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Subsurface structure around the Kozu-Matsuda Fault Zone revealed by seismic

reflection survey data
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Abstract: We have carried out geophysical study to reveal the subsurface structure around the Kozu-
Matsuda Fault Zone, Kanagawa Prefecture, Japan as a part of the AIST project “Investigations on
Geology and Active Faults in the Coastal Zone of Japan™. In 2015, we conducted a P-wave seismic
reflection survey from Chiyo to Sogabessho, Odawara City along the survey line C-S (2.3 km long).
We also re-processed three previous P-wave seismic reflection survey data, which were acquired
along the survey lines S-1 (830 m long), S-2 (1,485 m long) and S-3 (1,725 m long) in 1995, using the
conventional CMP technique. Processed sections show clear images of subsurface structure down to
more than 0.5s in two-way traveltime and correlate well with the surrounding geology. The results are
interpretated as follows:
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The main part of the Kozu-Matsuda Fault dips eastward with an angle of about 40-60 degrees,
whereas branch faults near Sogakishi and Sogabessho dip at very low angle (10-20 degrees).

The most remarkable shallow subsurface reflection beneath the eastern Ashigara Plain comes
from the upper surface of the sand and gravel layer covered by the Hakone Younger Pyroclastic
Flow Deposits (Hk-T(pfl)), Hakone Tokyo Pumice (Hk-TP), and loam.

The sand and gravel layer (river-bed deposits) corresponds to the Misaki Terrace surface (M, sur-
face: MIS 5a).

Deeper reflectors beneath the eastern Ashigara Plain show larger eastward tilting. This may reflect
cumulative thrusting activity of the Kozu-Matsuda Fault.

The M, surfaces are continuous beneath the western edge of the Chiyo Terraces, indicating that no
presumed active fault there.

The elevation of the M, surface seems to be controlled by an anticlinal and synclinal structure be-
neath the eastern Ashigara Plain. The surface layers including M, are locally deformed.

Keywords: Seismic reflection survey, Kozu-Matsuda Fault zone, Subsurface structure, Thrust fault,
Ashigara Plain, Oiso Hills, Chiyo Terraces, Odawara City
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Fig. 1  Survey lines by the multi-channel seismic reflection method around the Kozu-Matsuda Fault zone. Base map: Geological Map
of Japan 1:20,000, Tokyo (Sakamoto et al., 1987) and Yokosuka (2nd Edition) (Takeuchi et al., 2015), Geological Survey of

Japan, AIST. As for survey line names, see text.
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Seismic survey map of the GSJ95 Kozu-Matsuda survey lines (S-1, S-2 and S-3), and the GSJ15 Chiyo-Sogabessho sur-
vey line(C-S). Blue lines: seismic reflection survey lines (receiver stations). Blue numerals: receiver station number. Base
map:Odawara-hokubu, Digital Map 25,000 (Map Image), Geospatial Information Authority of Japan. Active fault traces are
after Nakata and Imaizumi eds. (2002), where red, purple, green and black lines indicate distinct, less distinct, concealed and
presumed active faults, respectively, and ticks show downthrown side.
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Table 1 Field parameters of the GSJ95 Kozu-Matsuda seismic reflection surveys.
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Table 2 Field parameters of the GSJ15 Chiyo-Sogabessho seismic reflection survey.

Left:Original parameters. Right: revised parameters for processing.
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Fig.4  Some shot records of the survey line S-1.
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Fig.5  Some shot records of the survey line S-2.
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CMP stacking lines of the survey lines S-1, S-2 and S-3, and C-S. Approximate locations of reflection survey lines and boring

sites around this area are also shown for reference purpose (As for details, see text). Blue lines: CMP stacking lines. Dark
green: receiver location. Magenta circles: boring sites. As for the base map and active fault traces, see Fig. 2.
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Fig. 13 Stacked time section of the survey line S-3.

14 W S3 D~ A FL— 3 R
Fig. 14  Migrated time section of the survey line S-3.
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Reflected events of refracted waves (first break) seen in some shot-gathers of the survey

line S-3. Arrows indicate reflected events.
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Fig. 20 Simplified columnar sections of boring data. Hk-T(pfl), Hk-TP, Hk-MP, Hk-AP, Hk-OP indicate Hakone-Tokyo Pumice Flow,
Hakone-Tokyo Pumice Fall, Hakone-Miura Pumice, Hakone-Anjin pumice, and Hakone-Obaradai Pumice, respectively.
M,-s.g., Hk-KmP and Sg indicate sand and gravel layer constituting the M, surface, the middle Kissawa Pumice Group, and
Sogayama Formation, respectively. Other s.g. indicates other sand and gravel layer or sand/silt layer with gravel.
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%72 CMP.440 (CMP.100 @ 850 m B J5) {JiTiZ B-4 iR —
VTR 257, 50miEHILTH HK-T (pfl) £TL
FELTWARWL., HR4I2, CMP440 TO FEIBEE 2K
SO IIRERm L TR -55m THhDH, Tk
V5 2 OFRE 7o S AN BT~ BT KRR 1

km 2% LT 1l m~ 12 m OFERRICHY) LTnsZ

LERLTWD. ZO[EENIZE OALE P & OFAELEL
D, KHIEA (1982) TTAEH RIC R S A7l
WY T2 B 2605,
IR S-3

MR S-3 & B-1 R—VY > 7 & DA 23 KIS RT.
CMP.290 FfE D) 40 m L5 D B-1 R —U > 7 CTlE, 85
FERRAHE L7220 5 D M, HERE O RO B &
9263 mIZROLINTEY, B3 A=V 27« TRKR—
U2 7 U TR 50 m < 7e o> TV AL REETIRIC
FAUE, CMP.290 f13T 00 PR 7 SO 1 O & 134 -95 m
THY, B-1R—V 7B DI b HE L o g

LI TH S, —F TRl CMP.530 {204 70 m
RO B2AR—YU 7 TIET X CTEFLILEEE N AR L
TW5a (H20K). 5> THIFRES-3 (55 15 K) @ H i
WEBIZ I B PR O SO R (B 15 B[ZHR) 13E L
B ORFE EHESND. B2 A B HE UL
ZE4x (1987) OB KNI XX Z ofFir o EFILE T
VG FE P57 A2 20° ~ 25° DA Z R L TRY, MEHE
DWriai & TR TH 5.
BIER C-S

IR C-S & THRR—VU 7 L DHEA 5 24 IR
TRRHEAL TRV S A%, IR C-S @ CMP.500 {3 D
440 m LTI TFRA—V 7 BB Y, T TIEM, ﬁ
Y OWEE FmEEIL 454 m THDH. EERNIC

AUIXBASE 70 ROR A @ 1, IR VE SR A3 T -30 m T
HY, HAmho THRAICELS 720, CMP380 £ T
IEWTIERIZ 10 m FREER S 7o > THEEEITR -50m & 72 1),



SCIHERERIR A T — 212 X 2 [EH—

MHRE S-1 & B-6 R—V > 7 D Heifiz.
FEIRE D@35 20 B &R L.

Comparison between line S-1 and boring B-6.

521 X

Fig. 21
Colors in the columnar section are same as in Fig.20.

5522 % JE %%sz EB3R—U IOk A=Y I
BT D TREWTE O M, EIEEITH -45m. TR

Ai&ﬁf% (ZHEE SN DB IEAFAE L7 vy. R

OEITFHE 20K E[FC.

Comparison between line S-2 and boring B-3. Elevation

of the M, surface at the boring site is about -45m in the

depth section. No presumed fault exists at the western

boundary of the Chiyo Terraces. Colors in the columnar

Fig. 22

section are same as in Fig.20.

CMP.570 {135 TA BEIX W B R ICH ORI 72 5.
THA—U > ZIZHE VY CMP.500 437 C 0D B8 3 772 1 5 i
DOEIT-52m THY, FRE—YV > T7DM, Izt
RHE6m~TmIZERS RoTND (F24X). 4
B E TRA =Y 7 ohicE, TREHDIZIZH
S 2 HUAL R — VE R VE 5 1A SRR LT D KNGO1-C

T FH I feg 15 0 i1 T A I

H#RS-3 & B-1 A R—U v F ki, RA—U v/
TR HIREEWTE O M, AR (349 -95m. A1IR

B O 20 M & F L.

Comparison between line S-3 and boring B-1. Elevation

of the M, surface at the boring site is about -95m in the

5523 X

Fig. 23

depth section. Colors in the columnar section are same
as in Fig.20.

# (KNGOL-A JIHR O —H CHIBE B AT o 72l 2
b5, FOWENEK (5825 XK) 2T ReEsEt
CMP.1340 ~ 1100 D IS, Wit Tidd 5 0N BEE 7
B A FEAET 5. CMP.1195 ~ 1200 {3 @ Ak AL 39
160 m IZTAR—Y U IBFIEL, ZOfHEDBEE X
FEOESIIN-50mEETHD GBE25K). THRR—
U TZOM,HIZHERDEZLELIZ4m ~5miTE%ES
RoTWD. fEoTM, EASE A~ TR ICTRE %
HLTWD EZZ L, WRRROBEE 2 KD M, m
MY & B THFEILR. BRI C-SIZRD 5
AUTC TR W R e O T g bk D A& 1, KNGOL-C IR 1T
LD HNDN, ZhEE D KNGO1-C HIFR A RO fER
ICOWTIRBRT 5. if:iﬁuﬁ‘%c S @ CMP.670 ® L 75
#9580 m @ B-5 K — VU > 7 TIIFER -20.48 m ~fLIE F
THK-T (pfl) NEDHHNTWD %;0)0) Z D TFLIZ >
W T DIFEHITAN A, Wi T CMP.670 £ 35D M, [

TR -53 m ISIFET D,

ui®;ou,@%ﬁﬁ%ﬁ®%%kﬁ~vyﬁ-
T—HIPLIBEIN D KRR CKLKTE & ERE H
DHWVEHIREC VbR & OB OFEE LTI B
W—HERLTWS EEZD.

52 FHREMERGD “EHE"

TREHERIC TEWE” BATET 5 & Ryl
L7=DxEB% 5 < Kaneko (1970) ToH A 9. Kaneko
(1970) % “a tilted fault block standing above the graven
floor” & L TTRAMICE KL L, ZOWEKRITIEWE %
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HIFE C-S & THRA—V 7ok, R—U > ZEIZ T 2ERTT O M, mAs e 38 -52m. TREHITE iR HE

EENDEIEIIAFAE LRV, FRE O AT 20 M EF L.

Fig. 24

Comparison between Line C-S and Chiyo boring. Elevation of the M, surface at the boring site is about -52m in the depth

section. No presumed fault exists at the western boundary of the Chiyo terraces. Colors in the columnar section are same as

in Fig.20.

BEL TS, F72 1923 FRRMED S WIZE O FE%
DRI > THETOME (BTF) B4ECLE LT,
T AVLLRE, 4 213 Kaneko (1971) , 15 W @RI 52 24 (1980) ,
KHENED (1982), EAZIEH (1982), 1% W& HF 982
(1991), BEWNIEH (1996), HH -« 4R Hw (2002) 7¢
ERTFREMEZICTERTEZEEL TS, Wihd,
ETFEM1I0m L, HAKRZOWRETHY, TREH
DH ST ~EEN T 5 2 & 6 HERoOWITELE LTn5.
—J7, KEIED (1996 a, ), Il - KB (1999) 138
HBIZB3R—V 7 EFRA—-V 7 EDlkiEEE &
(2, —HEBMIKR S22 DAY UF v I EHEALELE B A &
LT, ¥—&725 Hk-TP FLEC M, VL b i 1
BEICIEE A CENRBD NN LD TRE R
IR E LW R LT,

KGO BEFERAZ S LT 5 L, TREHMERIC
HEE SN DWIEIT0IE 0 F7E L TR ATREMEAS J V.
AR S-2 2B L T, AKEFIED (1996 a, ¢), (LI - /KB
(1999) OB LT=A U 2 F V7 RURE LR B 1308 e
PRI, WiEOAESEROEMICHE VM2 5 5
W Tl 7R 2y - 7228, BRI EAEICE R L-4 |
DFMBIZ BT, FEAERK 025 s (@A -50 m)
D M, i OHEFNEDIER I E Sz, CMP.150 £ A3
FREMOTERKIZH =50, Z 2 TR EN1NTF
ELRNWZ EREI VWML a7z (55 221K).

JHR C-S 0> CMP.210 11T 23R8 & 4 2 I g ai it v i
ThD (F241). CMP200 ~ 300 {-f I | H AR5 1 5 =
DRENWKE DA TARRFRO M, HiE SN H3fissd CHE
V. FEIZ CMP.250 ~ 300 Oy THE Rz ok % o)
LTEY, /A4 XD EOIEEE DN+

WCHESn T inbnEEX LS. Lol CMP.50
~ 250 & CMP.300 ~ 400 O /3 1XIFIER CEE D, &
D WIERR I AMEEN T 2 —E O fi & FL 2w B IR
ZLTHY, WEICXks THRMOFREHAHE LT
WA LI R AR (524 K).

AR > KNGO1-C IR ORE W E R Tk, FUEHT
P B TR SRR AT T 2 23T T T 23 Bl
TWD R, 7l &b TREMER (CMP.1280 ~ 1290
f13E) A CZ ORSTEIFIEFICE EEE L TnD (5
25K). fE-oTZ OB N TH B HIPERRICHTE 248
ETHIEIINETHS.

A SRIED (2012) D UNVI10-1-N R85 00 12 B 1 [ R
OZ ORI (Z 4 & 1% http://jishin.go. jp/main/chousak-
enkyuu/kannawa_juten/h23/chap3 2 b.pdf |ZZ33 ST
%) 121X, CMP270 ~ 580 £ o> I < & (BRE%L 10
m ~ 100 m FELE) (T AR D BAE 7o SO A3
BHOLND., ZORKEICIT TG HPERZ (CMP430
FHE) JE TR OTLASEEL, 4 RIED (2012)
TEEFE— @ s & e < kg o —onE Z &
WBLTWD SR L TWA. L L Z OBE A
ML “Wrig” EMIR SN ZIXSATHEETIE S
A EETFTEMITRBD RN, LA, /A ADD
— ORI H D b OO K E L T—EARIRIC
WODIZER->TND, LOIRG Y Lo, T 7b
H Ak, IR S-2, C-S=° KNGOI-C JIIFR#IZF D & i
T2 L 90D, W AEMITMEEN T 5 — 1 O B 72 S
m (ZhbBEHL M, mEY) THDAREERDS.

EPICTAE LA BT 2 SOAHERIRR & L CH P
2 (2002, 2003), ‘= PYIE A (2003) @ UNV02-ODW
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Fig. 25

FHEMEIR AT — 212 1% [EFH— A% TR A O i T I

KNGO1-C JIHROHMH. BB JIHRE. o7 - WX, TR RENm oMK, A—U o V7 #EIB T 5%
FEWTE O M, HAE &3 -50m. TARE PR ICHEE SN OWIITAFTE LRV, v Br 28 Wi, ~B o 20l
HEFARA MG, KMF: [EFFH— A EESR. KRE: TR =Y @&, 411 (2002 b) D[] 3-15(b) 4 2.
New interpretation of the KNGO1-C survey line. Top: survey line. Middle: depth section. Bottom: interpreted depth section.
Elevation of the M, surface at the boring site is about -50m in the depth section. No presumed fault exists at the western
boundary of the Chiyo Terraces. Magenta line: fault. Magenta dashed line: presumed low-angle reverse fault. KMF: Kozu-
Matsuda Fault zone. Bold arrow: Chiyo boring site. Modified from Fig.3-15(b) in Kanagawa Prefectural Government (2002 b).
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ZOXEIICKEERER RN R & EIL, TRE
MG W B SFAET D 2 & & K FFT 2 B 725k
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BE - g L EAEEN DN L s RO RE VR
JEOFETR EDT D ENRILENTEY, WENE
CEBIETANERTIEIFSDOLE I AREETHD L
Hbhns.

53 EFE-LBERERDOM TEE
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B M) (2002 b) (2R ST FERRERIC X
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Fig. 28

WA X MERIED ALY O KHE TIERNEZ BN
5. J# C-S @ CMP.820 £ UTIZ WL & AV 7= AR A4 1 1B g 12
FIM 35 6 OIEARHRTIEH E 0 AT, =
DREE RS DH 0N CMP.1030 ~ 1040 042 & -30
m (5525 X CIERE 30 m) (HIIC/oND0E LR o
AR ITHD., INETICIERAYEEEZHEST D &
FEFRX ORERRD K 91272 D, JIHR C-S 1T/ &= EH
JE IR AR 1 K OV T g IR A A 1, AIHIER 00 CMP.1230
i GRS OEWE R ofE) KO CMP1150 iz (R
EH W R OMEE) I2bENENRD 6 (5 25
B, (LEMNCIIAHAICIERISE WS ZAICHFET S.
BRI EL, FRMOBHLHHETITRNVWE I THD
2, ZOZEIERBO B RTHNCEELER A LT
WA ATREME B 5 Z & 2R LTV 5.

MREHBRO M, m X, 525 KR Lz K95 W JIHR V6 i
U CIEEE R -25 m (55 25 O CIRVRIE 25 m) FRIE,
AR & RS 72 ) CMP.1180 1T CTHREE -55 m (25
25 ITIETRIE 55 m) FRIE, ZALE D TIERESHICHE
< HMEMAMH Y, CMP.1100 43T D4 & -45 m (5 25
B CITREE 45 m) FREEE THi<. Zh L b HCliE ERE

IR S-3 OREFREE W . FLUTIEHS 26 KNS/

An interpreted depth section of the survey line S-3. As for explanations, see Fig.26.

DIEARAR O E LT FURIEIZACEZ CMP.1020 £
PTOKER -50 m (55 25 X CIXVEEE 50 m) FREE £ T <
LD,

UNV10-I-N Bl#g

AIRIED (2012) OREMEX T, Rifi Tl 7z
KO ICEHM OB E LR RN A —#HD b D &F 2T,
CMP.300 {31 CHER -35 m f2 12 D S5 mi 28, B~
DNV & 1T L 72 1) CMP.600 A3 T2 & -100 m F2 B
T 5. S BITHA TR T 7 2 SRR T
<720 CMP.700 {11 DO E -60 m FRJED & = A F TiB
Brcxs.
GSJ92-D 45
FEAZRANNE D (1992) O JHRE TILFEM 7o i & D
ISR TH D LAY, MBI LTIk
& (R Lo Oy ERETDHHLOTHLARYT
HDHN) NEZLNTEY, - OEEERE 130 ms ~
140 ms [ZBHE R N HEDARBO HGND Z &0 D, ZOE
EEMETHIZENARETHD. ERINE0 (1992)
IR SN HEMEEZ D LICHEEERZFELZLO
NEIOXTHD. ZdHEEER 130 ms ~ 140 ms
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Fig.30  Velocity structure and its two-way traveltime of the

survey line GSJ92-D.

IFRER L 94 m~ 103 m I ISxHET 5 2 Engn5.
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Distribution and elevation of the M,-surface. Light brown area: M,-surface distribution. Brown line: M,-surface contour.

Fig. 31
Orange broken line: presumed anticline and syncline. Magenta line: reverse fault. Pale-violet line: normal fault. As for other

explanations, see Fig.9.
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Fig.32  Elevation contour derived from 5m DEM and faults. Orange broken line: presumed anticline and syncline. Magenta line:
reverse fault. Pale-violet line: normal fault. Dashed line: presumed extensions of faults. As for other explanations, see Fig.9.
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Fig. 33 Depth section of the KNGO1-B survey line. After Fig.2-14(b) in Kanagawa Prefectural Government (2002a).
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