 19A 19A
+381.8455 +31.8428 +381.8423 + 3.2
18A 18A 18A
+88.2738 +38.2731 +38.2728 + 1.0
17A 17A 17A
17A 17A 17A 17A
+12.9335
16D,
+ 8.4874
16D, +16.1208 +16.1193 +16.1187 + 1.5
— 0.1935
16D,
— 5.1066
16A 16A 16A 16A
Leveling Route (6)-(7)
4Hi;(Oct. 1978) 4Hy(Oct.~-Nov. 1968) AHy-4:H
B.M. B.M. B.M.
16A 16A m 16A
—32.8877
12A
—10.9255
12C
m —22.3078 m mm
—97.4275 13C —97.4132 —14.3
—15.9211
14A
— 3.1015
15C
—12.2696
15B 15B 15B
15B 15B 15B 15B
—28.8952
—15.2716
15D
040G —15.3937 —38.3197 15A —38.3261 + 6.4
+ 5.9692 —23.0545
3596 3596 3596 3596
Leveling Route (7)
AHII (OCt. 1978) AH1 (OCt."NOV. 1968) AH}I_AHI
B.M. B.M.
24C m 24C m mm
+ 5.9692 +5.9568 +12.4

3596 3596
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Table 1 (Continued)
Leveling Route (6)-(8)
4 Hy; (Oct. 1978) AH;(Oct.-Nov. 1968) AHy-4Hy
B.M. B.M. B.M. B.M.
20A m 20A 20A m 20A
—22.1824 m —13.8732 m mm
21A ~-18.1056 39C —18.1053 — 0.3
+ 4.0768 — 4.2321
38C 38C 38C 38C
Leveling Route (8)
4Hy; (Oct. 1978) AH:(Oct.-Nov. 1968) AH-4H,
B.M. B.M.
38C m 38C m mm
—11.5811 —11.5779 — 3.2
37C 37C '
Leveling Route (8)-(9)
AHy; (Oct. 1978) 4H; (Oct.-Nov. 1968) AHy-4Hy
B.M. B.M. B.M.
37C 37C m 37C
m — 0.9309
—10.8587
47C m mm
36D — 4.0818 +26.4710 — 3.3
36C
+37.3264
+31.4837
46C 46C 46C
Leveling Route (9)
AHy; (Oct. 1978) AH;(Oct.-Nov. 1968) AH~4H;
B.M. B.M. B.M.
46C m 46C m mm
+97.6101 +97.6066 + 8.5
45C 45C
+39.9028 +39.9069 + 4.1
44C 44C
—51.2137 —51.2018 —11.9
43C 43C
43C 43C 43C
—23.7822
—46.0329 42C —46.0328 — 0.1
—22.2506
41C 41C 41C
41C 41C 41C
—25.8557
—70.5523 40C —70.5543 + 2.0
—44.6986
28C 28C 23C
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L

Leveling Route (10)

R e it —10

« JRR LU

Table 1 (Continued)

AH (Oct. 1978) AH; (Oct.~Nov. 1968) AHy-4Hy
B.M. B.M.
28C m 28C m mm
— 6.3798 — 6.3881 + 8.3
27C 27C
—+ 7.5869 + 7.5849 + 2.0
26C 26C
+32.6006 +82.5974 + 3.2
25C 25C
—32.1725 —32.1630 — 9.5
24C 24C
Leveling Route (8)-(11)
AH1; (Oct. 1978) 4H;(Oct.-Nov. 1968) AHy,-4Hy
B.M. B.M. B.M. B.M.
37C 37C 37C m 37C
m — 0.9309
—10.8587
m 47C m mm
36D — 5.,6213 — 4.0818 — 5.6160 — 5.3
36C
+ 5.2374
— 0.6033
35C 35C 35C 35C
Leveling Route (11)
AH;; (Oct. 1978) AH; (Oct.-Nov. 1968) AHy~-4Hy
B.M. B.M. B.M.
35C m 35C m mm
— 9.6333 — 9.6240 - 9.3
34C 34C
34C 34C 34C
— 6.6537
33C m
— 9.7317 — 3.7089 — 9.7332 + 1.5
32C
+ 0.6294
31C 31C 31C
31C 31C 31C
— 2.7365
— 3.6761 30C — 3.6786 + 2.5
— 0.9421
29C 29C 29C
29C 29C
+-24.8441 +24.8474 — 3.3
28C 28C
Leveling Route (9)-(11)
4Hy; (Oct. 1978) 4H;(Oct.-Nov. 1968) AHy,-4H,
B.M. B.M. B.M. B.M.
46C m 46C 46C m 46C
—37.3264 m —31.4837 m mm
36C —32.0890 36C —32.0870 - 2.0
+ 5.2374 — 0.6033
35C 35C 35C 35C
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T oW, B Q) woun T 18.8 4, B @) ~ (6) woun T 1L, #
w(6) ToWWTIE 10 £ X ot 11 48 (1967 4E, 1968 4E0 2 mBIE T inbhiz).
B (T) ~ (A1) @oTiEy 10 4£ThH 5. MEOHE & OMiH2 10~18.8 FLiXb 0
AN, KEEEDOSAEENEROFICHE LT XD T & & e &R GHIT
BWCEBRA RSB & ETE, ThbbEltE2 (Table 1) # TR LRSS &
%, JEHEEER LR ol d 2 EDlv kS MEREIRARET & Lol b AR R
OIS Hid kDT, FOERE% Table 2 ¥ L Fig. 8 wrT.

4-1. HAMWHIE

i (6) (Fig. 3) LWkirabt (Fig. 1) 2\ sise i+ 5s B.M. 16A 1
1967 4EoBER LI 1978 42 10 H odilic\ o5 ¥, BEEET 5 KEE R LTREL
REARLTWS, chitEic B.M. 16 A o3 SmRIoil, MEEMs RN
bl b KEEDBFEB LTS s, 20 B.M 16 A 2R HLFEL, D
FTRTOKEEDOERE AR, BHEIRO 2 2OHF T L hRple. 1 OB
TOWOES D X OMEXTieb 3, BREAOBMARBE NN b LTE b, %
RDBHFETH Y, WEATIEONELFE 1978 4 10 A odilicv7c% FToBERT

Table 2. Change of height of bench marks obtained by the precise relevelings
in Oct. 1978. The difference in the time intervals from the preceding
period of levellings is uncorrected for 4k, and is corrected for 4hp so
as to correspond to the interval of 10 years (1959-1978).

Uncorrected| Corrected Uncorrected| Corrected
No. B. M. (4) (B) No. B. M. (A) (B)
dha 4dhy Ah 4 4dhp
mm mm mm mm
1 1A — 8.8 — 7.5 20 20A — 6.9 — 6.3
2 3600 53.6 53.3 21 15B —-15.5 —14.1
3 3A 0.8 0.7 22 24C —20.3 —20.3
4 3591 — 8.1 — 8.3 23 38C - 7.2 — 7.2
5 5 — 2.9 — 2.6 24 45C —10.2 —10.2
6 8 - 1.2 - 1.1 25 44C —14.3 —14.3
7 3592 —23.2 —19.6 26 37C —10.4 —10.4
8 3598 - 3.1 — 2.8 27 25C —10.8 —10.8
9 22A - 6.1 — 5.5 28 46C —13.7 —13.7
10 11 —19.8 —18.0 29 43C —26.2 —26.2
11 11A —13.1 —11.9 30 41C —26.3 —26.3
12 3594 — 1.5 — 3.3 31 26C —14.0 —14.0
13 16A 0.0 0.0 32 27C —16.0 —16.0
14 21 A - 7.5 — 6.8 33 28C —24.3 —24.3
15 3596 —13.7 —12.5 34 35C —15.7 —15.7
16 17A - 2.1 — 1.9 35 34C —25.0 —25.0
17 18A — 2.8 - 2.5 36 29C —21.0 —21.0
18 19A — 5.5 — 5.0 37 31C —23.5 —23.5
19 3595 —11.8 —11.1
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Fig. 3. Distribution of the change of height of the bench marks given in Table 2
for the leveling route in Fig. 1 ((a) 4k, (uncorrected), (b) 4k (corrected)).
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(LOEEC X HHFEOWRIBETH S, PR LTHE S h 2 00 RELZO—THREhD
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B S TR OB D2 B F ORI LTS LW SR B KO RBAEN O
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EH 8T MOKEEMD 5B B.M. 1A, 11, 3592, 3600 0 4 fi%x Lok X bl
[ & W LA 7 — 2 s DI, BOM. 1A i3 & LTHiE O X ), i)
B EEOE UGEEATED bk s L X5, B.M. 11, 3592, 8600 ioou T, E
LLTHEEDHEI LS. B, B.M. 1113 B.M. 11A w b_RTEREER X VIS
mIxh, EabLhikhiBoE Fii® Ihiris BM. 11A 0% & i
LT, —6.7mm EELLWBELTVA, ChREELL BM 11 2327 ) —F e ED5E
W X DWF Licd DB x bhs ot B.M. 11 ik b & i L. B.M. 3592, 3600

o, Tk 2 o0k kb, EREOMBRIEDRTY, BEEELOELWIPE
Thiroze (B.M. 3592 1:p5s2,5 B.M. 3591 & —15.1mm, B.M. 3600 iR B.M. 3A
L 57.8mm OLTEDOENDHSD) I L OB AT L AL L H 4T
BB S TH D LS hD, FORSE, KEBOMWREDE -~ FOncivbh
DEMHEDOT — 2 OBEIL 4 ERS LT3 EEILS.

5. HIRTEIE— FOBIR

HKUE 5 DOBET BT —IE & DD F o BRI X 5T € — FOMER D &G
k. BT~ FORITCHI» Tk, lllicwvicsiifloRs, Kk OB
KUE EOSATEEE, MRS 7 82 X Bl X h B By, ZRINS L EZRCAhS
DERH S, W8T KOS AR LALHREOEREELD L LTS, &
S OHE AR ST U I IE— e T2 o0 T e & RE L TR IR 2 iR sE O REC I
Shic\ o T, GRS, KESSHEETEE 50, Fig. 1 @RI KIE
BOBAABHRT, HEN 1km X0 L/PAXOEHPC N TOFERIATETHS.
WHIRIC B LT\ 5 & H 2 DR B ARSI, KETOH~N5 Lok, RO 2O8%
z2bh5, 2O 10ofek s LToRF~OFBEIEHTH H, Lo 123w EER
LEEE LCW A EEIES TS B, 2 TR Ihb 2 o0 MEHEER N S h i 2B
oW TOELRBZERTHS &\ 5 HHRCITL - TN ET Y. EhihbbfoTFiish
T WERIC KT MO NEHECES TR TV AENREML2WTUE, Thb 2 o0FEFK
DT DFRFER L Sl E TR ZINZ 5.
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Fig. 4. Evaluation of the rate of the northward tilt for (a) 4k, and (b) 4hg in
Table 2 by a straight line fit along the cross sectional line PP’ in Fig. 3.

THE2bR TV, BB HIEALT £ — Fitb 2 58l 2 o,
FIENT & AHIER O A F—F i CAE LT3 2 & L35, Fig. 3 () 330 (b) 13,
THERAIEN - BOZEBRE (mm D) OGHERTHS.

5—1. Hhiéetks L COEETEE

KETTHAND X 9T, SR OHIURE, £ & LTdt~dbxTeinCx Dy, dtHT
EHHRIPEPEE TART 5. SR etk & LCoEEIES O FEEERET S b o
THY, TRICH S HEEE L KESOLETENSHE TS, W%, BEIESOH A &
U TR0ty PP (Fig. 8) % & 3. FhFEhoKEESOMEBERY PP {5
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L, -5 LOBETHE & &0 B0 SMi%#~N%. Fig. 4(@) X0t (b) R
T IO, BHEANEELD CHEERED LR LTS, OB 5 ELEOHEET
BRD2o0FENREL bR, Fo 1D EHRGAO LR % ED Bl A5 kT
50, o 1 OREBHROMEI L 5 HETH S, HIEERERTORILRLER X
BETIENECH S = b eE L IR E LTI dikkEE LTEbhPTWEEZD
nBDT, WLk LCOBBO X 5 e MEZET L RN B ik, MHFEOHEN LD
TGN B D E LB, LinLo S CRAHOFECHIEE G 2#EL, Thbi i
%, #IEN, BOLEWE dha dhy (Fig. 8 (a), (b)) &2\ TORREEKH] LTS
SLEL, @5 PP xS o oL LTD dhy, dhy HBRAN2 T LI,
Ay, dhy DFRZERCKT BEHRE dh.*, dhs*, HBEE G Gp B XUHEEDLTT
HOMEMEH r kD5 &, Fig. 4(@), b) @RTI5RFRELD. Tiabb
i) ZHERSAO FRAEDS 12 05 —% (Table 3 d *Eli fF LK ZiTDW
TOf) b,
G,=1.94 mm/km - 10 £¢, (r=0.995)
Gr=1.95 mm/km - 10 4, (r=0.995)
if) 44, 83 HOEWEMD,
,=1.50 mm/km - 10 4§, (r=0.808)
Gz=1.52mm/km - 10 £, (r=0.822)
Licd. foToH~DHIRA kL LT OB, I, HBoXER dha, dhs O
IR & A SRS Y, BHESTO RO X 50, £mM0BHRIC L0 kKE
AET B LV B, EEBSTORMPRERC X AEHRANOHELYIERE, o
e G, MG r okEWHOkrbsc LTy, B D) @EHEOERO
e X 5E) OFETHS G=1.94~1.95mm/km « 10 4F7c5 fik LT OMEHTH L O°
e EMT Ao L L.
5—2. EBMICHES TEEE
ST RE 5 T & LCEET AR, HuRketk & UToEiEhET) & iRt 5
%@Km%h5&m5ﬁ%1ﬁ0&,%%fibtﬂﬁé%&bf@ﬁmﬁlﬂﬁ,ﬁﬁ
% Table 2 (iR TR dha, dhp D3 HFEF NN FER Y QLB L, EREECH S L0
L Lt n . ANIENL, HBOLEE dha, dhpy ©o\WT, BHRSMO LREEDD 12 K
DF — 2 bRDIBEE dh*, dhg* wFEF R OLT R READE LTE) &
Table 8 Wiid. & OEELHE 0dhy, 64hy TR THAIER, BROLTE dhs dhs
CHRIET A HDTHY, FOMILKES 83 MOV TORELTEOMM 0 Lied X
5RER A ML ThHs., &2 TRDLILEELTR 6dh, B X0 6dhy D5 Ti% Fig.
5(a), (b) &= 2mm RBFOSLEHREHG TR LEL. chb 2 SIOREERRE D10k ik
T3 &, Nidotifketk r LToEBRoSE LAk, SR oW TORIEDME
WA TES b, o TUTOHMTRMEROLETRE dhy WHIET 5 ERELT)
5 0dhy ©o\WTORMET S (Fig. 6).
6dhy WXIEKAESS 6.8 mm, F/AMES —10.8mm T, 17.1mm OZEBFE 0. Eh)
&~ FOBMELT, BRLLED Y ~ v BBECRSShb ok, RIEERLED
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Table 8. Residual factors ddh4, and 0dhp, defined as the deviation from the
straight line fitting for the tilt to the direction along the cross sectional
line PP’ in Fig. 8. The residual factors are given by the equations

thAl-fdhA—(dhf‘—S.ZQ) , Ah*1=—1.54+1.94x
JAhBlzth—(Ahﬁl—&ll) , Ah§1= —1.43+1.95x
where 4% . and Ahf,f‘l represent the change of height relating to the tilt to
the direction PP’ as derived from the least square method. The distance
z(km) is measured along the cross sectional line PP’ from the location

of B.M, 16A.

Uncorrected Corrected Distance

No. B. M.
dha 04h 4, dhy odhp, 2 (Km)

mm mm mm mm

1 3A 0.8 - 2.8 0.7 — 8.3 5.4
2 3591 — 8.1 —10.2 — 8.3 ~10.8 4.6
3 5 — 2.9 -~ 3.6 — 2.6 — 3.7 3.9
4 8 - 1.2 — 0.4 — 1.1 - 0.6 3.1
5 3598 — 3.1 - 1.1 — 2.8 ~ 1.2 2.5
6 22A — 6.1 - 3.1 — 5.5 - 2.9 2.0
7 11A —13.1 - 7.6 —11.9 — 6.7 0.7
8 3594 — 1.5 4.0 — 3.3 1.9 0.7
9 *16A 0.0 6.6 0.0 6.3 0.1
10 21A - 7.5 - 0.7 — 6.8 - 0.3 0.0
11 3596 —-13.7 - 6.9 —12.5 - 6.0 0.0
12 *1TA — 2.1 5.1 — 1.9 5.0 - 0.2
13 *18A — 2.8 4.8 — 2.5 4.8 — 0.4
14 19A — 5.5 2.3 - 5.0 2.5 - 0.5
15 3595 —11.8 — 4.0 —11.1 -~ 3.6 - 0.5
16 20A — 6.9 1.3 — 6.3 1.6 - 0.7
17 15B —15.5 — 6.0 —14.1 — 4.8 — 1.4
18 24C —20.3 — 8.2 —20.3 — 8.5 — 2.7
19 *38C - 7.2 5.1 - 7.2 4.8 — 2.8
20 *45C —10.2 4.4 —10.2 4.2 — 4.0
21 44C —14.3 1.3 —14.3 1.0 — 4.5
22 *37C —10.4 5.6 —10.4 5.3 — 4.7
23 *25C —10.8 5.2 —10.8 4.9 — 4.7
24 46C —13.7 2.4 —13.7 2.2 — 4.8
25 43C —26.2 - 7.9 —26.2 — 8.1 — 5.9
26 410 —26.3 - 6.9 —26.8 - 7.1 — 6.5
27 *26C —14.0 5.6 —14.0 5.4 — 6.6
28 *27C —16.0 4.4 —16.0 4.2 - 7.0
29 28C —24.3 - 2.9 —24.3 — 3.1 - 7.5
30 *35C —15.7 6.3 —15.7 6.1 - 7.8
31 34C —-25.0 0.3 —25.0 0.1 — 9.5
32 *29C —21.0 4.5 —21.0 4.3 - 9.6
33 *31C —23.5 6.0 —23.5 5.9 —11.7
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Fig. 5. Distribution of the residual factors (a) 64k, and (b) 64hz in Table 3 as in-
dicated by contour lines of a 2mm interval for the leveling route in Fig. 1.

Mo E 5~10km OIRETTH S C Lic EDEMEh D, KETHRS L5,
COER e~ FRBIEESOREY LRI LTWS, KRR IETo B.M. 164,
15B JEEF oML, T TAE M @BX107%/4) Zxd. Rk 2 W &
P & DIERFRAVZETNIFIALGE & I <SRHIB LTS,

S &R0 BT E — F &3R5 7SIk T 2 B.M. 48C it
X (Fig. 6). WETHRS Lok, ZORGILT B.M. 48C it CORRKRN A
FIC X p b0 EHEIRS. o T ORI TR S5 B. M. 43C, 41C, 28C,
44C OLEWECRTEILT OMEL N2 e & EOMBEROLET) € — F OHEESNIETH
L. FORHIT, ORI TR RS BRI A O FEMET R & 15E 4 K
Wi DAY & DER L AMERTo7c. COMIEEMZ S & Xy, WBiELkEo v
— v ORFIN X b —FR Lo e (Fig. 7).
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Fig. 6. Distribution of the residual factor 4hp in Table 3 as indicated by
contour lines of a 2mm interval for the leveling route in Fig. 1.

WERD LB, 2 FENLEESh s NERR (Fig. 1) of~ofiZis, 2km
T 20km (=10m/km) OBFETH S,

ChBDOBERE, JRE, SMkEmnd, WFRLIBERIIYE-Tcbn L AR5, B
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Fig. 7. Distribution of the corrected values of 64h; by eliminating the local mode
of subsidence as indicated by contour lines of a 2mm interval for the
leveling route in Fig. 1.
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DT, SEHR SO BT L Y KE L BEORANRD Y 5B EELBRDL
&, 2 DOMERINT BN EENERCER Uk, NEROHFNRLRL LIS D
C&, BIVER, FHEMOHETELDIARECHSELEL L, MEDORDTHS. B L
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b S EHENE B,
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Lleh, WHOEIT - &L eh. UEDXSEEND, STk 10 HHER
JED I, SEERZ 0.1Xn mm/km « F (n52) ONOEX TIhABEEO>TFTE
h, n % factor 2 FIETH L LF 2 DONEYUTHS S,

—77, B CBRC/R Lc X 5 @ KEEEOgUlC L hRD O D o4t odt
Fi~OFEEZ R R LT\ 5, §Eo TR X 5 BB O HE e & REESINT X 5 Z5T)
ik, BTFRlN5 b KEO R L5 LI LT I,

MM Th~< X 5w (Fig. 4), MLk & LTodbH~OEEME, T 217
7 5 Tl bl it b B3, 130E 0.19mm/km - £, S Bt 0.15 mm/km o SR
ThD. WEIEHREOSAD LN S, BFIL M5 RD B RTHE L O AR TS
5. Ihb 200D 5L, HiFHTIhbbEDEO SO LR KIET O 2, Hib
DOMPTIRBAMC L > T X YRS D EFEZLND. SO, HELHE2 5 L FHEL
W X AHEEM E —FK T 5. t-T, BE 10 HEY Liciic - TFH 0.2 mm/km - 4
DM E TLHIRITIE - T & 7edbH ~OIEMTET)IE, 1967 - 1968 4£~1978 £y 10 4
Mo d, BIEPEHEE S LW THET Licd v B,

6—2. ERMEHGSIURELT

R D VLR R TRMA, § Fao 1 EK (g, WEMRER, 1970) 7t &
CEINERBEATO L5 THS,

i) @i

Fig. 1 wRT X3, YHUkoPRilafET 5K (Fixh B—EA) TR E
DLOTHD. = OFFIGRTEE Clbh w5, HBREMOTMAC @A H 5.
PO oAl GREENAAD i E IR e ES 2, E2 BT IR 5 Bl
LUHEN S, BEKIEAL & BINRA OB 2 RN mA RIS B, S h B EIRTINEAL
AREHREE & ARFT 5. BRI OB/ IR bR — T4 T AT P i & 7 5 AT
Licraplimaish s, cha /MR & ERTS, FelHe $iSamns 5.

i) FAhigE

— R BRI Rk O fiRNL 80°~60° THD, FAHEIL, WAL X AR, Mk T
EE L TR O BRI AMRTT, REARERHEEORKUAL TR IR TIR & A ETT~
HFHE LT B, OMAnT HIWEMNER A Fig. 8 s (B 5. 1970). Wimigk
QQ ofrEr Fig. 1 L THS. ZOMTHEOILT I Clrik KSR IR
LTWw5%, dEF~ofBE A\ 2R Y OB BE, Tihbbiilfi cRO BERTTO
ikl (Fig. 6 B3 X0O Fig. 8) & LitofexlkigT 2 LU T X5 ThH5B.

RUEERER 4, 5, 6, T o> B ~7 (Fig. 2) T, BEE, HEMmMIEGMEERE L
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Fig. 8. A Simplified geological cross section of the Ojiya area with no vertical
exaggeration (after MIYASHITA et al., 1970). Location of the cross sectional
line QQ’ is shown in Fig. 1.
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OALTT~OEEEER 3 L OVEFITEITH 5. 6o CRESHINZ X v Bl S hic BB
W, A hb20o0BRK IS = - FRalrbHiffiihs.

ii) KIEFG D FER1D 2 Hh iRtk & LTodHF~DMEEEEL 0.194~0.195
mm/km - £TH 5. —F, MW X 5#FE 10 JFERE OME O TR s EEE,
0.2mm/km - £CTH5H. ZhbDOEOHEITHS HELE2Z D LWHED it Lv—FK%x
RLTWAEWZAD, ZOZENBBE 10 FEMU R b, Sibifici - & edt)s
~OTERELED, BEL BESHETET L2525,

ifl) ARHEFPIDFER L LT 2 bR S ik Otk & LT oMBha ik <
L, BEFEIET iy L OB LD S — v b B R ~ P2 bhD, FD )
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10. Mode of Vertical Crustal Movements as Deduced from the Precise
Relevelings in the Ojiya Active Folding Area,
Niigata Prefecture, Northeast Japan.

By Megumi MizZoug, Kazuaki NAKAMURA, and Sadakatu IZUTUYA,
Earthquake Research Institute, University of Tokyo.

Regarding tectonic development of folding structure in the present and the latest
geologic time, pioneer work was done by OTUKA (1941, 1942) and IKEBE (1942). Comparisons
were made of vertical crustal movements as revealed by precise relevelings with the
deformation of river terraces and the underlying Neogene and Quaternary fold structures.
They found that both deformed terraces and vertical displacement of bench marks were
concordant to underlying fold structures. This is interpreted as showing that some of the
folding structures indicated by Neogene and Quaternary strata are still active.

The mode of vertical crustal movements in the active folding area near Ojiya, Niigata
Prefecture, Northeast Japan is analyzed on the basis of the data from precise relevelings
specifically installed for this purpose decades ago in comparison with geological and geo-
morphological informations. The Ojiya area occupies a southern part of a Miocene to
Quaternary sedimentary basin with its center of subsidence at about 50 km north-northeast-
ward. During the late Quaternary, a subareal drainage system developed due to general
uplift of the entire basin. The Ojiya area is now located along the lower stream of north-
ward flowing Shinano River, one of the largest rivers in Japan. The Quaternary strata
have been affected by remarkable deformation since the last 10°~2x10° years resulting in
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the foldings of wavelength of several kilometers with north-northeastward trending axes.
A flight of river terraces of a comparatively large area is distributed along the Shinano
River. Some of the terraces show distinct deformation after their formation, as indicated
by a wavy profile and/or lowering upstream. The degree of deformation of these terrace
surfaces is proportional to their ages and the direction of the tilt is the same as that of the
Quaternary strata beneath the terraces. The inclination of the river terraces can be attrib-
uted mainly to the accumulation of tectonic deformation since the time when the terraces
were initially formed. )

Precise levelings were carried out seven times for the period of 1894-1967 along the
Shinano River by E.R.I. (Earthquake Research Institute, University of Tokyo) and G.S.I.
(Geographical Survey Institute, Ministry of Construction). Except for the results for the
period of 1927-1957, which were mostly insufficient owing to too many accidentally disturbed
bench marks, the general tendency of the crustal movements was confirmed to be in good
harmony with the geological structure as indicated by the subsidence of of the axilal zone
of a syncline.

In order to confirm that the fold structure is actually growing, a leveling route
perpendicular to the strike of the fold axis was set up by E.R.I. in 1958. The result
of the releveling along the route for the period of 1958-1967 support the active nature of
the folding structure along a single cross section of an anticline,

For the detection of the areal mode of movements, a precise level net covering the
folded area of about 10x20km* with the installation of 63 bench marks was set up in
1968. The bench marks kept in proper condition all through the period of 10 years since
1968 totaled 87, which were subjected to relevelings in Oct. 1978. Characteristic mode of
movements in the area were successfully detected for the interval of 10 years from 1968 to
1978, the results of which can be summarized as follows.

1) The northward tilt of the entire area is identified as one of the predominant modes
of movement. The rate of the tilting as deduced from the precise relevelings is about
0.19-0.20 mm/km-year as compared with the equivalent value of 0.2mm/km-year as an
average rate during the past 10° years from geomorphological evidence. It is clarified from
the comparative study that the northward tilt is progressive and of tectonic origin.

2) Remarkable undulatory modes of movement with the wavelength 5~10km is
superimposed on the tilting movement. The undulatory mode is in good harmony with the
detailed pattern of both geological and geomorphological features of the Quaternary fold.
An asymmetrical mode of deformation with respect to the synclinal and anticlinal axis
coincides with the Quaternary fold structures in the area. It is concluded from the
evidence that the fold structure has been formed with the maximum rate of tilt of the
order of 10~®per year during the past 10*~10° years up to 1978.

3) A notable local mode of subsidence is detected in a part of an axial zone of an anti-
cline. The subsidence seems to be caused by the pumping station operation for natural gas
deposits as judged by the geographical correlation of the subsidence and the gas field.




