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Observation of Crustal Deformation at
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This report is the third report on the continuous observation of crustal deformation
at Erimo.

According to the observational data of the water-tube tiltmeters and the silica-tube
extensometers during about 30 months since the beginning of the observation, the fol-
lowing results are obtained: the secular variation in the tilt of the ground showed the
northdownward direction with a constant rate of about 2X1077 rad./yr. since the begin-
ning of 1973. The variations of linear strains in E-cp and E-EF components show the
contractive strain accumulation with a constant rate of about 1~3X1077/yr. since the
middle of 1972. On the other hand, as for E-AB component, the rate of the strain accu-
mulation has got up to 1.2X107%yr. This rate is too large compared with the other
components. So, this component is even now suffering from artificial disturbances.

The remarkable strain steps associated with the Earthquake off the Nemuro Peninsula
M=7.4), June 17, 1973 were recorded by the silica-tube extensometers. The tilt steps
were also recognized by the observations of the water-tube tiltmeters. The magnitude
and the direction of these steps are consistent with the theoretical ones based on the
fault model of this event.

All components in linear strain show the clear correlations with atmospheric pres-
sure. In the case of high atmospheric pressure all components in linear strain are con-
tractions and the amplitudes are 9.3X107%mb in E-AB component, 1.43X10~%mb in E-cp
component and 6.4X107%/mb in E-EF component.

From the repeated surveys of the base-line network by electro-optical means (Geodi-
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meter 6 A-type) it was found that any strain accumulation larger than 2X10-%yr. was
not progressing in this area during the last one year.

The first precise gravity survey was carried out in October 1973 along the precise
levelling route in the vicinity of the observatory, for the purpose of studying the rela-
tion between crustal deformation and gravity changes.
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Pig. 1. Upper part; monthly mean values and secular variations (bold lines) in the three
components of the strain observed by the silica-tube extensometers and the re-
sults of the two-dimensional strain analysis referred to January 1973. Lower part;
monthly mean values and secular variations of the ground tilt observed by T-AB
and T-CD components of water-tube tiltmeters and the vector diagram of the sec-
ular ground tilt from January 1972 to January 1974. Secular variation is obtained
by the running average for successive 12 months
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Table 1. Monthly mean values observed by the water-tube tiltmeters
referred to the value of June 1971 and the silica-tube exten-
someters referred to the value of August 1971.

T-AB T-cD E-AB E-Ccp E-EF

1971 June 0 0

July + 162 +181
Aug. + 229 . —187 0 0 .0
Sept. + 5% + 33 — 404 — 330 —240
Oct. + 621 + 63 — 854 — 487 216
Nov. + 59 - 3 —1090 — 647 —160
Dec. + 682 — 46 —1434 — 983 —113
1972 Jan. + 780 —185 —1684 —1192 + 9
Feb. + 862 —149 —1796 —1363 0
Mar. +1039 ~139 - —1956 —1316 — 38
Apr. +1177 —153 —1972 —1290 —107
May +1082 —192 —2296 —1453 —~116
June +1124 ' —179 —2452 —1438 —249
July +1186 —121 —2819 —1421 —299
Aug. +1058 -5 —3363 —1684 —234
Sept. | +1091 - 5 —3479 —1762 —284
Oct. - +1365 S 4128 —3434 ~1389 356
Nov. +1448 + 9 —3449 —1384 © =391
Dec. +1560 .+ 30 —3507 —1214 —498
1973 Jan. +1576 — 89 —3799 —1433 —570
Feb. +1501 —211 —3996 —1685 —624
Mar. +1516 —269 —4019 —1748 —734
Apr. +1583 —373 —3957 —1740 —649
May +1505 —311 —3801 —1459 —505
June +1507 —375 — 4202 —1571 —456
July +1356 —294 —4645 - —1581 —719
Aug. 41039 "-204 — 4806 —1681 —763
Sept. +1241 | - 30 —4672 —1240 —887
Oct. +1417 — 52 —4848 —1357 —846
Nov. +1594 - 72 —4778 —1277 —819
Dec. +1652 —137 —4921 —1373 —762

+; NW down in T-AB, SW- down in T-CD and extension in strain’
— ; NE down in T-CD and contraction in strain
unit; 1X10~° rad. in tilt and 1X10-9 in strain
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Fig. 2. Time variations of the monthly rates of the strain accumulation
and the tilting in NW-SE component.
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Fig. 4. Secular variations in the three components of the strain observed
by the silica-tube extensometers and in water-discharge from the
observation vault.
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Fig. 5. Variations in the residual strain corrected for the secular change
and in the water-discharge from the observation vault.
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Fig. 6. Relationship between the strain changes in each component
and the amount of water-discharge in case of the decreasing
water-discharge.
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Fig. 7. Time variations of the tilt observed by the water-tube tiltmeters and
water-discharge from the vault.
Thin line; running average for successive 15 days
Bold line; secular change
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Fig. 8. Annual change of the ground tilt observed by water-tube tiltmeters
and variation of the water-discharge.
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Table 2. Readings of the displacement indicator after the event.

E-AB E-cp E-EF
max. min. max. min. max. | min.
1007 | 85y | 421x | +07x | —102p —85p
. —10.3 —8.1 +2.2 —0.6 -~ 98  —86
Reading value !
—11.1 —7.8 +3.2 —0.2 — 98 = —88
—11.3 —7.3 +2.0 0.3 — 9.3 . —80
-—11.5 —7.2 +2.2 +0.3 -~ 96 |, —89
Center of oscilation —9.3p +1.2p4 —9.3¢
Position before shock : —1.0 —1.1 +0.6
Step amiplitude —8.3 +2.3 —9.9

i

$&MN WiRAS A . Eﬁh}wh \

o
ia)

Fig. 12. Reproduction of strainmeter records. Double circles indicate the
values read by the displacement indicator.
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Table 3. Observed strain steps associated with the main
shock and the largest aftershock of the Earth-
quake off the Nemuro Peninsula, June 17, 1973.

Event
C t
omponen Main shock Aftershock
E-AB —2.77X10-7 —1.67%X10-8
E-cp +0.77X10-7 +1.07x10-8
E-EF —3.30x10-7 —0.83 X108
(4 ; extension, — ; contraction)

Table 4. Tilt steps associated with the main shock,
observed by water-tube tiltmeters.

T-AB 1.28 X 10-7 rad. SE down

T-cD 0.37X10-7 rad. NE down

C down T-CD Eq.

(N T

¥ 0on2"
WVMMW““ ﬁl\gykl vﬁj\l\l\y i/ _
BT\
N, . ‘

1 JUNE 1 17 2] I JULY
1973

Fig. 14. Tilt variations before and after the main shock observed by water-tube

tiltmeters. A solid line and a dashed line indicate the mean value of ten
readings before and after the event, respectively.
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Fig. 18. Arrangement of base-lines (solid line) set in the vicinity of the
Erimo Geophysical Observatory and the gravity points for precise
measurement along the levelling route.
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Table 5. Base-line lengths, differences and accumulated linear strains
observed by repeated surveys.

Base line Distance géi?ft?g(rlx Difference Strain
1 5464.709 0.001
F-S : n o +0.005 m +0.92%x10-¢
2) 714 0.003
1) 5325.103 0.002
N-8 -+0.044 +-8.26
2) 147 0.004
1) 7180.738 0.004
R-8S +0.004 +0.56
2) 742 0.005
1) 3895.494 0.003
N-H —0.006 —1.54
2) .488 0.006
1) 6739.726 0.003
R-N +0.006 +0.89
2) 732 0.009
1) 4589.232 0.004
R-H +0.001 +0.22
2) 233 0.003
1) 4798.163 0.004
R-E +0.029 +6.05
2) 192 0.005
1) 8189.258 0.006
H-E —0.010 —1.22
2) 248 0.004
1) —
N-E
2)  11280.868 0.003
1) Oct. 16 and 17, 1972 2) Oct. 15 and 16, 1973 (4 : extension, — ; contraction)
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Fig. 19. Results of the repeated geodimetric
surveys.
Abscissa; direction angle of the base-line
from the north
Ordinate; observed strain
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Table 6. Results of precise gravity measurements near the Erimo
Geophysical Observatory.
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[Z A H Gravity | Observed | Normal | Bouguer

No. of B.M. N E (m) difference value value anomaly
E.G.O. 42°0170 143°09'7 40 0.000 | 980,340.929 | 980,360.54 —11.75
8008 01’5 08’4 19.1574 7.207 348.136 360.63 — 873
8009 00’6 09’2 15.1561 6.488 347.417 360.02 - 9.62
8010 41°59'8 10°0 18.1442 5.246 346.175 358.81 — 9.07
8011. 42°0071 1174 42.0642 1.906 342.835 359.33 — 8.22
S.F. 245 01’1 123 81.0662 —0.912 340.017 360.74 — 4.78
8016 01’8 168 26.7598 18.436 359.365 361.80 2.83
15-097-004 41°58'2 110 14.908 3.561 344.490 356.46 — 9.04
-006 576 12'3 53.260 —4.168 336.761 355.59 — 8.36
-008 5679 13’2 14.842 3.016 343.945 354.52 — 765
-010 56’6 140 55.773 —5.099 335.830 353.98 — 7.18
-012 56’2 14’6 22.268 1.692 342.621 353.46 — 6.45
-014 57’4 14’5 24.757 2.809 343.738 355.29 — 6.69
-016 58’3 14/7 14.665 6.906 347.835 356.61 — 5.89
-018 59’3 151 7.805 9.373 350.302 358.11 — 6.27
-020 42°00°0 154 6.418 12,531 353.460 359.12 — 440
1 Triang, Pt gyo5506 147 | 7003 | —9481 331448 | 35257 — 7.36

WA,

2 Y bMB BT AEIEENED
HIMALLT, 19734610 A, 29 %
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LHREBHRAFCST2ENES X
0¥ Bouguer £ EAHEH L.
{ Fig. 18 CPELSOSHBE T, W
TEGENFT RN OE S & (ER) &
HEEL, 0816 BRI 1I8HD2
_AMsE L. 81 H BB s
| BRI - TEAM No. 772 K E %
oAb, ZRg2ARRBEWS S
B.M. 8016 % ZH L CHERIZH WV

B. M. 15-097-012 ©&E B4 — b C, L HIES 3~5BDFHEL b ik bHEBEBEL T o7 ok
BB TRCELF ETCHilsbh, HEKRORZR, BREESIVCEBOBI ORI IARELE

Fig. 20.

Bouguer anomalies (mgal) near Cape Erimo.
Double circles are the observation points of
the present survey and open circles those of
G. S. I (1952).
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FL BHFOBHEOMIEY, BEHOHRERE % 0.3086 mgal/meter & L, F MW O
Eix, BEHOBMYEHY 120 LREL THhThMIEL. EHFHOFY 7 Mid, BRHL
ERHTHHEREL, RPARETROLALFY 7 PREACTHIELL. ShbOHE
BB RS X CEOWEEOE 5o & i bR b ElHZE, #1AH, 200
o EF % 0.026 35 L 080019 mgal T3H - fe.

FREATDO, 2 SHWBREBBRNATCKT2ENE, ENEANE, BERNER X OHE
DEE % 267 gr/ec & Lﬁ:& D Bouguer EEAE (%%?Fﬁﬂﬂifg T i) % Table 6 1T
Rt EHEHER,  JeREEER 3 S8 3-105 B ENOE S A (REHR) OfXE % 980,491.250
mgal & L L EDMETHS. FRPUERADEHER 1972 FEFHREOMETH 5. HWIFAERN
X % 1952 F D PWERLR '[Geographical Survey Institute (1955)] 4, %% T Bouguer %54
i< & Fig. 20 © 512 5.

SHBIAPERGY IDICERL, X VEBOEIMEENEL EPICERL 10, BHo
FLCERE LY - TR &0,

3 ¥ & B

BB D 1973 F 125 £ T30 SoBBRKRC I 2L RO 5 RS 5.
EAREALIY, 1973 SFTiX, A%BHIS BN E < e b, T-as, T-cp B4 3T 2X1077
rad./yr. TILF D OB R 1778 > T D, (LTI, E-AB BT E 72 ABMIH B T
WaEEZbRD. Ecp i, E-EF AL, $1~3X107"/yr. Dffkt v A OEERE L e
S5 TWBH, ThIZHOXFER L Rice .

BB S A, LUMCIXZ OO & R 2HHEYRT X 5 TH 5.
LA, BARES 100 co/s DUT COWMA R, BRS £EKEE L MHEL L oM
CIE OB G AR DR 5. Bk 1 cols DEALICHEL, E-AB 4TI 61x107%, E-cp &
TR X B 60 cofs IR TH AL E 230 2358 5 4, 50 ce/s DL DBz IE 54X 1079, 50 ce/s LA
TCi%22.0%107°% E-EF f 20 Tt 1.4X107° DZE(LIL s 5.

1973 4. 6 A 17 H o =2 BB 124 5 B/ Strain Step % X 7 Tilt Step N B Fl 2 h
. Thbofilk, ZoMBONEE 7 VICESEEBNCHF IR O LAABTH 1.

KBREOBFRC L Y, = OHEOKIMS ORME TILEE 1 M Ts < & b 2X107° &g
2 DEDEHEAE TS D bR, KEE DL 5 130 o> i o BB I B S 1 5.
BRI, BREOBCHEATH D, TORE XL, E-AB 5T 93X107% /mb, E-cD B4 T
1.4X10~%mb, E-EF B4 C 6.4X1072%mb T3 5.
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