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Abstract: We performed a seismic reflection survey using 3-component geophones with P-wave vibrators
in lowlands near the Arakawa River at Konan Town, Saitama Prefecture, Japan, in 2001. The direction
and length of the survey line are from approximately east to west and 2 km, respectively. This survey
was originally planned to obtain S-wave velocity of tilted underground structure using P-SV reflected
waves. Unfortunately, we found only one or two clear P-SV reflected waves on each receiver gathers,
which are not enough to determine the velocity. However, we also performed P-wave reflection analysis
using vertical component of the geophones. In this paper, we show the two-dimensional P-wave velocity
profiles and depth section along the reflection survey to a depth of about 1 km. The velocities beneath the
survey are obtained as from 200 to 300 m/s near the surface, from 400 to 700 m/s at 100-m depth, from
1,400 to 1,800 m/s at 500 m-depth, and from 2,700 to 3,000 m/s at 1,000-m depth. The obtained depth
profile shows several dipping layers from west to east. The dip angles of the layers measured along the
survey increase approximately linearly with depth from 7° to 12° at a rate of 5-6 °/km, indicating that
the inclination of the sedimentary layers caused by fault movement had increased at an approximately
constant rate with age in this area. These dipping layers are also observed in the depth profile of a
previous P-wave reflection survey that was performed about 1-km west of the survey at Konan Town with
the direction from south-west to north-east. Combined with their results, our findings suggest that the
sedimentary layers beneath the surveys tilt to the approximately north-east direction.

Keywords: P-wave reflection survey, P-wave velocity, P-SV reflected wave, near-surface structure,
Konan Town, Kumagaya City
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1. FUBIC

412, P-SVICHTIE & FH W 72 i T as, dhps fhax
E TOSPEHE (V) HEDRM FEORIAITH - T
%7z (e.g., BEAIZ A, 2003 5 Kano ef al., 2003 5 JIEFIE A,
2004, 2008 ; KyEIEA, 2011). Zhid, —DIlidisE
DFENRT X EFHIIT % LT T O ViHE D LUIRTA 6
EEABEERE > T3 Bl ZIEAR, 19955 )11
EA, 1998) 20 Th 5. 7289 —DITiE, PHEE
(Vo) & Vs D RIRHNE Z RS AR R DERE V5
TeHFEERHBE O F 220 2V HME D £ 5% 5 (eg,
Castagna et al., 1985 5 Avseth et al., 2010 5 Schon, 2011) 7z
BThD. TOR, P-SVIAHEAE 723 HEERHS
& B BB L (PSR FHE) 13 Vo ifid & Vi %
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[FIRFICAIREE D RBE CIRIBE TA A=V v T E 518
N2 HETH 2 (NEFIEA, 2004).

L2L, ZOHEERICE, PHEERED2, 3f50F v v
ANEE KD RORE 2R (7 2y ) &R
ML RD, EVIFHNIIL I D B (KIEIEL, 2011).
F v VAILEHBBEAT S0, ETERSMETOAL
i 3 2 PUE A & 1308 W P-SV I A I ACE B R 43
WEHEHEHAT220TH5. LI—FDF v V3K
IIEH A B B 728, P-SVINER CIXPIRHEA & b
— OO FEBICEUTE BT 12— 131FE Lk 5.
—J, BAXA 77Xy BB EELDZDE, —DI2iE, P-
P SHE &8 P-SV R AHBARIE 3 P2 AN C R 12
AB LB KREL 55729 TH 5. &5 —DIliE, P-
P IS & D P-SV REHEDEREPE N 0IZ, P-SVX
HHEDIE S BIRIRO K X 2R MIIEST FTREATL
FVRTVEDTHE. IhoF v 2L EOHAKER
KA T Xy b EIIME > TR BRI FE 068 2 R R
LTS 202, WAL, Frr R ILBEomm
EMA LRSIV MEE AL Z L EHNEL, |k
TEIHEEIC X 2 PUERIBRIC 3 R 1 B A&
ATBZEIZE > THERZONB Z L ERL 7 (K
EA, 2011). ZOFX T, P-SVKHHHAZIRMIZIE
ITHEAS TS Z 2R L, P-PREHEEIZLDAE
ENFV, EHEE A 5T, 1524R5TOP-SV K EHE
Wifhsg o Va2 ko ohs Z 4R L7z ZLT,
Ve Vs & 52 72T RGE 5 L OERERGE € T LIS 7
WL, PGB X DB L 72 P-SV KSR ER D 6 Vg
WxE 2 AT BETRY, 5272V &L Z0aRMEE
Ham L7z, S BICARPREBREIC DV TIE, FEEEOEH
FLERD O AR ITIETIRD 72 Vo il & VP DGR & 0 [k
2o ARFEOAMEER L2 —F, EFEEEIZ D0
T, FEHEELSEHWEEORRE LTk,

IhES T, FEELIIMEHEA (2003) AT - 7= fEHFHE
IR T D3Ry IREHEEE T — 2 2 L, KigiE»
(2011) D HBETVe B KOV MG %K 2 Z & i A T
F72, F—HR EOBERZIRAIC 2O URAEETEH L,
TR TOREZLERD B Z & kAT L LS
BBE, TT4 TG (ZEHREBERE EMAESA v
54 VD KF-BYRSY) O3ZR N v FF IS5 2
JEMRIT AT D12 R 51T E DRD WM 2 P-SV K1 RV
AT A ZEZREETH Y, VilEEERD B Z LI
TELEhoT-.

—75, Z OO E R T ETERS %
o> 7 BHEOPHRG BB L FERL CTH D, WHRTD
Vol a T+ fEETROAZENTZ . 262K
SHIFRE X, BB OEFI O Bk 5 KRS HERTE 5.
Z OISR T, SR L =l L SUT T 3 Fcila
1Z2°(2000) 2 PR AEHF AT > T D. TD_DD
HBHIZE L T WD, ZORHEHIRETNEZAT

1 km(EE & BT, A% 5 O KGHIrmG 12 & {EREHEE A
RN THED, 2ROUBMORERZ KT 5 Z &0 X

D, ZOHIKIZEIT 3 REmOEF FHERLES 2L ]
TES72A5. 20K Rf@fi&dE L Z OHIKD V, i
WEARTZ L, BEFHo FESEORMO B & &
5THA.

AR TIE, EIE A (2003) 237 > 72 EHEHEGE K T D 3
O RGBT — 2 2@ L 72 2h 6 D O/RER
. 9, ETERGEMIT L TA S N7z 2TV, il
Wi 38R U RS IC DWW CEaRT 5. &kiZ, 5574
TR DZIRME T v P EIRT 5.

2. REHET

AREE T, MEIEA (2003) % TCISEERE LA BN 5.
BERIZ20014F 102326 11 A1THIZA T THERK
BRI E] (M, BHEERTH) OMEENR TIrbh . B
AU B FCF B OIZIT I E T 5. Sl OGRS
720, JEHEIZAKEIIAD 2 1T, JEOHERERE
kB EBbh TS, T OXHE = REES T3 km
IFE L XhTn5 (8K, 2002). HIRNCRES, 2k
M ¥ L U'CMP (Common Midpoint) DL %~ g. Rk
RUIZo RDEIEREME L, BZRAEUI 19251, R
Fi21910 mTH 3. EHEF2MIZbI TiT-7. Th
FhOZRER CHRERBIZ 213X U234 TH D,
A7ty FRRAKT272mBEU 2,02l mTH 5. %
B LUREHROMFZIOMTH Y, CMPORRFIZSm
TH 5. 2RI TE D10 Hz O 3555 32 ikds %
L7z PIREIEE L TN, 7L — 4 (model Y2400) 2
BEMHLZ. 24— TREEKIZ10 ~80 Hz, 24 —7
Fl320sThH o7z, 24 — THIB O E A% O#
HEEEEIZ 6, 7Y 213500 HzTh 5. I
EITERO 720, ZIREHEZ DA 1R 23R 7 16 (4
vIAUv)ERS KSICEHEL, TORSTAL LN
BEIT4 TILRDE LTS, BETA LN s
IERIE A (2003) ISR I N TW B 20 L W, BT,
Z O A 7L 2001 R & 05

Z OHEEITPSE MBI GRS X 5 VoG RE A H W
E L7272, BRI 3MSZIRS & F0E LTz 0
iE A, 2003). —F, KEIEA (2011) TREL 72 Vi
WA HETIE, X A B2 U PR GHEIRR I AT
R 1 EEMAZOATHS. T TARTIE, K
TIE2 (2011) TRE L 2 FEMERMEEIZ 20 L TER
THHNEMRT 5720, 25SHBERIRAL RS L
12 Vo G BRA 4 3l A 7.

3. PREEMEREN EHR

AW TIE, MIEIEA (2003) DA T A 5 M7= BHHIEC
FELL IO KD ICHEN L7z, L T#RIREG DL %E
i o TR IE 2 17 - 7212, V, DT &2 CMP =
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a) Map showing the location of the CMP (Common midpoint) stacking line of the seismic reflection
survey (Konan2001) by Kano et al. (2003) at Konan Town in 2001 (solid red line). The survey was
conducted on a sedimentary layer south of the Arakawa River, which flows from west (left) to east
(right) in the upper part of the figure. Inset is a smaller-scale map of the survey area (square) with
prefecture borders. b) The locations of the shots (green), the receivers (blue), and the CMPs (red).
Note that these three locations are considerably overlapped. The CMPs where P-wave velocities are
analyzed in this study are shown as red squares with numbers. Every 25th receiver is shown as blue
open triangles.
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m/s TR & 2 5 7z,

A LN ME A, CMPEAEL, ¥4 L —Y a3V
T\, PO~V A 7L —3 3 VIR % 4 72 (54X
a). ZOMREREEMRL 723 DEPHEOYA 7L -V 3
VIEEWR S U7z (BB4lXb). A Sh B mEICIE, £
FE(1RE) 2B E, IR OMEFHEE 2 HBL Tn
5. REMNTALONBRGHRAOEE #FE 4R ITRT.
BRI M & RIS EAR TERTR TS 5. R
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DORTIOm FICHED, FIEFMTE 15 mEET
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Fig. 2 The time picked during velocity analysis (green diamonds) shown on brute stack cross
section. The X axis is CMP number and the Y-axis is two-way travel time (ms).
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TLRE 2001 Hl%R T ¢ H 6 M- @RnE I, SEfEo ol
WTHBMIZN TS, ILEHEA (2000) 1, SEIOILH
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BIX & VLR JEE, 1995 5 KEFIE A, 2002) DEM
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Fig. 4 a) Time section along the survey line obtained using P-wave

reflection profiling. Horizontal axis is CMP number and
vertical axis is two-way travel time (ms). b) Depth section
along the survey line. Horizontal axis is CMP number and
vertical axis is depth (m). The horizontal distances from
CMP 50 are shown below. ¢) Depth profile of the reflectors
beneath the survey line obtained by the P-wave velocity
analysis (red dotted lines) with layer numbers. The linearly
approximated reflectors are also shown as blue lines except
for the shallowest one (L1).
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KIEIEH 011 DFETE, T35 4 TIIKDOZIRE
ME v FEMERL, TOX v ¥ L TP-SV A% [FE
U, OB % PG RphR & i U T, ST (V)
MEERD 2., 2oL, Vb X OEERIZPIK A
ERICk>THONZ3DEHWS. AR, 5
P-SVIKD KA AL C B 1% 51X P-PI S 5T 5 &
FEAoNB70 P-PH, P-SVIKOKFREIZODWTIE
il Z i Aki and Richards (1980) Eqs. 5.39, 544D Z
&), P-SVIDOKFHEIZP-PIHKHHETE H B0 5Th
3 (CKMIEA, 2011). 7=, DEOFIS &R IEP-P I
DRGNS D T OMFEK & & 2 515 728 (Sheriff and

Geldart, 1995), Z DA 5IZP-SVIkE KA+ 2 THA9.

ZIREE v P EER LV Z RO IZIEHE LT, V,
ZRDFZCMP R —FBRE W HEEAZ. SHO LS I
MR EAIE T UL, CMP & AR D IIHEF 5
"Law iz, sHoBse, mElEoOmEHL, cMp

TS50 TIEIImIEE, F 5100 ~300TIE10mld T,

F53501230 mIZETH > 7z, F5F350 THiE DFRHED
BN 2ok, WEHoOBHO~ZDTH 2 (FE1Kb). miE
MIOMEEE X 51T/ < §5Z &3, HEROBHI/ X
WX TRV, 2K B CMPRiA#TRTBZ&ick ]

BETHAI. LrL, REWONREN LR E 30 He,

M A 500 m/s, RIFTDHEEEZ100mE Lz D
— 7 L F LY — ¥ (Sheriff and Geldart, 1995) it &% 30
mTH» Y, FHROEMOMEEE RS RkE 0, K
BELENE, E—T LI -V EE6ICkEL &

5. &oT, ZOCMPRILZIRN & DENIEHTZ 3.

- I T T 1
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S S U 7 AT OER A, 55 4 Xc 2R L 223
LU 72 PSR OO CMP 1T SO DT & % Ml
12, (R & NN

Fig. 5 Inclination angles of the linearly approximated reflectors
shown in Fig. 4c with respect to layer depth at CMP 1.

L7225 T, KRB EBAVOARE LS
BRTOLETERS - 55 4 7R DDRZIEME v
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FRED Vsid & 1B 720 P-SVIHITIZITERE IS T
TH»S AG L, ZORIAAIZIEEKREE LS. Ko
T, ET®kS - 954 7LD TERICEAIXI NS K
BHEIKIZIZP-PIREETH D, 77 4 7RG TOAB
WTEBWEHAP-SVEEEEZ OGNS, ZDLXE, P-
SV I SHBE D WA 1 W 23V, Wi & DB X1, &
WS 2 O £ TONFH S IIFITIRIET 5 CRIEIE 2,
2011). Z A AT RN E O R A2 R R FREE A\ O ARSE
ANEWOTH 5. TLEE2001 HIFRETIE, P-SV KA
ERERR T & 72941 CMP 300 ZFRITIEHCMP T1I DRI T &
A7 <, CMP 300 T & 24K HDRFEIBIM X 5K
PRBED P IS, P-SV RANEERFIZ K GHE E TO%
FBAEROEETH 5256, ZOL3 M5 P-
SV AR D WA BNV 25K 5 Z LU,

5. &R

IEE A d S2 IR T OEBHE & 2 W Bz Kk % 2
ExERMLE. ZOZEnS, SO 2001 HIE T O K
SR OMER S RS EEN- k5 Z 2 oh 5. K4
W DERHE & OB ISIZITHREOBBRS H % & 04
OFERIE, L2 ->T, WREEEN ETh 5 LNET
N Z OHUB TO W EB A —E O HIA TRk L Tz
ZLETRERTS.
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a) tHIE A (2000) D~ 4 7L — ¥ g v Wim (LLEHE A (2000) Fig. 6¢ % 85#%) 12, KA 5 FHiAH - 7z
CMPs 1700 ~ 1900 TOEF} L 7= G 46 & OV DA % fabhi - 7 CEAA . b) IL 2001 {IFRDO CMP &
A GRB) & LIINE 2 (2000) 237 7 - 7o RGHEHEE RS2 O CMP B A#1 (SR r) O —E8. A0h T
ShEN TN D 2D 1007 Z & D CMPs & SR OTLE 2001 HIFED CMPs 5, 400 D Z /4. S22l
BREREPITHEBEDL L 7285 KO 2 OB (F— i giin) , 1LiiEA (2000) Figs. 2, 41ZF0HEE Nu7=iT
FHWE D BB & 7 OME & B RRFER) & AbE TORT.

a) Depth section with poststack migration of Yamaguchi et al. (2000) reproduced from their Fig. 6¢c. Dipping
reflectors (solid green line) seen between CMPs 1700 and 1900 are superimposed on their figure with the inclination
angles we measured (green numerals). b) The CMP stacking lines of the seismic reflection surveys by Kano et al.
(2003) (Konan2001; solid red line), whose records are analyzed in this study, and by Yamaguchi et al. (2000) (S2;
dotted purple line). The positions of the CMP numbers of the survey by Yamaguchi ef al. at interval of 100 and those
by Kano et al. for CMPs 5 and 400, which are referred in the text, are also shown. A rough linear approximation of
the CMP lines by Yamaguchi ef al. and its perpendiculars are shown as blue dot-dash lines. Green thick line shows
the estimated location and strike of the presumed Konan Fault drawn in Figures 2 and 4 of Yamaguchi et al. (2000).
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Fig. 7 a) Vertical component receiver gathers. b) Radial component receiver gathers. Detected reflected waves

observed on only b) are shown by blue lines; waves on a) and b) by green lines. The former reflected waves
can be considered as P-SV reflected waves; the latter P-P reflected waves. The receiver numbers with the

corresponding CMP numbers are shown above. See Figure 1 for receiver locations.
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