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Deformation of the Base-line Nets around the Kitatake

ses

and the Enmeiji Faults, South Kanto District
Kazuo Iwasaki, Kazuyasu Katsume, Yoshinori Mivazawa and Eizo MATSUDA
Abstract

The Kitatake Fault, trending roughly east-to-west across the Miura peninsula, is a
remarkable right-lateral fault whose offset of ca. 200 m has been accumulated during the last
1 ~2 X 105 years. The Enmeiji Fault, trending also east-to-west across the southern part of the
Boso peninsula, is a dip-slip fault and had moved about 1 m in the south-side-down sense at the
time of the Great Kanto Earthquake, 1923.

Across these faults, geodetic networks, each of which consists of a diagonal trapezium

with dimensions on the order of 50 ~ 150 m respectively, were set up to measure the amount
of deformation and fault-slip by repeated annual triangulation and leveling. Each station
made of ferroconcrete was fixed as a permanent marker in the bed rock exposed. Because of the
mountainous topography only one side-length of each trapezium was measured as the base
line distance, by inver-wire scale. The error of the length is less than one by a million. Other
bench marks were connected by means of insert-angle observation with the WILD first order
theodolite to reduce the standard-deviation less than 1 sec. Vertical differentials were measured
by means of the first-order leveling or the indirect leveling with vertical angle method.

Since 1970 when the Kitatake net was installed, measurements were made four times
annually, From the fourth (March, 1973) to the first (March, 1970), the following changes
were observed: the ratios of distance change are —2 ~ 3 x 10~% (shortening) ; the ratio of area
change is — 5.8 X 1075 (contraction); the direction of least principal strain axis show NW-SE
or N-S; the maximum principal strain &, is —2 X 107% and the minimum one &, is —3.7 X
10-5 on the average value; and the maximum shear strainis 1.5 X 1075, All of values mentioned
above is the average of four values from four triangle segments obtained from the single diagonal
trapezium.

The direction of strain axes and the tendency of contraction of the Kitatake net are
consistent with those of the regional triangulation nets around South Kanto. However, the
magnitude of the strain rates at the Kitatake net is much larger than those of the regional one.
Such large strain rates in the present area may be attributed to the effect of broad shear zone
of the Kitatake Fault. Though the sense of lateral slip of the fault, if present, during this period
may be judged as right-handed, the amount of it is so small that the fault is assumed to be actu-
ally locked.

Comparing the fourth (March, 1973) to the second (June, 1971) observations of the
Enmeiji net, following results are obtained: the ratios of distance change are about —2 x 10-5;
the ratio of area change is —1.7 X 10~%; the directions of the principal strain axes are rather
random; &, is +1.5 X 107% and &, is —2.8 X 1075; and the maximum shear strainis 2 ~ 5 X
10-3, respectively on the average. The sense of lateral slip of the fault could not be judged within
the resolution of the data.
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1R =HLREREBANARE L EESHAEATERE
BwOW O’ I I I v
W B X (69] {éd) [09] (os] [CL) (64 (é5) (64)
Rl A | A& iJ n—1 i\/n(n—d) :t\/ n—1 i\/n(n—l i\/ n—1 i\/n(n—l j:\/ n—1 i\/n(n—l)
7 14 ” ” ”
1.2 ® 0. 741 0.185 1.027 0.208 0. 545 0. 136 0.577 0. 144
1123/ @ 0.831 0.208 0.715 0.179 0.718 0.180 1. 351 0.338
1.3 1.016 0.254 0. 926 0.231 0.702 0.176 0.578 0.144
.21 ® 0.787 0. 197 1. 606 0.402 0. 833 0.208 0. 541 0.135
21 23|® 0.744 0.186 1.577 0.39%4 0.752 0.188 0. 702 0.175
1.3 1. 036 0.259 1.202 0.310 0. 544 0.136 0. 548 0.137
.21 ® 0. 755 0.189 1.029 0.257 0.637 0. 159 0. 590 0.148
3123 0. 564 0.141 1.316 0. 329 0. 524 0.131 0. 580 0.145
1.3 0. 666 0.279 1.211 0. 303 0.722 0.181 0.559 0. 140
.21 ® 0.828 0.207 1.064 0.266 0.635 0.159 0.584 0. 146
4| 23|® 0.892 0.223 1. 353 0.338 0.79% 0.199 0. 521 0.130
1.3 0.784 0.198 0.988 0.247 0.461 0.115 0. 639 0. 160
mrsmnn | +y-L00 = a5 +£=0.796 +=0.961 +=0.326
4X2
ok LRERBEIERE
s 1=1970, 3 I =1971. 3 M=1972, 3 V=1973. 3
No.| S ds | /S, (%) S, ds | 4518, (%) S, ds | dsfS, (7_15) Sy ds | 45/S, (%)
m mm Vi m mm B m mm Vil m mm Vil
0 |49.85832] 0.09 55.4{ 49. 85862 0.02 249. 3 49. 85695 0.03 166. 2| 49.85664] 0.02 249.3
1 | 89.30521}—0.21 42. 5] 89.30435—0.35 25.5| 89.30331|—0. 11 81.2 89.30365-+0.15 59.5
2 |114.533984-0. 42 27.3|114.53153/+1. 17 9.8]114. 53103|—0. 03 381. 8]114. 53119—0. 19 60.3
3 | 87.37271{+0.09 97.1| 87.37247/4-0. 13 67.2| 87.37002|+0. 18 48. 5| 87.37046/—0. 06 145.6
4 |142.74967+0. 13 109. 8/142. 74707+1. 13 12. 6/142. 74638(+0. 02 713.7)142. 74615/+0. 25 57.1
5 | 72.02850/+0. 10 72.0| 72.02728+0. 52 13.9 72.02630|—0. 10 72.0| 72.02592|—0. 32 22.5
OV.M M=1/126.27 M=1/466.07 M=1/422.57 M=1/289.975
' m=1/ 86.975 m=1/315.675 m=1/283.377 m=1/195.677
(4 ) So = INVAR Base Line Wire filE. s No. 1 ~5 = BEAZSNEHE
(£ DH3)
) 1 (1) So No. 1 ~ 5 = BRETISE, 4s =5— S, 4s/So=REHD1 (FH),
3 So: 4s = Tojn.
5 M = Probable error =+ \/ [69) 0.6745,
4 aln—1)
O m = Standard error + :\/%—5:5“%—
(3) 2
(2)
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bl I1=4543 A I=463 A =473 A V=483 B
R X Y X Y X Y X Y
(1) 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000, 0. 0000 0. 0000
(2) —43.9114] —23.6144 —43.9119] —23.6140] —43.9099, —23.6145] —43.9097] —23.6141
(3) —36.7918] —137.9269, —36.7919] —137.9241] —36.7901| —137.9240, —36.7900 —137.9238
(4) +15.1380] —88.0129 +15.1378) —88.0119] +15.1376] —88.0110] -+15.1377 —88.0114
L} I—1t I—1 V—1
J=4 4X 4Y 4X 4Y 4X 4Y
(1) 0.0 0.0 0.0 0.0 0.0 0.0
(2) —0.5 +0.4 +1.5 —0.1 +1.7 —0.3
(3) —0.1 +2.8 +1.7 +2.9 +1.8 +3.1
(4) —-0.2 +1.0 —0.4 +1.9 —0.3 +1.5
a4k ZWEREEDY BEAE, BERRBICEHE
- 452 3 A 4652 3 A 47 3 A 48 3 A 4k

l w

I I I ¥ I—-1|%¥-1|I—0 | V-1 |V—-I V-1

m m m m mm mmy mm mim)| In.1m mm
(1) 55. 3050 55. 3050 55. 3050 55. 3050 0.0 0.0 0.0 0.0 0.0 0.0
{2) 56. 9843 56. 9826 56. 9824 56.9837 | —1.7| —-1.9| —0.2| —0.6| —1.1| +1.3
(3) 49. 5984 49. 5998 49. 6007 49.6003 | +1.4| +2.3| 4+0.9| +1.9| +0.5| —0.4
(4) 56. 1638 56. 1644 56. 1658 56.1658 | +0.6 | +2.0| +1.4, +2.0| +1.4 0.0

tm= m mm m mm m mm m mm
100:0.6 100:0.4 100: 0.5 100:0.1
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L. BEHES L OREERFEL1-2,82-20L80,
rhiganse (ERFEZE) IKBVTI0JF ~ 300550 1 iz
ETEn, MoAREABNC L VEH LTS
B, HEOBWICKTHHE I mmllNERLd X 5%
BB CENIARIC LD, ZONRBEOERER
iR T, 1mmzi107°® LY, Lo CEEE
1340. 5~ImmMPR & DHFERIT & B K EEBNENT DRREEC
»5 (HTIBESEROREMIC >V TIRBISESE, A
BIRIEIC X B IUNE BRI OB R ).
SWEBEICBWT, BENER AGA- Geodimeter
6-A L AGA. Model 700 |z & 3B HEER 21T -
TeASED (W B B BIREERR), AWKEDC LY
{23 ~5mmd+t 2 X107°D DFEEEMETH Y, ZOET
EHROBE LE LT 5REIITE L 8. —g10km
W) W, REEH SV —T B THREET 5.

WS DA B HIIE I e AR R & v 5 2 & 28, it
REOFHEL LT 5.

iz 317 B B4 E O W BREREE, 2 BREICHA 7207
JB DEALE DT O S EH SO REIIX, &
K7PEDC X 51007750 F (10km: 1 cm) DOFEREE &3k w
HZ LA THBHR, HE | nmpiA OEERRIL IR
HLELNS. 2 OHMINERE ORlc £S5 TEH
Uiz, #HEZ L Egodb®, EaFEREo “KFEO
FTHE” PHIBEEE LI OO/ Lickbi
EZEI0R, FRRIZRLTH5. AOE{rLRD
BB L WREL) HRD B RIWEIC >V TH
B U728, Wi, S EREOHBNT LT3,
BFHEEA (1969) @ J. C. ¥=—HFizis< iHEtic
TVEHUEEL > THEBEOESERETLS. 20
EEIMBEAE OEE L A AP OE 2 EERE I
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BEREDTRAR BE2B%E % 2 %)
E5R BREGTER/RPBEUAKE L ETEHAATERE

B W % 1 | I | I | W

W || K [99]) [60]) [65) (6] [66) {60) [66) [40)
Bl A | A + n—1 + n(n—1) + n—1 + n(n—1) + n—I1 + n(n—1) :‘:\/ n—1 + n(n—1)
7 7”7 ” ” ” 7 7 7
1.2 0.948 0.212 0. 545 0.136 0. 657 0. 164 0. 900 0.225
1 2.3 1.084 0.242 0. 866 0.217 0.609 0.152 0.948 0.237
1.3 0. 464 0.116 0.716 0.179 1.140 0.285
1.2 1.143 0.256 0.831 0.208 0. 683 0.171 1.247 0.312
21 2.3 1.292 0.289 0.770 0.192 0.683 0.171 0. 766 0.191
1.3 1.136 0.254 0.592 0.148 0. 654 0.164 0.538 0.134
1.2 0.899 0.201 - 0. 826 0. 206 0. 597 0. 149 0. 605 0.151
3| 2.3 1.486 0.332 0.710 0.178 0.753 0.188 0. 885 0.221
1.3 0.765 0.171 0.407 0.102 0.785 0.196 0.535 0.13%4
1.2 0.771 0.193 0.493 0.123 0.539 0.135
41 2.3 0.725 0.181 0.974 0.243 0.751 0.188
1.3 5 0.716 0.197 1.133 0.283 0.575 0. 144
W ” ” ” ”
EEBmEE | X ) =1.275 +=0.345 +=0.449 +=0, 507
EoR EMmM ST EBRMBEIEREE
s I1=1971. 3 I =1971. 6 M=1972, 3 V=1973. 3

No.| S | 4s As/So(%) S | 4s | 4siS, (%) So | ds |4siS, (%) So | ds | 458, (%)

m mm) o m mm| mm

Bl m Hl m

0 | 74.89811) 0.04] . 187.2 74.90130, 0.04 187.3) 74.89912] 0.04 187.2 74.90056/ 0. 03
1 | 71.18131]+1.29 5.5( 71.18070+0. 30 23.7 71.18107|—0. 17 41.9 71.18200—0. 04
2 | 78.44941|—0.61 12.0| 73.44875—0.15 49.0| 73.44643—0. 03 244. 8| 73.44654/+0. 06
3 |107.36760—0.20 53.7|107. 36686|—0. 06 178.9/107. 36509|+0. 01|  1073. 7|]107. 36566|—0. 14
4

5

mm!

110. 54964{+0. 76 14. 5(110. 55127|-+0. 23 48.1/110. 54936]—0. 16 69. 1]110. 55144|—0. 34
88.72692/+0. 48 18.5| 88.7257340.27 32.9) 88.72482/—0.22 40. 3| 88.72590|—0.20

B
249.7
17.8
122.4
76.7
32.5
44. 4

0:M M=1/367.177 M=1/301.577 M=1/452.577 . M=1/282.57
’ m=1/247.2757 m=1/212.87 m=1/927.07F m=1/141. 075

(4)  So=INVAR Base Line Wire i, s No. 1 ~ 5 = ARSI (L0550
Sy No. 1 ~ 5 = i@, 4s =s— Sy, 4s/So = WRH D1 (FF4), So: ds = Ldln,

M = Probable error J 098] (6745, m — Standard error + «/ o1
n(n—1) n—1

@ T
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FIHR ERFEFELREERES XCEML—BX

1 =464 3 A 1 =464 6 A I =474 1 A ¥ =484 3 A
)’1;‘,‘ -

X Y be Y X Y X Y
(1) | —50.4188 +93.2235 —59.4181 +93.2260 —59.4187 -93.2282 —59.4194  +93.2253
() | —70.8929 +19.2006 —70.8924] +19.2088 —70.8903 +19.2078 —70.8903  -+19.2083
(3) 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0.0000
(4) | +11.5684] +87.9695 +11.5682] +87.9683 +11.5681 --87.9674| -+11.5683 -+87.9685

I—1I I—1 F—1

R

ax 4y 4X 4Y 4X 4y
(1) —0.7 —2.5 —0.6 ~2.8 —1.3 —0.7
(2) —0.5 +0.8 +2.1 ~1.0 +2.1 —0.5
(3) 0.0 0.0 0.0 0.0 0.0 0.0
@ +0.2 +1.2 —0.1 —0.9 +0.1 +0.2

F8R BREGSHBEAFEREHBERS IVENRE
4643 H | 46ETH | ATE1HA | 48F3 A 4h

IR

1 i ! v I—1 |E—1 |0—X|V—1|V—1|V—0n

m m m m mm mm mm mm| mim mm
1) 52.070 52.070 52.070 | 520700 | 0.0 0.0 0.0 00| 00| 0.0
(2) 54.062 54. 062 54.064 | 54.0644 | 0.0 4+2.0| +2.0| +2.4| +2.4| +0.4
(3) 41.578 41.577 41.580 | 41.5796 | —1.0 | +2.0| +3.0| +1.6| +2.6| —0.4
@ 56. 680 56. 681 56.682 |  56.6822 | +1.0| +2.0| +1.0| +2.2| +1.2| +0.2

m mm m mm m mm m mm

+m=100:0.7 100: 1.0 100:C.6 100:0.9

(HBFIE AR EH 100 L R BT RS I R D+ m)
74V F Ty —%iR8 e & 2 Mok, OBEER

BETHS.
4, T EE B
4.1 b X g B
4.1.1 KFEBDOBE

TEOBEIHY, FHOWEOELB IUAEL
DEOEERL, FAxOZARI LOEERICLSBEE
BT, RHEDCRBHDO—>Th AWEBOMTIE
BOWEERO LI L TERLZ. FESRINDLDIZ
WEZIZSAT A B G De AnRESh TV LT
5. RV IcADF vy 27 L BDY vy 7 DR TRER
NECEER T v v 7 MicBiBic X 211 h (strike slip)
BETEETHE, ThomE OB, SARKRAC
BIXUBDOUREBILELRALL»r b HEICHETE
5 (E8X(2), 8HEB) ICHATHOEAICSVTHEL
7). LnL, EEIIZAB, CDOET vy 7 L VLW
LTwW30DT, ZhoARTIRHENEHELREERH 5.

22T, MIBOFRNZART LicEbhi-EEM

CLOHBBIFHE LTV 3k THHETREZ LicL
7z (3 8 HlicixEThoBe olifg & ERHOBEL
BT, ZOEE, ThoBRELICMBZ EEITER
5, WO R R RS ERS T abbRERB LV
BAEEFOTRFRAICH B 1Y, ThOoELKREL,
A EREOE L L PIGEVIEY, ThoBI/INE
CRABLEBZDOTHSHS. IFL, TOHEBIZEB T
b, 4EO=ARNLELNEEENOFMENEL D
BRANT L —8T 3 L3RS, HEREOEAMN
H5. bEblIhboFEEIMEBORMAOT vy 70
EHLMBICIZ3ThOoR Ly AR—%KT3LRAshS
RO TH DD, FROFEI L HEIIX
BRRS Y, ThEThOFETECICFET 5ESH
AR, EREWEI X3 ETRESISHIRAEKD
ERICH L TEETXZ2EEDLDTHE L “HE” &
BBV THAH.

# 2 ROWRERETEARIEE 12 X 2P0 101
mz et U C A BRIE O O FIGHEE 13 2607 ~259 75 O
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Triangle Rotation Dilatation Major Principal Axis | Minor Principal Axis |[Maxmum Shear Stran
I:1
® 0.8 —0.0000 095 3" 1.0000 123 | —87 0.9999 781 | —d42° 0.0000 342
® —2.6 —0.0000 150 | —29 1.0000 053 61  0.9999 797 16 —0.0000 255
© —0.4 —0. 0000 008 4 1.0000 095 —86  0.9999 897 —41  0.0000 198
D) —-1.3 —0. 0000 200 —17  1.0000 056 73 0.9999 743 28  0.0000 313
I:1
@ 2.0 ~—0. 0000 580 60 0.9999 778 | —30 0.9999 641 15 0.0000 137
® 0.3 —0.0000 575 —85  0.9999 786 5 0.9999 639 —40 —0.0000 147
© 1.5 —0.0000 526 72 0.9999 822 | —18 0.9999 652 27  0.0000 170
© 0.9 ~0.0000 612 87 0.9999 738 — 3  0.9999 650 42 0.0000 087
I:V
® 0.8 —0. 0000 631 84 0.9999 758 — 6 0.9999 611 39  0.0000 146
® —1.1 —0.0000 547 | —67 0.9999 843 23 0.9999 610 | —22 —0.0000 233
© 0.5 —0.0000 547 | —87 0.9999 834 3 0.9999 619 | —42 —0.0000 214
© —0.6 —0. 0000 617 —69  0.9999 767 21 0.9999 617 —24 —0.0000 150
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DEENRS SIS, HERRECIEENEZVL5T
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SABOHEED SO (£ v A—RHEE) 8—2.2mm
OREAIH LTS 5 3—0. 9mmOFFEATH B Z L b,
BIAAHREERELTVE b0 EEbRS. SORT
B, TEEE QEERBE200F D1 UELBDT, £
B EERb o7 bDLEZD. FITHEBELL L5518
KOR7 M h5B)RERLICEE L, WOBERBIIZ
7oL 0B, BIUEIHOAEELE) S KFITNE
ATOBERETROHERLSH LY. Hl2R L E19
B, 0FIiRENS X H i, HREEILRII=ZMick<h
R TR, FHg —38.4X107° LEZATELE LA
T3, BEARTESHHFIIFEMNO @O 2283 NW 0J5
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= fF Bl % & i e B oKk X E @ BN X E B B oKW B E
Triangle Rotation Dilatation Major Principal Axis | Minor Principal Axis Maxmum Shear Stran
I:1
” o ° o
® —1.9 —0.0000 339 | —15 1.0000 093 75  0.9999 569 30 —0.0000 524
® 5.2 0. 0000 187 42 1.0000 350 | —48 0.9999 837 | — 3 0.0000 513
© 5.3 —0. 0000 386 17 1.0000 182 | —73 0.9999 432 | —28 0.0000 750
© —0.8 0.0000 214 | —69  1.0000 155 21 1.0000 059 | —24 —0.0000 095
I:I
® 3.8 —0.0000 639 | —59 0.9999 831 31 0.9999 531 | —14 —0.0000 300
® 2.7 —0. 0000 060 23 1.0000 118 | —67 0.9999 822 | —22 0.0000 295
© 6.3 —0.0000 230 | —13 1.0000 064 77  0.9999 706 32 —0.0000 358
© 0.7 —0.0000 410 74 0.9999 904 | —16 0.9999 686 29  0.0000 218
I:V
® 4.9 —0.0000 450 | —69 1.0000 032 21 0.9999 518 | —24 —0.0000 514
® 1.5 0.0000 197 14 1.0000 207 | —76 0.9999 991 | —31L  0.0000 216
© 6.4 0.0000 116 | —31 1.0000 272 59  0.9999 844 14 —0. 0000 428
() 0.4 —0. 0000 283 79 1.0000 021 | —11  0.9999 696 34 0.0000 326

B I ESNRRAS RS ) —BEA L AvZABEE L EE L > SIE L Ik oBHER L L.
I =MEf464E 3 BRI (1971) I =PFEFu6sE 6 HEN (1971) II=IEFW74E 1 BEW (1972) IV=IPFusiE 3 AEH (1973)
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