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Some Problems Related to Crustal Movement Observatlons at Matsushlro

N Hamada , \
(Sez'smologiral Division, J.M.A.) l N

-and
S. Kashiwabara ' A
v (Setsmological Observatory, JMA) .

'

Sonie problems related to crustal movement observations “at Matsushiro Selsmologrcal
Observatory were discussed here. It is well known that observations of crustal movement

_in the vault contain various factors which are not directly related to the true crustal movement.

These factors contain instrumental drift, coupling of in'strument to -the ground, rheteorological
effect (ram, temperature, pressure etc.), heterogenelty of the bed rock and effect of under-
ground water. . -
For understandmg the observations and ﬁndmg weak preseismic or postsexsmm change in
strain and tilt, it is necessary to reveal the influence of these factors upon the observatlons
Four.components (two components horizontal strain and-two componeénts tilt) of six components
-of ground strain tensor (ﬁve independent at the ground surface) were measured at Matsushiro.
The measurment was made by some component instruments of different ‘type and’ with drfferent
-principle at different point in the vault.’ Comparative observations show that transducers
of these insturument have enough stabrhty ‘and high resolution for analyzing the data. But

ing to the ground yield the difference in result. The tidal strain and tilt differ more than
30% in .amplitude -at different point. Difference may be caused by the variation in elastic
property of rock, crack distribution and cavity effect of the vault, so it is desirable to use
an instrument of long span for averaging these infliences. i

Temporal variations in amplitude of tidal strain and tilt are studied during the period of
prominent seismic activity for detecting the dilatancy in the crust if existence. More than
20% variations in ar_nplitude of M2 costituent for the north-south strain was found prior to
or after an earthquake in some case. In view of the gain stability of extensometers at time,

it-is drfﬁcult to say that these variations of tidal stram are generated by dilatancy effect or

change.in elast1c property of the crust.
“Analysis of recent data from the extensometer water tube tiltmeter and bubble tlltmeter
show that there is no correlation between variations in M2 constituent of them.
" Temporal variations in amplitudes of tidal strain and tilt may be caused by missing data,"
contamination of atomospheric pressure influence and artificial disturbance during the measure-

~ ment. If continuous and disturbance free data are avallable more precise analysis will be.

possrble . .
Influence of atomspherrc pressure upon ground strain and tilt can be well represented by
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Wlener filters determined by the method of least square.

The Wiener filters for strain and the north-south- tilt' show that two types of deformation
are included in response of the ground to atomospheric pressure. One of them is an instan-
taneous deformation which is proportional to pressure and another one is a nonelastic gradual
“deformation with opposite sense. The nonelastic response seems to related to behaviour of
underground water. )

E

The nonelastic response of -ground should be studled in order to, reveal other problems

- such as the strain step, tidal strain and secular crustal movement.

Secular strains and tilts observed by extensometer arid water tube tiltmeter from 1970 to
1979 are consistent with those predicted as the after effect of the swarm. activity around Mats-
ushiro from 1965 to 1966. But some ambiguity is included in the result of strain measurement

. due to the unstabiiity of silica tube used. Geodetical survey around the Matsushiro area- will

be needed for further study.

Characteristics of strain steps are also stud1ed

in the east-west extensometer récords only. -

In 'm:\my cases, .the str/ain step\occurred.

Observed strain steps are comparable in order with steps predicted from the dlslocatlon

. theory, but they are random in sense with the predicted steps.
generated by vibration and slip of interim hanger of silica tube.

~ Most of strain steps may be
The suspension of the silica

tube should be improved for more precise observation of strain steps.
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Fig. 2-1. Observational vault and topography
around the Matsushiro Seismological Ob-
: servétory.
A, B: Sacks Evertson -type hore - hole
strainmeter. -
Entrance of vault.
Recording room.
Office building of the observatory
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7 774 1Black Shate

Fxg 2-2, Geolog1cal map of the vault. The
velocities of elastic waves for dlfferent .
rock samples are given in the plot
Thé results of . in situ velocity measure- -
ments (by dotted lines) are given by
Nagumo et al. (1967). Dips and strikes of
the crack in black shale are also given.
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the extensometer room. Hatched area

shows the leaked water zone A by
rainfall and old gushing water area C.
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Junctlon of silica” tube. Epoxy
resin is filled between inner and
outer tubes. :

B: Interlm hanger of silica tube
C: Variable capacitance transducer
" at free end.
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by moving float type water tube tiltmeter.
A: Noise generated by opening and clos

' ing of the door. ‘a’, ‘b’ and ‘c’

dicate the moments when observer_-

opens or shuts the door.

.B: Noise. generated by movement of
obseryer.?f Observer enters the_ ex-
tensometer room from ‘a’ walks to -
‘north and reaches ‘h’, then returns
‘to ‘a’ - :

C, D:
the weight of 60kg. Records show
movement of pedestals when observer

. " stepson and gets down the pedestal.

E: Position of observer and doors.
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Fig. 3-8 Schématic circuit diagram for differ-
v _ential transformers used in Sacks Evert-
son type bore hole strainmeter. )

A type circuit was ‘first used for test

observation at Matsushiro, but input *

impedance of solid rectifier'was so'low

that effect of atmosphéric temperature

was shown on the record.

B-type circuit was
designed for. the present study. ’In
place of low impedance -circuit, high

" input impedanceé buffer and active recti-
fier were introduced.

Ctype circuit was used in  routine
observation for Tokai and South Kwanto
regions. In place of voltage controlled
circiut current controlled oscillator and
current amphﬁer ‘and ~ rectifier were
uesd.
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Fig. 4-1.

Records of ground tilt and strain in
rainy season of 1979.

‘North-south strain ordinally shows
extension in time of heavy precipitation
as indicated in the period ‘a’ to ‘b’
and ‘c’ to ‘d’, but abrupt contraction
as the period ‘d’ to ‘e’ was sometimes-
reborded after heavy rain fall.

Precipitation and amounts of leaked
water (hatched part) into the vault
were also indicated.
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Fig. 5-1. Effects of atmospheric pressure upon _
the ground strain. Wind generating A
noise of short period was shown on the
record of extensometer (upper) and on
the record of vertical long. period seis-
mograph (lower). Weather fronts also
causes .change in strain when they pass :’
over ‘the observatory. ' '
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Fig. 5-2. Original records of several instru-
ments. ATM: Atmospheric pressure,
»SS‘.N: North south strain obtained
from silica tube extensometer, SS.E1:
‘East-west strain, SS. E2: [East-west
"strain by intermediate sensor, BUT:
Tilt by bubble biaxial tiltmeter, WTT: .
Tilt by moving float type water tube
Vtiltmeter, DS: Dilatation by Sacks-
Evertson type bore hole strainmeter.
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. Fig. 5-3. Bandpass filtered (3 to 7 hours) re. -
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sure.

Fig. 5-4. Bandpass filtered (10 to 30.hoqr\s) re.
cords of strain and pressure. . Records
show tidal strain and.tilts and semi-

diurnal and diurnal variation of .

pressure.
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F1g 5-6. Bandpass filtered (100 to 400 hours) :
records of strain and pressure.
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F1g 5- 7 Responses of the band pass ﬂlters
used in the present analysis.

Cross correlation coefficients for 'short -
~'period components of strain, tilt and
atmospheric pressure.
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Fig. 5-8-a. An exampl‘e of pressure gradient

. measured along the north south

and the east west line around -
Matsushiro.
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5-9. Examples of frequericy responses of
strain and tilt to atmospheric pressure.
‘a' shows the response estimated by
cross correlation “functio'n and ‘b’ the
one caluclated by optimum coefficients

© of formula (5-d).
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Fig. 5-10.. Original and corrected records of
strain and tilt. Correction was made
by using formula (5-d) and by remov-
ing the.tidal strain and, tilt from the
original records., Local seismicity was
also shown by small open circles. .
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\An example of relative output error
Em vs. filter length M. It is difficult -
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“optimum Wiener filter which repre-

sents the influence of atmospheric
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Fig. 5-13. -Step responses of optimum Wiener
‘filters. They indicate the change of
'strain and tilt at pressure incregse of
1 mb. Influence of atmospheric pres-
" sure will be represented by.the sum.
" of.elastic (a) and non elastic.(b) de-
formation of the- gfouhd. Physical
meaning of non elastic deformation is
not known.
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Fig. 5-14. Observed (solid lines) and calculated
(dotted lines) strain and tilt when ty-
: phoon'passed over the observatory.

Fig. 5-15.

Tidal components were removed from -

the both records.
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Fig. 6-1.  Secular change of strain and tilt .
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dicated by arrows) were removed from
the vault for the fear of undesirable-
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Fig. 7-2-c. Spectra of moving float type water
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Fig. 7-3. Spectra of extensometers for the
period of 8 and 6 hours. Prominent
peaks around8 and 6 hours suggest some_
influence of atmospheric' pressure upon .
the ground strain. Difference in spectra
due to the different record lengths
were also shown. ' '
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Fig. 7-4. Difference in amplitude of M, for
. the north-south strain determined by

"the least square’s method with different
combinations of tidal constituents.
Each point was determined by succes-
sive 696 hourly data. The results are
arbitrarily shifted for convenience as
shown by arrows at left side. Varia-
- tion of M, seems to be independent to
the number of assumed constituent.
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Fig. 7-6. Comparison of records obtained by

the -silica tube extensometers and the
laser extensometer. ‘Experimental ob- .
sé;vatior{ of the laser extensometer was
- done at Matsushiro. by the National
Research Laboratory of Metrology.
Signals were divided into three frequen-

‘cy bands.” Long period components
show the 1nﬂuence “of atmospheric pre-

‘ssure’ upon the ground strain.
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Tab. 7-1. Comparison of tidal constituent
obtained from silica  tube extenso- .
meter and laser extensometer.

 Tidal Amplitude - Phase
|Silica|  Laser | L.s. S.-L.
M, |0.621] 0405 0.652 | —1.38°
0, |0.128] 0.105 0. 820 —5.96°
Se [0.364| 0252 | 0692 7.66°
K, |0.227] 0.156 0.687 4.90°
_‘unit ; x 1078 mean : 0. 674
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Flg 7-7. Comparison' of .east- west strams re-
corded by.the silica tube extensometer. -
" Parallel records show output of free
end transducer (solid line) and that of
intermediate transducer (dotted line).
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Tab. 7-2. Values of, amplitudé and pha‘sé for tidal strains and tilts. '*Arb‘out, bqe year records -

from Jan. 1 1979 were used in the ana1y31s The time origin of phase is taken at o

]an 1, OOh 00m 1979.
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Fig. 7-8. Result of successive analyses for M;
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plitude ‘was determined by the least
square’s method from successive 696
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Fig.b 7-9. Results of successive analyses for O;:
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F1g 7-10. The results of analyses for M; am- -
plitude from various data lengths.
Lack of data indicated below causes
unstable- results. Some -interpolation’
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determine tidal amplitude from short
data. )
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F1g 7-11. Temporal variations in tidal strain

amplltude in the period of promment
seismic activity near Matsushiro.
Daily frequencies of local events ob-
"served at Matsushiro (MAT) and at,
Hoshina (HS) were ‘also shown. Solid
"circle on the map represents the epi-
center of the largest ‘event and open
circlés show epicenters of felt shocks.
Stations used in locatlon are glven on

the map..
MAT: 'Matsushiro selmologlcal obser
vatory.

NG : Nagano Local
Observatory (J.M.A).
-~ OM, HS, KR: Satellite. stations of
' . Hokushin" Miérp earthquake
Observatory of ' E.R.I. of
Univeérsity of Tokyo.
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Flg 7-12. Temporal varlatlons ‘of tidal strain
amplitudes. from July to Sept. 1971
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Fig. 7-13. "Temporal variations of tidal strain "
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Jan. 1977 to Dec. 1978 at Matsushiro.
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resultant strain 'is much smalier than
 the secular strain. ‘

LMY, BIUHLOBYRELILEDTHD. Step

DMBOE iR T H - 1o [l
OREET, @ERCIKIS, Step kS,
BIoI5rFEEL VD,

R, MROBEMOHAE, 197854, 5,10,
nHo;5L%5ﬁﬂk%¢bfk%mﬁm%?éﬁn
ﬁ@b,@%ﬁFDﬁUD@ﬁﬁﬁ<& FOBE KT
BT LD CHEACEH L5 THE. KEEOLLAR
£ 19784 4 HEEM HAE S Te-TH Y, Step o Fekik
WD RBD bR D. SR TRLEBOR IV
EHROBEMOEE, 24T, 13x10° BET, X
EEEOBR YT 5 LTI, MECRBRY. BEIOR
éht Step DT, Step NHIBEOEFE D] %’z%}i@%
Lcdb DT, B [7x] ThHAEH%HE <
NETHEOTHS BWE (741 OFEEEANEEH
By, WAL (1975), #A 1971 BT 5Tl
6l5h,ﬂL£$RL@ﬁ©t/# R, BEE

KB IOy 20D 2
A

— 30 — -



BRI D MRS T 5 BRI DV T —— U - AR 79

16%train . . °
78] . °

$S{100m)

. o
o 50 om .

25 50 75 100 +10%strain
DT2(456m) -

" Fig. 8-4. Strain steps recorded at free end vs.
S steps r’écorded by intermediate tran-
‘-sducer (DT2). Displacements of tran-
sducer seem to be proportional to the
span, then the observed strain does not

" depend on the span of transducer

R&?%b&#%ﬁf%%&%z%ht

2). iy -k B Step o HEHN .
e v, EBF T v ARACEERKE, =
THBTFFBHRE M. Sl v, 155
DICBRTH D f;&bZﬁngR@EM’Fﬂgx_ DB E
LEZXLRD. EB T v AOBERIE £50 pm, 5
fifke 0.05 um T, BHEME, BEHMCO W TTERD
AR e IR TS, :

Fig. 8-4 13+ v 4 — (DT2) & S v+ — (SS)

i CHM X h % Step BOBIFARLISDOT, T

BCHRALLEARIA TS, FRIEENEL VS

BuBibL, BHERE, XEREDO TS, TR

pai> Step DIRIEAMMEICILAIT B 2 &2vbns. ¥
Lt v AR—FHLT\5. DT firkigEsd. 5my
F\ oI % D Step BT FRETH o7, 5 U
NI Zo0 Step IOV T, 3HEOOTRED L
PR Ule. (B« v — O EEE e L
THs. fRE, Ry, EfRRL Step EXLHAT S
_&%T?

Lihs o CHEIS 5. Step LIE%%?@? TR B,
- W%@ﬁvkibi?é&u%x%hKM_&
DI & T o7z,

3 ﬁE%TW&DﬁV

Step »3ELGT 2SRy [ 4] Li3% 2 Bmw Z &
pb, Step OIRME, HEEAHEOWIE T F L bW
éﬁé#%&,E@ﬁE%ﬁ?%m,
etk

AR I B A A BRI & 7 L B S
hatRCETHE X —v@ﬁ&ku %ﬁ,
(1975) DI T ‘

CTEN,

—i, BETBC 7

teEE

L

Relation between J.M.A magnitﬁde
and seismic intensity measured at
Matsushiro for local event. Solid cir-
cles show local events from Jan. to June
1966, and open circles show those from
1977 to 1979. Magnitudes of felt earth-
quakes seem to be larger than 2.8.

Fig. 8-5.

NSRBIV THIE S 7 4 — & kKD D
LWRRREECH B DT, uT@&ﬁ%%LTA7X~ﬂ‘
—wHELL.

a WL, BA : o

BRI REENO LML, FERETHD
ZLOPEFER L DL Tk Y, EHEH
FEF s HF DL LTl o &8, @H1976)
X DMES TS, L, EHIL0LE M NSSSW
OEKTHhEENZEY B h T\ 5 Nakamura et al.
(1976) & LicEhsh. fEx oM NS°W 0 i3
REB R RE L. o

b WEOKREILEM

Fig. 8-5 i, Rt BoOBED) &~ = %J~FU®
DB AR, BIAITI9664~1~6 A, EALI21977~

197HEDERNE £ 5. s B CREE 1 DMED < 7

=Fa—Fit, M=2.8 Liftgshs. ~7=Fa—F
LI RS DBRICRAA - B (1970) o (8-1) -
VB E, M=2.8 THifgoRx L=1km Lig%.
M=-84+2 2log L / (8-1)
FOMD AT Az = UTHIEO 0.5km, 25
B 2cm, WiBOHS 2km w{EELL.
BFCoWTix, TECHVWERHECI Y BikEL
. B OBER, B o JLH MK 5km OREBHMINE
k%fﬁ U ) BHPHEEEO B o ‘%‘é_l‘ﬁvlla Be
PE. DLEHEE LA 4 — & — R N CED A % —
SR UEBC BRI S h 7o Step 1o L 3 Fig.
8-6 ¥ X Uf Fig. 8-7 WiRL 7. WAMT D Step 13,



80 o o B OM OB

NS STRAIN |
.

Fig. 8-6. North south strain field -expected
from dislocation theory. Sohd and open

circles show observed extension and o

contractlon, respectrvely Events with- .
out stram step were indicated by open
circles thh Cross.:

Same source parameters (fault length
=1km, - width=0.5km, dislocation=2
cm; fault depth= 2 km, N45W vertical
strike slip, left lateral) were ‘assumed
for all the local event. -

] SKM

© EXT

. EW. STRAIN L] @)

‘ F1g 8:7. East'west strain field expected from
’ . the dislocation theory for the same
source parameters used in Fig. 8-6. It
seems dlfﬁcult to explain all thé ob-
served strain steps by. the SImple dis-
location theory. -
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