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§ 1. Introduction

1946 412 321 i< Fk L BIBMASUEZ ORI IC s\ T, Fig. 1 Imd & 5 fgpr:
5, TOE O &I BRI, K ¥ BT bikeb Licz 213, £ 0%
T o THLMC SR & & ATEH BP9, precise levelling DffHi 6 AEE L
BOWDHE 5 L R & ps-Dfe OWLATHHLESFIHE & WE SRS L O RO AV 22
B a0 Im KR sRTH Dk, Fic—IJf Shb O ZHEC §E < Pl O ¥ 7
FRCIE 30~40 cm DY R LA, [HIE R O E TR O LTIV Tik b 72 36 24
FLAH 2 B BRI 2 50 C R o aui+Cie 45 L. Findb b precise levelling
DRHIC k> THALE T2 bW B 5 GAET % WS 5 & 2 avC& e, fHH%E
B AR TS WCIE L L S B ENELOo2L B Z &Ik o BID A T C AT e
PHic1947 4% L 001950 a0 levelling DD SIS0 TH 5% (Fig. 3). DSk
10 E£OEAPBE T, FOMICE DX 5 iKW b otk i~ % BH Tt B
oA N IR 20km Witz % levelling route I o TR R file ot ¥
Fo 22 5 T T DYE BAERIC 50 7 DEATN T A% do -2 AL DB 23K GF=e MBI T ic & 0
Tiilebh T2, 3224 20 levelling route DM EARR XM IMCIXK LT O
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Fig 1. Location map of Nankaido Earthquake: Dec. 21, 1946,
magnitude 8.1, depth 30 km.
Real line : uplifted area
Dotted line: subsided area
X . epicenter, latitude 33°N, longitude 135.6°E

§ 2. Levelling Survey

Instrument (3 Fig. 2 i<k X 5 7 Zeiss-Opton Automatic Level Ni 2 (with plane
plate micrometer) % {ili/IL, field work 1%\~ CHEsk Zeiss % X ¢° Wild precise
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3. Result of Observation and Tilting Motion

R AR B O I B BIT s T B RRICH 5 I—EHic oW To kit £ o
|EADNL Fig. 4 R X5 eff A CHEM BM 9184 S &R @ LIcFORET Th

SHIM',DZKXTSUO.

453087 VIRAGAMI

o &SI BM
SHIONOMISAKI o IMA Tk

> URAGAMI
0

o 6SI BM
o JMA TG

Fig. 3 The maps of the levelling route and geology
neighbourhood of the southern part of the Kii Peninsula.
Tu: Oguchi formation (upper)
T1: Oguchi formation (lower) }Tertiary.
Tp: Muro beds (older Tertiary)
Ka: Kumano acidic rscks
Sb : Shionomisaki basic rocks
(after Wakayama Pref.)

}intrusive rocks.
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Fig. 4 Change in the heights of bench marks on the route from Tanabe
(No. J. 9184) to Singu (No. J. 4810) along the coast line (after G.S.I).
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EFITCH L CTIIMEHEEEN AR Lic b O TRUEE A D isnidh &, ik
AL ThD LELTELZ LWL I TS, CANbEA—DHEHEZEWL D 2 2hb
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§4. Relations Between Mean Sea Level and Ground Level

YRR HLANC I 1T B R I AR IE T i & CHUR BB HEF 3 B, ol B i«
AorE mean sea level & ground level & DR TH %S, WEHH SR OWTIET
TRBEEHBESIE L WSS b, e ARFE R OFEEAL 02 L B AR O~

15) Wy A - IR - BJIEE CBNWRCER X DAL B AMUEMIT O AT PR i
METRANMIERS =450




118 M | A
Table 1. Result of Levelling Survey.
4H in 4H in 4H in H in
BM. No. Loc. 1950 July | 1959 March| 1959 Nov. | 1950 obs.
obs. obs. 1953 adj.
m
T. G. Fix Uragami m m 1.956%*
—_ +0.405 +0.4045
4980 m 2.3607
-+7.8189 +7.8158
4981 10.1801
—6.5156 —6.3521
4982* 3.8297
+2.1521 +1.9861
4983 5.8178
4-1.4839 +1.4838
4984 7.3024
—1.5410 —1.5421
4985 Koza 5.7621
+1.8074 +1.8073
4986 7.5702
—1.7439 —1.7449
4987 5.8269
—3.1252 —-3.1278
4988 2.7023
+1.1625 +1.1565
4989 3.8655
—1.0281 —1.0335
9221 2.8379
+0.2747 --0.2743
F. 41 3.1126
—_ -0.928 —-0.9284
T.G. Fix Kushimoto 2.185%*
[GST] [JMA] [ERI] [GS1]

*:
*k

1959 Jan. reestablished, new-old=—0,1645.
1959 TMA obs.

Table 2. Change in the Heights of Bench Marks
(Assum. BM. No. 4980 fixed)

BM No. 1931-1899 | 1947-1899 | 1950-1899 | 1959-1899
mm mm mm mm

4980 0.0 0.0 0.0 0.0
81 - 10.3 + 18.9 + 26.7 + 23.6
82 - 25.6 -+ 40.4 + 46.3 + 42.2
83 - 19.0 + 83.5 + 79.4 + 74.0
84 — 31.6 -+101.2 + 96.6 + 91.0
85 —~ 34.8 +118.8 +$-111.0 +-104.3
86 - 36.8 +105.6 +101.8 + 95.0
87 — 43.2 +127.4 +114.5 +106.7
88 —103.8 +118.7 -+ 92.6 + 82.2
89 — 68.3 +206.7 +162.6 +146.2
9221 - 70.6 +187.0 +144.8 +123.0
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Fig. 5 Change in the heights of bench marks on the route from Uragami to
Kushimoto. (projected on a vertical plane in N-S component)

IRICDONT DRI I 5.1 & O TIIL Wl 213w 2 hik o X 5 i JMA o
mareograph 2EHE XN Th %O CEETE & IR 3 2 0k gk 2 i & Th o
fo. TEE BAROBRIIZIE, S8 b5 mean sea level X b, ik, JANF BRI O WL
oW T 1950-1952, 1956 DL LElnidh % & LT TR Eh T 5125 &
o oG o levelling survey 75 HicZE T & 32 T mean sea level o
FALORPIREBELTRI ).

Fig. 7 i, s L oiegLnititoRBoZHilFio monthly mean sea
level DiERASLTEE L 0 FhFh plot Licd 0 Th %, A& BFLIE annual mean
sea level D7 {LE 5% Lic & o T straight line (%2 holljiHlo mean value Tk %.
Fig. 7 ;b0 FD o L RENDLTHAHS.

(1) AT 1951~1952 35 X or 1955 4 BHiatd b,

(2) WAL 1952 FIRe LB h B,

(3) BlERFRENINE LHEA D LIERATIRZ DMK secular variaton 235

2 S, AN, BTk 1955 Rkt LTELo BT 20 5.
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17) H. YOSHIZAWA, “On the variation of the monthly mean sea level in the western
parts of Japan”, Umzi to Sora, 33 (1937), 34-38.
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Tl ® mean sea level % constant
Nankoido Earthquake L e ground level ®
1900 1910 1920 1930 1940 950 1960 2Lk Fig. 9 oIk (KAL) o
Fig. 6 Amount of tilt during 60 years. X efiimiciny, —75 level-
Upper: Muroto Point, Shikoku Isl. into the southerly ling 753l &2 & hui- B Bhd Bt
dip. - .
Lower: Southern Part of the Kii Peninsula into the #h (B30 0 &5 IRBRICTs 5.
southerly dip. ChaxRTi4 5 5 1951
EORM TR NTHE RIS
7o b1 tide o Fiz seasonal WL DT mean sea level X bl s sHEA
BEEROFEINE— L TCWB EHE 2 b s, R ESEE T levelling 22585 hic
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18) S. YAMAGUTI, ‘‘Abnormal Change of Mean Sea-Water Temperature, during the
period of 52 years (1900-1951)"" Science Reports of the Gumma University, 3 (1954), 1-10.
19) S. YAMAGUTI, ““On the Changes in the Heights of Mean Sea-Levels, before and after
the Great Earthquakes”, Bull. Earthq. Res. Inst., 33 (1955), 27-31.

20) S. YAMAGUTI, “On the Change in the Height of Bench Mark referred to Mean
Sea-Level”, Bull. Japan Geodetic Society, 3 (1957), 69-71.
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Fig. 7 Variations of monthly mean sea levels at three stations
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Fig. 8 Differences of monthly mean sea levels between each two stations.
K: Kushimoto U: Uragami O: Owase

levelling Of5E2 LHET 5 HA A Table 8. Tilting Angle of the Ground

b HWMHOFHRL DO TH LI L
mean sea level 23R oIt X b £5HE
MTHBILTY, L L2z TR
U %2 LC mean sea level o3k
EELOTHCHNEEIPFEL T W B
X ThHB.

From levelling “

From mean sea level

1947 0’. 00 1950 OI., 00 (Assumed)
1950 —0.60 1951 $-2.78
1959 —-1.04 1952 +0.47
1953 0.00
1954 +4-0.45
1955 -+0.54
1956 -0.77
1957 ~1.10
1958 —-1.51
Direction: S 52°W dip.
Distance : 14.5km.
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Fig. 9 Tilting of the ground in the straight line from Uragami to Kushimoto.
(Assumed 1950 fixed)
Direction : South 52° West dip.
Full line : from mean sea level.
Broken line: from levelling.

§ 5. Conclusion

—f3ie 10 EHBAR O X 5 o lilERE Wl o mean sea level ORI, 7oitbic
MR TR R0 5 i, o B& T & L EKIEORB oM ERE: 5 Wik il
M BnT, HETHOREMERZ X234\, L LIERIEMEE L o0 Bl &
NHELIDLEARRDT, ThieFEbh T 2ZETOHINIHF A K & s %8 % F
LT WATHA D LB, ULk LEESIL consistent 123 —F % A\W~C mean
sea level DZELDFHAUL BT K E W, EHLOT 2 Z OWHIFIZ = A ik & LT
WBHEEL DL, NS oFMNbo FHER LS 2E2 5 HFNIMEOX 5T
bid, o IERERRC X AREE T LR EAZ 950mb LToEARE
JA,-¢ monthly mean sea level T XiF$U8ILHY dem Th b, ¥l OZLLEk
TEIER © SR T ST L AN B Sk OEEZ{LIc X % unbalance 25, Wi
¥ % isostatic compensation D7D IELE BT THA 5. ZORRXBH WL ET
MIcEET 5235085, icd 2 WAWATg factor TR D EOTNHETHA
5%, O, BEROL S EERERICSH ST AT BEY Z0 5 Bk EHDT
M, ERMMT A LIXEETH S, il HEik 1950~1952 FHTEIT SR L
B OEEAMNAN R HR Lieh 0 bk, WOk LTH KD M~ 2ERAK
TR0 A OB ERIFINECH L Rl w3 o L BER1SL S
X5 Ths.

Levelling ®#Jll & mean sea level 75 LIcHEEDORRO—HZRLIcOTSH
B2, 0L RKWIRTR S HRbWE, WY OFME QMY & Mo THYINAT & 5 &
Mo s, #hiiicil~<ic X 5 e T & 8 & Z R Eh o v T i
W e BT - 2 & 3T & T,




LR B L O 3R B T 2T 123

) CARTRC b le o TR ERESHHEN BT OS2 TTE 2k, 1
I ORI I BRI 1 A SR X 0 R e iR AR fo. BRI
e oW TIR S SRR R R, TR R BT 5% { QEURE N T2 7
¥, BBLELRCRARURE AT OMZEN L. 22T TROLEHEE R T2
WEECh 5.,

7. Land Deformation of the Southern Part of
the Kii Peninsula, Southwestern Japan.

By Atsushi OKADA,
Earthquake Research Institute.

Land deformation of the southern part of the Kii Peninsula was investigated by means
of the precise levelling survey and by comparing the results of the survey with the
variations of the mean sea level in the same district.

(1) Levelling resurvey:

Precise levellings of the Kii Peninsula, Wakayama prefecture, were carried out four
times during the past seventy years by the Geographical Survey Institute, and a remarkable
land deformation represented by the uplifting of about 72cm of the southern point of the
peninsula has been ascertained as occurring on the occasion of the Nankaido Earthquake.
(Dec. 21, 1946)

In Nov., 1959, the writer repeated a precise levelling of the route, about 20km in
distance from Uragami to Kushimoto in the southern part of the peninsula. The tiltings
of the ground of the area as revealed by the survey are as follows.

Year Mean value
1899 0.00(Assumed)
1931 -1.74
1947 +4.28
1950 +4.12

1959 +3.80

N-S component of tilting
+-: southerly dip

These values are consistent with the tiltings of the Muroto Point, Shikoku Isl. and show
a slight recovery after the large uplifting by the great earthquake of 1946. (Fig. 6)

(2) Mean sea level:

Fig. 7 shows the monthly mean sea levels observed at three stations on the peninsula
during ten years after the great earthquake of 1946, and Fig. 8 their differences. The
annual mean sea level is shown by the dotted line. The difference of the sea level at
Uragami and Owase is constant, while that at Kushimoto and Uragami is irregular.

As already pointed out by some investigators, these differences may be considered as
due to the hydrographic condition of the sea and also to some long period tides, but it is
noticeable that the tiltings of the ground calculated from the differences of the sea level
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show a tendency corresponding to those obtained by means of the levelling resurvey in the

past ten years.

Thus the tilting of the ground in a straight line from Uragami to Kushimoto is shown
Fig. 9, and the tilting angles are as follows.

From levelling

From mean sea level

1947
1950
1959

0.00 (Assumed)
—~0.60
~1.04

1950
1951
1952
1953
1954
1955
1956
1957
1958

0/.00 (Assumed)
+2.78
+-0.47
0.00
+0.45
+0.54
-0.77
-1.10
—1.51

Direction: S 52° W dip
Distance : 14.5 km

Excepting for the amplitudes of long period tidal oscillations (3-4 years), the curve (full
line) in Fig. 9 seems to show a southwesterly tilting of the ground, in the same manner as
revealed by the levelling survey (broken line). The tilting may be regarded as representing
a continuous subsidence of the southern part of the Kii Peninsula in recent years.




