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High-resolution seismic profiling survey along the coast of
the northern Niigata Prefecture

Hbniz e b bl - A

Takahiko Inoue', Fumitoshi Murakami' and Shuro Yoshikawa'

Abstract: High-resolution multi-channel seismic profiling survey was carried out in the shallow offshore area along the coast
of the northern Niigata Prefecture. We used a boomer as the acoustic source and reflections were received by a 12 channel
steamer. Forty three shore-normal direction lines, four lines parallel to the coast, eleven east- west direction lines and three
north- south direction off Kakuda were surveyed. The total length of survey lines is about 720 km. The seismic profiles
showed that this area is underlain by the sediments before the last glacial stage, and Holocene sediments. The top of the
sediments before the last glacial stage is a clear erosional surface, which is unconformably covered with nearly horizontal
Holocene sediments. The Holocene sediments are divided into three units as transgressive deposits, upper and lower highstand
deposits in the survey area. In seismic cross section in E-W direction off Kakuda, flexures like deformation in the Holocene
sediments continue to N-S direction along the syncline axis for more than 25 kilometers. The deformation in the Holocene
sediments has been growing by displacements of an underlying active fault but does not cut the sediments. The vertical offset
of the flexure on the erosional surface during the last glacial stage is larger than those on the reflections in the sediments
covering the erosional surface and the offset decrease upward. This growing deformation indicates that fault activities are

several times in the last 10000 years.

Keywords: active fault, high-resolution seismic profiling survey, Holocene, Last glacial stage, erosional surface, Niigata plain
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Fig.1 Study area with high-resolution seismic profiling survey lines in northern Niigata Prefecture.
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Fig.2 Photographs of tool using in seismic profiling survey.

(1) Boomer (Applied Acoustic Engineering Ltd.), (2) 12ch Multi Channel Streamer Cable, (3) Research Vessel.
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Fig.4 Tectonic map off the northern Niigata Prefecture.

The land geologic map is reprinted from a seamless geologic map (GSJ, 2010).
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Fig.5 Seismic profile off the western part of Budo mountainous (off Iwafune).
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Fig.6 Seismic profile off the Agano River in the Niigata Plain.
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Fig.7 Seismic profile off the Tainai River in the Niigata Plain.
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Fig.8 Seismic cross section of the tectonic structure off Yotsugoya. The detail of flexure is shown in Figure 10.
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Fig.9 Seismic profile at ca. 35km in distance off Yotsugoya.
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Fig.10

Seismic profile and its interpretation of the offshore active fault of the Nagaoka heiya seien fault zone.

A: Seismic profile of offshore active fault of Nagaoka heiya seien fault zone.
B: The interpretation of the seismic profile. Bold lines under the sea floor indicate the onlap surface.
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Study of subduction zone paleoearthquakes

—_

BEEE 36 - EEHAGAC  - BRERRGEL T - AT - BRI TS
Osamu Fujiwara', Yuki Sawai', Shigehiro Fujino', Yuichi Namegaya'
and Yukinobu Okamura'

Abstract: There are many topographic or geologic records of offshore great earthquakes along the coastal area, thus we will
be able to reveal the history of ancient great earthquakes from topographic and geologic investigations in coastal area. In
Hokkaido, age of sediments collected from marsh sediments in Akkeshi area was determined to be ranging from 3,000 years
ago to recent and we will continue to analyze the sediments to clarify crustal movements related to great earthquakes. In NE
Japan coast, three tsunami deposits during the last 3,000 years were obtained from coastal plain of Joban area. In Tateyama
plain of Boso Peninsula, two sandy layers that are inferred to be tsunami deposits around AD 1,000 and 1,300 were obtained.
To reproduce ancient tsunami invasion into the onshore coastal plane, digital elevation data were build by removal of recent
constructions (harbors, sea walls and others) from recent digital elevation data of the Joban and Boso coasts. In SE Japan,
crustal movements and tsunami deposits were investigated around Lake Hamana and Shima Peninsula. The survey around
Lake Hamana suggests that the area was subsided after the 14th century, which is inferred to be crustal movement related to
one of ancient subduction zone earthquakes along the Nankai Trough. The 10 m sediment cores were obtained in the Shima
Peninsula, and 8 tsunami deposits were found in the sediments during the period from 500 to 4000 years ago. In 2009, giant
earthquake occurred and caused tsunami which destructed Samoa Island, south Pacific. We joined the tsunami survey team
from Japan and found that the height ranges from 2 to 16 m in Tutuila Island, and it was higher in the western part of the

island.
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W5 B P EEETEOEED FAICHZ D, STk
ZHORNTIREEDE TET 5 & THEIN, HHE
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BT AT ENTE S EEZ, AR E LT
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U RE SRR AU AR A v 2 — HENSEGPT (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)
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Table 1 List of sampling location.

Boring sample Location Water depth  Core length
No. lat. long. (m) (m)
Ni09-YT 37°52'0940"N 138°52'49.02"E 25.35 40.0
Ni09-AG 37°59'19.75"N 139°06'27.95"E 2498 40.0

O CHER) 13, AR, R, BRGRZEAWT,
NERE EEHIRETHOH L, ERHCRINR D RO R
RCHlIE L7245 (Conventional radiocarbon age)
7 i UV 2.

3. RAL -
3.1 Moiksth
HIERE O R KIS, Ni09-YT 7 7 .= h (YT-1
~T7) XL GE2KD. Fihb&1=y FD
JEMHEFR 2R IOV TEHIT 5.
YT-7 (37 %5 © 33.6-40.0m) : FHHH 5 fbIK Rk

, 44K 435000 4 LLAG, FldK ; 38.8-40.0m T
FHBRSEED, ThX0 HMiE T3 aa
HNHEMT 5.

YT-6 (7 G 0 31.4-33.6m) : =HH ;5 -2 Gtk
i, G#l; YT-7 & OBRFUIIHM SRR G 5 Bt
NOEZEIC K > Tk BNz, 33.0-33.6m [T
¥ lem LR~ FAR—)b, 31.4-33.0m i Tl F
TR Y EEDEIR E NS,

YT-5 (7 %% : 30.8-31.4m) : ‘=M s AV —T Kkt
HRiRD, SC#k YT-6 & OEIFUIHIRIEY A & Hoki b
ANOZAWIERIEELIC X > TSN, < RR



WS FEN ISR — ) VR OB & S B E )T & DXk

—)NEEH, TOEFEE MITEHK 5em TH S,
LD S THAT 5.

YT-4 (7% :21.6-30.8m) : S5HH ; KA —T

VR, 4R 7500-9300 4, Fl#E s YT-5 & D
FUIHRID N 5 2V A\D Rk EZIc K > T
DS NTe. Kt b~ MR i JE e L,
ZOBFIIIAR CTH S, HBA & 27m IFETIE R
SNV, FNED BAiidbdMcEENS.
Ykl 25m LUETIE AL, FNR 0 LA TIEE
g %. 24.85, 26.68, 28.50m D MCHERIFTAN
T 9300 727" W, TAUIFHHERE U7z WARR D
EIELTWAE I ENERTHE EEADNS.

YT-3 (7% 15.3-17.7m) : & ; BAXU—7@

Core depth (m)

IV, R 5500-6500 4, GoEk  YT-4 O
TH 2RISR Z R OWE S )V b — )b N EOR
i YT-3 i e Uz, FiE (20.0-21.6m)
TSRO IE 2 ST H, ZOBSUI AR T, [t
BICEE RV METH %. 20.0m DLEIEAEY)

FaZl&th, TnLko LE TR T 5.
YT-2 (7% 6.2-15.3m) - A fHIET D
OEA Y — 7 @R, 18 1300-2800 4E,
RO ML BEFUERIAE T,  BALCh > TR A
WHIRIE L, MY S EEMENT 5. FrA i
~10cm F£ £ O v~ ki i 8 72 e ds. MCAER
1300-4500 4E% /79, 12.74, 14.85m OAF K
DEMRITH 4500 ETHBDICH LT, ThHidkl
DN H % 13.14m O HEERHERIZH 2800 F &
HLWENRZRT. N5 2 DORFERHEAD
ZFEFALCTHAHT DD, HOKRFDHEHEREL TV
LAMREMED EWV. Z T T, Thb 2K 0FENE
FRV T, YT-2 1349 1300-2800 EICHERE LTz &%
AbNns.

YT-1 (7% 0.0-6.0m) : ‘&4 ; R CO D

KA — Tk, #4%; 0-400 4F, R 2O
BB ARAMT, EALCmh - TIRAZISHRIE L,
fIEIAS <, HRE R S REEnL, —77,

o S W M Unit S W M Unit S W M Unit 30 S W M Unit
.| -
=
LEE o <
1 = = l??
&
= W
2_
w
¥ S
~
=== =
e I
& I .
380 L >
+40 47 l
T >43500
735 "] &
+40
e B >43500°°
@
1K
u &
B T
e
)
=
>43500
— — - 40
Relative abundance
Grain size 5
Parallel = .
14C date > wood/ ?;5 == Elaminaﬁons.'heddings 5 S'_She" fragments
(yr BP) plant material vfs Cross beddings g W, wood/plant fragments
=+ Shell (ﬁgt‘f El Bioturbations/Bu § M;Mud ball

H2MX
Fig.2

NiO9-YT fHIRX.

Sedimentary column of the Ni09-YT core.



PR 21 R IR OOMNEL - TENTEERA PSS

B2k EEREAD IR

Table 2 Results of radiocarbon dating in cores.

Boring sample No. Depth (m) Material Conventional radiocarbon
age (yr BP)
Ni09-YT 410 wood 380 + 40
Ni09-YT 435 shell 730 £+ 40
Ni09-YT 6.29 shell 1900 + 40
Ni09-YT 6.66 shell 1360 + 40
Ni09-YT 9.32 plant material 1590 + 40
Ni09-YT 9.61 shell 2030 £ 40
Ni09-YT 10.64 wood 2000 + 40
Ni09-YT 11.11 shell 2500 + 40
Ni09-YT 12.74 wood 4450 £+ 40
Ni09-YT 13.14 shell 2810 + 40
Ni09-YT 14.85 wood 4560 £+ 40
Ni09-YT 18.38 shell 5580 + 40
Ni09-YT 18.76 wood 5630 + 40
Ni09-YT 20.31 plant material 5880 £+ 50
Ni09-YT 20.58 wood 6510 + 50
Ni09-YT 2416 plant material 7420 £ 50
Ni09-YT 24 .85 wood 9340 + 50
Ni09-YT 26.68 plant material 9300 £+ 50
Ni09-YT 28.50 wood 9370 + 50
Ni09-YT 34.05 wood NA (>43500)
Ni09-YT 35.35 wood NA (>43500)
Ni09-YT 39.53 shell NA (>43500)
Ni09-AG 465 wood 140 £ 40
Ni09-AG 12.60 wood 290 + 40
Ni09-AG 12.65 plant material 180 £+ 40
Ni09-AG 16.10 wood 700 £+ 40
Ni09-AG 21.62 wood 450 + 40
Ni09-AG 21.65 wood 1040 + 40
Ni09-AG 22.86 wood 910 + 40
Ni09-AG 25.10 shell 1210 + 40
Ni09-AG 26.58 wood 960 + 40
Ni09-AG 28.40 shell 1260 + 40
Ni09-AG 28.70 wood 970 £+ 40
Ni09-AG 30.44 wood 1130 + 40
Ni09-AG 33.75 wood 1280 + 40
Ni09-AG 34.78 shell 1780 + 40
Ni09-AG 35.15 shell fraction 1870 + 40
Ni09-AG 37.43 shell 2050 + 40
Ni09-AG 39.43 wood 1900 + 40

PR D 5. T4 lem L RO~ R
A=)V G H, TATHEH LY R D BIR S NS,
CNSJFHK ) 2 B HEE L 72l Y A8 O HEREER
B, SBPURC O KEZEB DR 2 2 TEEL TV
LEZBND. YT-TZHBEMEILZZ D7

W, Hix Lt 43500 FLARTNCHERT U 72 O E
T, mArOKBOEKEGRBIEHZRT LB X
bN%. BIEFETYT-5, 6 OHEREREEZHET 5 C
CIRHEL WA, Hfr il 2 ad C L Sk
JEDRREMEMN D 5. YT-4 IZHBGER OWEZ ST
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Fig.4  Profile of seismic survey in Yotsugouya area and sedimentary column of Ni09-YT. The location is shown in Fig.

1B.
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Fig.5 Profile of seismic survey in area of Agano River mouth and sedimentary column of Ni09-AG. The location is
shown in Fig. 1C.
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Offshore-onshore integrated seismic reflection survey in the southwest of
Niigata coast, central Japan: data acquisition and processing

M e PR - R 2 - BRI - A BRI B WKIE L
Kyoko Kagohara', Naomi Kano®, Kazuo Yamaguchi’, Toshiyuki Yokota®, Takayuki Go",
Akira Fujiwara® and Nobuyuki Shimizu*

Abstract: The offshore of Niigata, where earthquake source faults that causes the 1964 Niigata Earthquake and the 2007
Chuetsu-Oki earthquake are distributed, is located in the high strain rate belt. However, most of offshore geology is poorly
known due to limit of observation. To obtain the integrated seismic data in and around the Niigata coastal area, we conducted
offshore-onshore seismic reflection profiling across a northern extension of inland active reverse fault along the eastern foot
of Kakudayama. Along the offshore part and the onshore part of the seismic profile, 120ch hydrophones and 180ch geophones
were deployed, respectively. The source used in offshore survey is an air gun array (80 cubic inch), and in onshore survey
is one middle vibrator truck (ENVIRO-VIB) with 10-80 Hz signals. The survey source spacing of both surveys was 5 m,
and also receiver spacing was 10 m. The obtained seismic profiling data were processed by conventional common mid-point
(CMP) methods.

F—U—F ERER, DR, BRERSRANEERE, CMP HETA

Keywords: Niigata coast, littoral zone, offshore-onshore integrated seismic reflection profile, CMP stack method
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B (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)
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Fig.1 Geology and seismic lines around the survey area.

The geologic map is after Niigata Prefecture Geological Map Revision Committee (2000). The distribution of

active faults is after Ikeda et al. (2002).
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Fig.2 Conceptual image of offshore-onshore integrated seismic reflection profiling.
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Table 1 Data acquisition parameters for the Niigata 2009 seismic line.
(a) LL line, (b) LM line, (c) ML line, (d) MM line

(a) LL seismic line

(b) LM seismic line

Length of seismic line 3150 m Length of seismic line Off-side: 1200 m,
Receiver parameters Shore-side: 1200 m
Receiver Geoophane, group of 6 Receiver parameters
Natural frequency 10 Hz Receive Hydrophone
Receiver interval 10m Receiver interval 10m
No. of receiver points 316 No. of receiver points 240
Source parameters Source parameters
Source ENVIRO-VIB Source ENVIRO-VIB
Shot interval 5m Shot interval 5m
No. of shot points 576 No. of shot points 203
Sweep frequency 10—80 Hz Sweep frequency 10—80 Hz
Sweep length 13 sec Sweep length
No. of sweeps 4 (standard) No. of sweeps 4 (standard)
Recording parameters Recording parameters
Instruments DSS-12 Instruments Geode
No. of channels 180—192ch No. of channels 180 ch
Recording length 15.99 sec Recording length 15.99 sec
Pre-trigger 10 ms Pre-trigger 10 ms
Sampling rate 1ms Sampling rate 1ms
(c) ML seismic line (d) MM seismic line
Length of seismic line 1800 m Length of seismic line Off-side: 1200 m,
Receiver parameters Shore-side: 1200 m
Receiver Geoophone, group of 6 Receiver parameters
Natural frequency 10 Hz Receive Hydrophone
Receiver interval 10m Receiver interval 10m
No. of receiver points 180 No. of receiver points 240
Source parameters Source parameters
Source Air gun (80 cu inch) Source Air gun (80 cu inch)
Shot interval Sm Shot interval 5m
No. of shot points 1102 No. of shot points 1146
No. of vertical stacks 1 No. of vertical stacks 1
Recording parameters Recording parameters
Instruments DSS-12 Instruments Geode
No. of channels 180 ch No. of channels 120 ch
Recording length 3 sec Recording length 3 sec
Pre-trigger 20 ms Pre-trigger 20 ms
Sampling rate 1ms Sampling rate 0.5 ms

%, ENVIRO-VIBE (IVI #:%4; 25 3 X -b) Z{HH L7z,
IR D Sweep FPEEIE T X N DR R ZBEE X 10—
80Hz, EEESFIEHAET A M & Lz, FHEWR, LL
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FRICHAAAATZ T —T I (XA —T )b 5 4 X -a)
ZURERICEEE U, IR & BRI TR L
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Fig.3 Land survey equipments.
(a) Receiver. (b) Seismic source (ENVIRO-VIB).
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Fig.4 Sea survey equipments.
(a) Receiver cable, (b) Seismic source (Air gun).
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Fig.5 Flowchart of individual data processing by Common mid-point method.
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Table 2 Processing parameters for the CMP of the Niigata2009 seismic data.
(a) LL line seismic data, (b) LM line seismic data, (¢) ML line seismic data, (d) MM line seismic data

(a) LL seismic line

CMP Sorting CMP interval: 5 m
Gain Recovery Gain: t'?
Deconvolution Gate length: 1000 msec, Operator length: 200 msec

Sliding velocity: 2000msec, Predictive distance: 1msec
White noise scale factor: 7 %

Static Correction Time-term method, Two layers model

Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 20 CMP
Trace balance (AGC) Gate length: 50 msec
F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces
Band Pass Filter 5/8-60/70 Hz

(b) LM seismic line

CMP Sorting CMP interval: 5 m
Gain Recovery Gain: t'?, AGC gate length: 600 msec
Deconvolution Gate length: 1000 msec, Operator length: 200 msec

Sliding velocity: 2000 msec, Predictive distance: 1 msec
White noise scale factor: 7 %

Static Correction Time-term method, Two layers model

(shot statics) Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 16 CMP
Trace balance (AGC) Gate length: 100 msec
F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces
Band Pass Filter 5/8-60/70 Hz

(¢) ML seismic line

CMP Sorting CMP interval: 5 m

Gain Recovery Gain: "2

Pre-Filter Band Pass Filter 5/8-80/90 Hz
Deconvolution Gate length: 2000 msec, Operator length: 200 msec

Sliding velocity: 1500 msec, Predictive distance: 1 msec
White noise scale factor: 0.5 %

Static Correction Time-term method, Two layers model

(receiver statics) Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 40 CMP
Trace balance (AGC) Gate length: 300 msec
F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces
Band Pass Filter 5/8-60/70 Hz

(d) MM seismic line

CMP Sorting CMP interval: 5 m

Gain Recovery Gain: "2

Pre-Filter Band Pass Filter 5/8-80/90 Hz
Deconvolution Gate length: 2000 msec, Operator length: 200 msec

Sliding velocity: 1500 msec, Predictive distance: 0.5 msec
White noise scale factor: 0.5 %

Velocity Analysis Constant velocity stack, Velocity scan interval: 40 CMP
Trace balance (AGC) Gate length: 300 msec

F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces

Band Pass Filter 5/8-60/70 Hz
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Fig.6  Example of the LL line shot records.
Shot record at SP.603 (a), SP.800 (b) and SP.1199 (c) are shown with 4 fold vertical stacks and trace balancing.
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Fig.7  Example of the LM line shot records.

Shot record at SP.603 (a) and SP.700 (b) are shown with 4 fold vertical stacks and trace balancing.
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Fig.8  Example of the ML line shot records.
Shot record at SP.561 (a) and SP.1 (b) are shown with trace balancing.
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Fig.9  Example of the ML line shot records.
Shot records at SP. 120 (a) and SP.440 (b) are shown with gain recovery. Left: Off side spread, right: shore side
spread.
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Fig.10  Niigata 2009 seismic survey line and CMP stacking line.

The green line is the Niigata 2009 survey line and green numbers are receiver point numbers. The blue line is
Niigata 2009 CMP line and blue numbers are CMP numbers.
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Table 3 Processing parameters for the integrated CMP data.

Time Correction
Offset Limitation

Residual static correction

Velocity Analysis
Band Pass Filter
F-X Prediction Filter
Post-stack Migration

LM: -4 msec, ML: +10 msec, MM: +6 msec

LL: 0-1500 m, LM: 0-1500 m, ML: 0-1500 m, MM: 0-1000 m

4 msec

Constant velocity stack, Velocity scan interval: 40 CMP

5/8-60/70 Hz

Gate length: 15 traces, Operator length: 3 traces

Kirchoff migration

Velocity scaling: 0-1sec=70 %, 1-2sec=90%, 2-3sec=80%
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Subsurface structure of the Western boundary fault zone of Nagaoka Plain,
based on high-resolution seismic reflection data

MG | R 2 - BRI S - Rt
Kyoko Kagohara', Tomio Inazaki’, Atsushi Urabe’ and Yoshinori Miyachi"*

Abstract: We conducted a high-resolution P-wave reflection survey to reveal the subsurface structure of the Kakudatama toen

Fault. The Kakudayama toen fault is northern portion of the Western marginal fault zone of Nagaoka Plain, is distributed in

littoral zone of the Niigata coast, central Japan. Along the seismic profile, 240 channels of geophone arrays were deployed.

The source used in this survey was an impactor JMI-200. Survey source spacing was 2.5 m, and also receiver spacing was

5 m. The obtained seismic profiling data were processed by conventional common mid-point (CMP) methods. The obtained

seismic section indicate that east-facing folded reflectors which are correlated with middle Pleistocene to Holocene strata

were deformed by active folding of Kakudayama toen fault.

F—U—F : REPFEIURRIE S, WEE, KORAMERSE, CMP HATL, HihE

Keywords: Western marginal fault zone of Nagaoka Plain, active fault, seismic reflection data, CMP stack method,

subsurface structure
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The geologic map is after Niigata Prefecture Geological Map Revision Committee (2000). The distribution of

active faults is after Ikeda et al. (2002).
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Fig.2  Detailed topographic map showing location of the GS_MN_CDP survey line (Purple line) with CMP numbers.
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Table 1 Data acquisition parameters for the GS_MN_CDP seismic line.

Length of seismic line 1500 m

Receiver parameters
Receiver Geoophone, group of 4
Natural frequency 28 Hz
Receiver interval 5m

No. of receiver points 600
Source parameters

Source JMI-200
Shot interval 2.5m
No. of shot points 599
No. of sweeps 8
Recording parameters
Instruments DSS-12
No. of channels 240 ch
Recording length 2 sec
Pre-triggre 10ms
Sampling rate 1ms

21T, TOWHRIC K > T2V ORFOUEEITED 5N
Tehy, A BN T BHMR 7R S S 13 A E ERF 0.7sec DA
XTholz.
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Re-processing of offshore-onshore seismic reflection survey data
in Niigata coastal area

DOEPIEEL ' - BRSO 2 - BRI ° - LA !
Naomi Kano', Kyoko Kagohara®, Toshiyuki Yokota® and Kazuo Yamaguchi'

Abstract: We re-processed parts of two seismic reflection survey lines in the coastal area of Niigata prefecture conducted by

JNOC (Japan National Oil Corporation; presently Japan Oil, Gas and Metals National Corporation). They are two lines from

“Shallow coastal area in Niigata — Toyama” in 1990, one is an offshore line along the coastline and the other is an offshore-

onshore line across the coastline. We selected the parts crossing the Kakuda-Yahiko fault in the area from 37°49'N to 37°54'N
and from 138°50'E to 138°57'E. We interpreted geology and the Kakuda-Yahiko fault.

Keywords: seismic reflection survey, re-processing, Kakuda-Yahiko fault, Niigata coastal area, air gun, dynamite, geophone,

gimbalphone, hydrophone
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Table 1 Array radii in the microtremor array observations conducted in this study.

Site name  Array name Array radii (m)
L 3464.2, 2598.2, 1732.1, 866.1
KMDN M 1732.1, 866.1, 288.7, 115.5
S 115.5, 46.2, 23.1, 5.8
L 3464.2, 2598.2, 1732.1, 866.1
SMKM M 1732.1, 866.1, 288.7, 115.5
S 115.5, 46.2, 23.1, 5.8
L 1443.4, 894.9, 303.1, 144.3
WJIMC
S 173.2, 57.7, 28.9, 14.4
L 1443.4, 894.9, 303.1, 144.3
MCHN
S 173.2, 57.7, 28.9, 14.4
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(a) Niigata region, (b) Okunoto region.
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Development and field experiment of an ocean bottom gravimeter
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Shigeo Okuma', Masao Komazawa' and Atsushi Oshida’

Abstract: A new ocean bottom gravimeter has been developed to better understand the subsurface structure of the transition
zone of the Japanese coastal areas. The gravimeter consists of a Scintrex CG-5 gravimeter as a gravity sensor with free
gimbals suspensions and a data logger within a pressure-resistant spherical container made from titanium. Observation data
can be recorded to the data logger at a frequency of 6 Hz. A field experiment for the gravimeter was conducted in February
2010 in the Kaneda Bay of the Miura Peninsula, Kanagawa Pref. Gravity measurements were carried out at three gravity
stations on the sea floor at depths from 20 to 40m below sea level. The observation data were retrieved from the data logger
after the short cruise of the experiment. Tilt and temperature corrections were made for them after a conversion from raw
data to relative gravity values from the base station at the port. The absolute observed gravity values were finally determined
by tying to absolute gravity stations. All measured gravity data were referred to the Japan Gravity Standardization Net 1975
(JGSN75) and normal gravity values were calculated according to the Geodetic Reference System 1980 (GRS80). Bouguer,
terrain and other corrections were made by the standard procedure of gravity data processing at the Geological Survey of
Japan (SPECG1988). The Bouguer and terrain corrections were carried out as an effect of bounded spherical crust and actual
topographic undulation relative to the spherical surface, respectively, within the same distance range of 60 km. The density
for both Bouguer and terrain corrections is taken to be 2.3 g/cm’. Bouguer anomalies at the gravity stations on the sea floor

seem to conform in amplitude with regional gravity anomalies compiled mainly by shipborne gravity surveys.

Keywords: ocean bottom gravimeter, sea floor gravity survey, Kaneda bay, Miura peninsula, Bouguer anomalies
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Fig.1 Schematic diagram of the new ocean bottom gravimeter.
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Fig.2  Photos of the new ocean bottom gravimeter.
Left is the gravimeter with a hat on it. Right is the one without a hat.
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Table 1 Outline of the new ocean bottom gravimeter.
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Fig.3  Location of observation points.
Red solid circles indicate gravity stations on the sea floor.
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Fig.4 Schematic diagram of ocean bottom gravity measurements of this experiment.
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Table 2 Outline of the field experiment of the ocean bottom gravimeter.
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Fig.5 Observed raw data of the gravity measurements by the ocean bottom gravimeter at the base station of the Mikasa

Pier in the Yokosuka Port.Fig.

(a) Before the survey, (b) After the survey. Upper panel: tilt variations of the gravimeter along x and y axes,

Lower panel: observed relative gravity values.
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Fig.6  Observed raw data of the ocean bottom gravity measurements in the Kaneda Bay of the Miura Peninsula.
(a), (b) and (c) indicate observed values at the Gravity Station 1, 2 and 3, respectively. Sea also Fig. 5
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Fig.7 Bouguer anomaly map with the locations of the observed gravity stations of the experiment.
The gravity map was modified from Ueda et al. (1987). Assumed density is 2.3 g/cm’. Contour interval is 5
mGal. Blue crosses (Base, 1, 2 and 3) indicate the locations of gravity stations of this experiment.
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Table 3 Results of the ocean bottom gravity measurements.
Station LAT. LONG. HEIGHT RAW-G TILT X | TILT Y TEMP. COR-G SD ABS-G
Name (deg) (deg) (m) (mGal) (arcsec) (arcsec) (arcsec) (mGal) (mGal) (mGal)
Base 35.2842 139.6744 1.22 3766.186 73.883 32.490 -0.051 3766.254 0.305 | 979765.730
1 35.1914 139.7040 -19.59 3773.755 47.077 312.622 0.017 3774.913 0.243 | 979774.275
2 35.1862 139.6987 -19.97 3773.687 68.714 213.625 0.474 3774.331 0.256 | 979773.703
3 35.1794 139.7013 -41.65 3778.208 188.825 162.836 0.021 3778.937 0.231 | 979778.323
LAT. : #8/%, LONG.:#%/%, HEIGHT : #IliZfEe, RAW-G (mGal) : ¥ & CHR ML AT O EI 4, TILT X, TILT_Y : HARtD X,

Y SR}, TEMP. : &1
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Table 4 Results of a gravity correction for the observed gravity values on the ocean bottom.

TIDAL
Station LAT. LONG. HEIGHT ABS-G NOR-G FAC BGC TC F-A B-A
HEIGHT
Name (deg) (deg) (m) (mGal) (mGal) (mGal) | (mGal) | (mGal) | (mGal) | (mGal)
(m)
Base 352842 | 139.6744 1.22 0.02 | 979765.730 | 979757.918 1.246 | -0.118 0.253 9.058 9.194
1 35.1914 | 139.7040 -19.59 0.28 | 979774.275 | 979750.017 | -5.176 1.898 1.359 | 19.082 | 22.338
2 35.1862 | 139.6987 -19.97 0.15 | 979773.703 | 979749.576 | -5.294 1.935 1.394 | 18.833 | 22.163
3 35.1794 | 139.7013 -41.65 0.01 | 979778.323 | 979748.996 | -11.985 4.034 2337 | 17.342 | 23.713

LAT. : #&%, LONG. : #%/%, HEIGHT : J5&£4% &, TIDAL HEIGHT : #ifi7, ABS-G : #uXf= /14, NOR-G : F¥i&E /j, FAC: 7V —=T

T HRIE A+ K&MHIE, BGC @ 77— —HfiiE -+ KHhfliE, TC : MEHIIE, F-A: 7U—T 78, BA: 77— —5H.
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BB 20 Ji5ro 1 BN
1:200,000 geological map around the coast of Niigata district

Prodest ' - RIRTER ' - MR B

Keiji Takeuchi', Masanori Ozaki' and Taku Komatsubara'

Abstract: The 1:200,000 geological map around the coast of Niigata district was created for seamless integration of land and
sea geoinformation. The district in the backarc region of central Japan includes the Echigo, Kashiwazaki, and Takada Plains
surrounding Higashiyama, Uonuma, Higashikubiki, and Nishikubiki Hills in the Honshu main land and the Sado Island.
The district is mainly composed of Early Miocene to Quaternary sedimentary and volcanic rocks. They are stratigraphically
divided into eight stages: Mikawa, Tsugawa, Nanatani, Lower Teradomari, Upper Teradomari, Siiya, Nishiyama, and Haizume
stages. The Neogene strata are total 6,000m in thickness and mainly composed of marine sediments except for the formations
of the Mikawa stage. The Pleistocene upper formations show the change in sedimentary environments from marine to fluvial.

There are many reverse faults and folds trending NNE-SSW which represent the basin inversion in the Latest Miocene and

Quaternary times.

Keywords: 1:200,000, geological map, Niigata, reverse fault, active fault, Miocene, Pliocene, Pleistocene, Holocene

w5

AHUEMIE, WA LEE DR - 1w
AR ICBU BTRR 21 RO B SR O —ER &
UTIERE NI, DT — 2THE DO THIE Sz
B U TgriEin R oD 20 H0 0 1 EXKTH 5.
AU, Yo IRDREM NIy T Ly 7 A
A ~WERT I E R S 2 N GICE S T, i
Hrit~ S OHERE S N O N LS FE AN AP I 1 (T
feLCoatid 2. MBIl B ALK Ok
TIEKE Nz & EZ SN BRERDNIEFZ B E
L, Efic3kiBEs 58X 51c/k%. - L
MIETICZ—E XA Mx EDENFROHERTS N 5 7%
D, KENLIERZMES . BRI 3 E
Lixb, HRBON LN ER T L, Jtdtdi-mrE
FE/TIAIOWE - FIRSENFET 5 K5I k>T. &
B MDA HERE T 2 K 51k b,
HH T HE DU AR T2 7 & OSPEFES & Z D JHA D Fr
B2 « LRI O FAU NS B L HERE Y-S0 TR -5 ~ g 2 T
HHERYIMN 2 L TV 5.

WEB =R~ RUROME GG X, IR LA
DFEFEIS TR ANOEHIC K> TERE Nz E N5t

ALBR-FIF U5 1 DR - WIS X DR O T 5N,
—HBIXTEME & UCHEET B,

1. 3UBHIC

FESENT HRTAR O HIEER K MITRFICE T % 7e in il
OME T RFE I AR RTH 2D, MWHHE EOE
RTAHIFIDIE A, GEARI R & i D HUE R A YAl 4
IKEH SN, IR ENET—2OELRE>TH»
T etdb, IBFERIEHEFROZEAE 2% T
EMEhotc. TORYD, PERPHIIERHERAE > X
—T&, PRk 20 FEN SRR ALE L LT Tih
PRI - FRWTER A ) 2 L, iR REEIC
BB 2— LU AR IO « RFImREO
A TEOMRZITO TV,

AHERE, FRE 20, 21 I TDNIHRRG
FRERIC B 2 Pt - ElTERE) O—BRE
LT, BHOT—RITHE DS RRINRE (B8 o
20570 1 EHNEZRELIZEDTHS. LUK, Z
DL RIS,

2. TEnAbE ) THE
VE RIS TR UL 0 _L - MR O B D — i 72

REERANR AU ERER G v 2 — IS HISEERY  (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)

— 105 —



SRR 21 R IR M - TETE R DTS

aH, - N E S & DRIC I3 ME 30-40km D
BT S . 20 J357D 1 HIBAXITIE TR
De e T B THRE ) Tay THIIT O—,
TEX oy & UCigmia, R, A ki, BaWs,
T, BTEEFT, TURT, A, e, —2&,
SRR, AR, _BEE, T, FEE, faid
i, FfgAT, SREUIT, Wi kO, B,
SHEEHT, FH_EHT, SRR, HSEIGHT, XNPRIAS, ArEghT

MUBESHNNEENS.

Hi~ O Fof — 1 Lh &SP - O IE T D 5 1A)
b —mm e e LIS —rave) A 1a RO
JHh, RB~TECTIETESER R, RSE R, R
Bl —Frd b, BRI B kg, BT,
I FHEET,  AOREEERDS, e S Tl M Lttt & (=
EENERENT WS, TS FEEF & g — L5
RIS KO ICTEWTEN 2 BFEE L T0a G 1 XD.

139°30
Ll

138°00"
50km

%1 HHRI R DY K TG ITIE D 79 4.

20 B 1 B E DESR

HiE BERZ 2R 1K [ L HE B R T OB 50m A v > a0 (B ICIED W TIERR.  Th T O 7041 (3 78 SRR &
WIZEFT DWG W IE 7 — 2 N— R (FEZERARHFE AR, 2010) 1CFED<.
Fig.1 Topographic features and distribution of active faults around the coast of Niigata district.

Graduated coloring and shade DEM is based on the Digital Map 50 m Grid (Elevation) made by Geographical
Survey Institute. Distribution of active faults after Active Fault Data Base (National Institute of Advanced

Industrial Science and Technology, 2010).
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Fig.2 T1:200,000 geological map around the coast of Niigata district (outline version) Marine geological map,
modified after Okamura et al. (1994,1995,1996).
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Fig.3 Summary of the geology around the coast of Niigata district.
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Activity of the shallow part of the western marginal fault zone of
the Echigo Plain, Takenomachi area, Niigata, central Japan

MR ' - E R - R e L ® - AR
Atsushi Urabe', Yoshinori Miyachi’, Tomio Inazaki’ and Kyoko Kagohara’®

Abstract: The western margin fault zone of the Nagaoka Plain is distributed from Ojiya City to the offshore of Niigata

City. The fault of western margin in Echigo Plain is a fault zone which constitutes the margin in sedimentary basin. Activity

such as displacement form and latest active time in the Holocene of the western margin division of Echigo Plain are not

clarified. We obtained and analyzed sedimentary facies analysis of two core samples, tremor array measurement and shallow-

layer reflection survey for the purpose of clarifying distribution and displacement of the fault in the Takenomachi region of

Niigata city. Deformation and flexure zone in the alluvium were confirmed from the shallow-layer reflection survey. By the

sedimentary facies analysis of the two cores, the displacement of the alluvium base level can estimate about 70m. The mean

vertical-slip rate of the fault of this region is estimated 1.8 to 2.0 mm/yr based on the vertical-offsets of the 7.2 cal kyr BP

upper surface of the estuary environment and facies correlation.

Keywords: active fault, sedimentary facies, seismic reflection survey, Holocene, Niigata Plain
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Table 1 Summary of radiocarbon dates.
. 14 ) : 14 .
G S_N M D_ 1 core Material 002‘;-52";'22::)3[)%;59- ng?;;t::)baii:tg:. Laboratory code
Depth (m) G.L (m) (yr BP) (£yr) Youngest Oldest

-24 1.60 plant material 1,370 40 1,260 1,340 Bata—-273205
-6.16 -2.16 plant material 1,630 40 1,410 1,610 Bata—-273206
-9.67 -5.67 plant material 2,900 40 g?ig 2228 Bata—-273207
-11.50 -7.50 wood 2,900 40 §?gg g;ég Bata-273208
-12.27 -8.27 plant material 3,000 40 3,070 3,330 Bata—-273209
-15.89 -11.89 plant material 4,640 40 5,300 5470 Bata—-273210
-16.73 -12.73 plant material 4,840 40 gggg ggig Bata—-273211
-18.66 -14.66 plant material 5,210 40 gg;g 2?2)8 Bata—273212
-20.90 -16.90 plant material 5,970 40 6,720 6,900 Bata-273213
-24.19 -20.19 plant material 7,070 50 7,800 7,980 Bata—-273214
-29.50 -25.50 plant material 7,060 50 7,790 7970 Bata—273215
-32.22 -28.22 plant material 7310 50 8,010 8,200 Bata-273216
-37.71 -33.71 plant material 7,930 50 8,600 8,990 Bata—-273217
-43.49 -39.49 wood 8,030 50 8,730 9,020 Bata—273218
—45.47 —41.47 plant material 8,130 50 21938 g;gg Bata—273219
-47.28 -43.28 wood 8,240 50 9,030 9,410 Bata—-273220
-50.12 —46.12 plant material 8,730 60 9,540 9,910 Bata-273221
-53.66 -49.66 plant material 8,940 50 9,910 10,220 Bata—-273222
-59.50 -55.50 plant material 8,930 50 9,900 10,220 Bata-273223

. 14 B 14
GS_NTN_1 core Material Cor(;‘:;’}:‘:::kl)ab(irlri;/ge: C;g?:;t:ibaii:tg;: Laboratory code
Depth (m) G.L (m) (yr BP) (£yr) Youngest Oldest

-2.46 4.68 plant material 1,220 40 1,060 1,270 Bata—-273193
-3.47 3.67 plant material 1,700 40 1,530 1,710 Bata—-273194
-6.40 0.74 plant material 5,770 40 6,470 6,660 Bata—-273195
-9.15 -2.01 plant material 6,150 40 6,940 7170 Bata—-273196
-12.23 -5.09 plant material 6,620 50 7,430 7,580 Bata—273197
-13.21 -6.07 plant material 6,900 50 7,660 7,840 Bata-273198
-16.69 -9.55 plant material 7,330 50 gg:g 22198 Bata—-273199
-18.40 -11.26 plant material 7,420 50 8,170 8,360 Bata—-273200
-21.81 -14.67 plant material 7,690 50 8,400 8,580 Bata—-273202
-24.10 -16.96 charred material 8,250 50 9,030 9,420 Bata—-273203
-25.83 -18.69 plant material 8,810 60 9,610 10,160 Bata-273204

4. HERTHI & AEACi
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Table 2 Survey parameters of TK1-SLS and TK2-SLS lines.

TK1-SLS TK2-SLS

Length of seismic line 600m 300m
Receiver parameters

Receiver Geoophone, group of 4

Natural frequency 40 Hz

Receiver interval 1m

No. of receiver points 300
Source parameters .

Source JMS-Mini65

Shot interval 2m

No. of shot points 150

No. of stacks 4
Recording parameters

Instruments DAS-1

No. of channels 144 ch

Recording length 2 sec

Sampling rate 1ms

NTN 27 Ti&, 2EICEYEBILEDORE LMY
VIV NER VIV NEz ke LT, MK EZPHET
ZEHN 5725, TD S BIEE 26.08~23.36m 131
BV b 2EE L UTNEIRGMEERD 2L iz JE
B2 BUHMEEAZRL TS, INbREE
AEW IV MDD S 75D ARUSEVIRRETH 5 T &
5, FHBOWREOMEZERE T HHEMTH D LH
AbNns.

F 7z, VR 21.31~19.05m & %% 16.66~15.81
mb&WE IV N EREE UTAREIRZAEIRD >V
MEZIEFICEZ L GUMRAEHMZRLTED, g
DREOFEE R L T H2HBYTHE L EZ DN
%. TS OMPHERYIE, EVETLEOTE L
WES IV RERVIV FEICHIEL TS T e D, T
AT 27 V) —ITRA LT E B ORISR OHEREY) T &
D, #700m N7z NMD 27 TR TERnT &
MO FHREEHEE VS D LRI TE 5.

NMD a7 Cld, FHOEE 70.0~53.0m &,
7RI DO FEE U T i~ R e 2 £k e T 5.
PHE E N2 0RPRE ) TIEAEMESUELRD 5N
LT ehHB. W 53.00~31.11m (%, EVELIE
DFGELTWE IV M RMmhiiE 2 £k 35, %
7z, JEIE 60~100cm FEET, EVBILEMNIE AL
75 HI WA TEERE D FEE U 72 )L b oMb i)
OifE L OHEZRTEMHE T ENS. WE 3111~
24.00m i3, b7 7HRREH OIS N B PRIDIE
AEYPEELIEDN F B NV TIEERER Y » TIVIEERZ 01 S H
~MHIRIID N D75 %, D OEHEZ, FAMICIE
EVHERLEDFEET BT e DT AF 27 VU —DOHERE

REZRL, T L0 b 7RIRESE ORI L
T~ ORI RD FE (3B L OO [T FEE U 7B T L &2
DHRMITH 2 LHEETE S, £z, MYIFNEZVE
ALY RN DRV EE A B ELRRY 5N T L
B, —RRRIEROREE Tl <, JUKPBIKITE
HRREZGATVREDEEZALNS. TNHODME
BICTENSHEYEIE, # 10~Tcal kyr BP DAL
729

JUIEHER T © NTN I 7 O 9.24~1.36m ; NMD

a7 DY 24.00~1.17m

NTN 27 Cld, #8RmES )V MEz Fihke LT,
FERICERG kG LSV N8 - R S R
DEEEET. M 2GR, WELEHLNS
T NS RRHRENRILEFOEHZ RL TS, B
FEOHEDN 5 AT E DR FEEREIEFED 5450
T L EMMMEEHATSH S, NMD a7 TlE, 2fkic
WE )V bR E AR g Z £k & LT, TET
SRR E IR LE R EL T 0B, i, T
J& 10m Rt TIRFIASEEL 2 L1 5l ~ IR R SO Hl
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R 2 EH, IREEED NS T & BILE
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Fig.3

Correlation of cores and accumulation curves of GS-NTN-1 and GS-NMD-1 cores. O~@ : Horizons of depositional rate

increases. Red line: accumulation curves of GS-NTN-1, Blue line: accumulation curves of GS-NMD-1.
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Fig.4 Seismic sections of TK1-SLS and TK2-SLS lines.
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Fig.5 Geological interpretation of the TK1-SLS section. Red circles in the figure show the small onlapped structure.
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Geological structure of the Alluvium from the bore hole core analysis and
high resolution shallow seismic reflection survey along the coastal zone
of the Niigata Plain.

(s LIS S 5 7SS 6 B S O = S 7] (718 il U252 = A S D
IVRRJEL B KIS

Yoshinori Miyachil, Atsushi Urabe’®, Susumu Tanabe', Satoshi Yasui', Tomio Inazaki',
Yukihiko Kamoi*, Toshinori Nakanishi’, Taku Komatsubara' and Kiyohide Mizuno'

Abstract: The western marginal active faults of the Niigata Plain are west-dipping reverse fault, have high slip rate. The
vertical-slip rate of this fault is estimated 2.8-4.0 mm/yr based on the vertical offsets of the 8.0-9.0cal kyr BP ravinement
surface and the around 5.5cal kyr BP pumice layer. We obtained and analyzed some drilling core samples along the coastal
line (GS-NIF and GS-NIK). We conducted high-resolution shallow seismic reflection surveying using Land Streamer at
Uchino, coastal area of the Niigata City to image on- and off-fault deformation structure in a faulted zone.

Based on the drilling core analysis, we interpreted seven sedimentary facies, meandering river sediments, salt marsh to tidal
flat sediments, offshore sediments, shoreface sediments, foreshore sediments, modern river sediments and dune sediments.
Salt marsh to tidal flat sediments are deposited since 16kyr to 10kyr, and relative sea level rise seven times in this 6kyr.

This salt marsh to tidal flat sediments distribute on the hanging wall side of the fault. Therefore relative sea level rise caused

by the subsidence of the fault activities.

Keywords: Niigata Plain, Kakuta-Yahiko Fault, Chuseki-so (alluvium), active fault, diatom, C14 radio carbon age

IEOFR TR REASM (GS-NIF) IZHBWTHR—Y T
ZHHIL, BlFR—U YT e2beTINS 2L
Te. iz, [FWEZ B AT 6 BIRRTC & o0 i RE B L

w5
HHE PR PaREl ORI K U2 DF 2 K& AP

THTVBAH - JREWEOTEENE 2T 52 &%
H L U T - it zieshiz. FHH I3 P 20 4
JEDOHRET, TOWEERATZRN— Y THEZIT
VY, T WTRE 2 AT IS R KT 2 iR oD IRF 22
WA 2 MaT LTRSS, M - snZkiE O LT
ZNHE L 2.8~4.0mm/yr ThH 5 L EZ Tz (FiZ
A, 2009). TR 21 A N RE 5 O #TE T X
HAJa 3 DI (GS-NIK), & (GS-NAK), PHiHXAT
¥ (GS-NTN), i (GS-NMD) 35 & UMZ )1 17a 14+

BEZITo o, ARG TR - I TR 51
7z GS-NIF,GS-NIK -R—V > 7 R GV OEE 402
SR TTT © To i RRERHEER ARG RIS DV Tl
EERE

CNS OFREDKR, Hrik T OHER A I 2RI
PHICHEE, PUkkOMAH - IREWEZIEEATRES
FEHIA ER LTS, COMEHEIERTROMD 2.8-
40mm/yr THh%. H—V 2 TREDOK R S A
OIS, 111K, YK~ K R B, P,

' PESERTR A TIZET M AR A > 2 — HEIEHITZEERY (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)
SR RS Bl 2 — (Recearch Center for Natural Hazzards and Disaster Recovery, Niigata University, Ikarashi Nishi-ku,

Niigata city, Niigata, 950-2181, Japan)

S A (Co., Ltd. Koka, Kyomachi, Minakuchi-cho, Koka city, Shiga, 528-0017, Japan)
RS BT (Co., Ltd. Kowa, Shinko-cho, Chuo-ku, Niigata city, Niigata, 950-8565, Japan)
SR EME NI E (KIGAM) , s ERIZEEM (Korea Institute of Geoscience and Minereal Resources, Gwahagno, Yuseong-

gu, Daejeon, Korea, 305-350)
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JE 1359 16,000 £ERiH 5 10,000 EFTICHERE L, 14.8,
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IKIFRBNENT &5 T DR KIE ORI LE >
THERILIzEEZBNS. TOHOIRUDWIEEE)IC
FESTRRRIC K > TlKMIRA LT ET B L, #1,000
FERATIEH LTV B T Lick 5.

1. BLBHIC

M4, 2007 EREEE S HIEE S il HiFE 72 & H A
F S DIRFREE CHIEED FAE L, KREAWEZ L5
Ulz. —7, FERITIR I NE TR & EEZNZTN
OHERZFITLTED, TOXS RiBNFEEZSD
g7 Ve L UEEKIEES N TV
V. AR U TOUIERR O Tz 1R FR
AL UTHEMU. FRCHE TR I X IEBIEED
ORI R-F R P c R LT s Oh
bk, 1996). ZDWN, FEFOILFEEBICIEAE - 9RERT
JE (i1, 1985) MREL TS CGE1IK). T0D

TEITTE X 2B A, A LR G
M, 2002), & UL, B FGRETRET OR TS
BT A GERRTHEWE T — 2 X— X & R,
2009) rElEENTVD. AFHE TIIEIC T OWE
M OHIERSEZIAS M U, WilE O7EShE %I 5
MCT BT eZANE LT, BEMTIADR—Y
7 & 6 IR ks EERE S BB R A 21T o T2

ARGl T ORFFEDO N, HEFERRAL THEAI L 72 3 A&
DR—=V 27 a7 BXC 2 ROP{ER—V >~ 7 DfiE
W& RIS DOV THE T 5.

s P ORI, FHET TREE mAHE
JE 150m 22 T\ 5 CGHrik R R 2 B3,
2002). MEEETHZARBENI T —F 7=
7 LCHRE N, #ESQEELRS & $E R O —iHE
EEORLTWS (ZHHEh, 2001, 2002). 0
HEE— RO DR LIS K DN 7 AT LHMiE—
%IBZ2H 0 R Lah S BUE O [ 111 % ThijtE U7z
ZEBMHSENTVS (MEBIED, 2006).

A - g Z W EOEEN IOV TR, FIHED
(1997, 2000) (& #rik i vl X &HT (&GS 7))
CIETERHT (PTEPET GS 3 77) TOR— ¥ JHH#EI
FOWT, MM - TREWTEOFE EFANEE IR 3

OO0 R—UvZiEktS

<) FEEEERE
©

@ AmEE

1 B AAIEK. O, K=V 7 a7 itz Uod . REILE RS R M EE R 2 (2002) I & 5.

Fig.1 Index map of the survey area. o means drilling site. The contour map from Niigata geotechnical consultants

association(2002).
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~4mm/yr TH2 LHEEL TS, T OHEEIEWIED
REfl O E 6 THEMOHERIEEIC L > THEENT
WBDT, HRFOHEKIED S P HERERE 2 Z 1 L T
Wi, L7ehi-> T, YREOHERTA R FTh - 7z
D 5IX,  FROZNGEE I KFHE L T2 AT
Nbn. T LIMERZEEZ, WREOEENK
DREWVIGFEE ChistiiXmEZES, 2002) I
BOTHHE - REWREOIGEIE 27 HEid 2 C &2 HIN
EUT, WiEZIZEE s 71N g 5 s o r2e
oAz et U7z,

R 20 FEEEICIE, T OWiTE Z B A THE T X
Jr B (GS-SGT; #E & 16.39m, WGS84 : N37° 48’
34.5", E138°52'15.9") BIUELEH M (GS-KNM ;
B & 2.74m, WGS84 : N37°49'58.4” E138° 55
47.17) ZHaHI L, Wi 7z il d 2 i o Re 2t oy
fizEfEt Uiz, ZORHE, oMotz Fihn
5, WEATIIHEREY) < BOK~HEKTmHMEREY) - Pt
REY) - SMEHEREY) - AR HERRY) - BRI MEREY) - BUIH
WB X EHEEDICK S Lz, ch 50Tl
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e~ FERSNEHERY Ot 35 KUY 5.4 TAERTO
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R 27, BEEICBWT 5 iSO R—1) »VJil#E
& 6 MR DGR L R AER AR EZ M LTz (58 2
).

W WwRETICBVL TR, FBTEX AR 3
T H O R K EE g A BR T Ot N IS B0 T 150m
7 I ADR—Y VTR MY % LIRS -
Tz E3E 402 BHRRICBWTHIEZ LT WIRHER TS >~
RA MU= —IC X% P kG s ik A 72 52 it
LTz.

Hri it IR Frie PR ERLIC BN T
W&, FERK 21 I GS-SGT, GS-KNM D 2 KD R —

V2T HIL, TOHRICH S AK a7 (ME
M, 2007) ZHbHETHREI L. AK a7 3 ERED
50m & MREEREE TEIEL TV > 272 U
Hi SIS BT 50m LAED WS O H| & 7 O fiki =2
1V, R—=V Y THRJELICB TP Y FA
U—<—HA (AKPLS) RUSHET Y FARY—X
—HA (AK_SLS) DOGHEREZIEL 7z
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&, FINEAH (1997, 2000) R 44iliEH» (2009)
DOR—=D) VTHENEBEINTE. ATy s b
TIE TS ORI X O Pallh 5K 21 FEEIC
Wil L—EEAZ L, WREEERmNA NS K
DVHICH BT EAVHAAL Tz, PRI NDWEEZ A
T2HE TRV THEZRBL, £z, FIMFD
B2 2 SR VWT T Y RA M) = — A E 5K
fiti L7z,

AHETIE 1. RO MEE O REICDOWT
WL, 2. Brisivup R E IS DV T REIR
& (20100, 3. i hivunf XAz BEIC DV T
FREIR I (2010), Z LT 4. Hrighivhifx &y~
PrEplT IS DV TIE MERIED (2010) THIET 5.

2. )itk
K 21 ISR OWEFRIRWVIC BV T 2 KD
a7 EPEEIL, ChUCiho 2ERE 402 SEHAVICE
WCT Y RRA M) = —IC X % mhE SR E e i
PREZEM LTz, A - VEWTEOTERERNC BT 2 %
ETPEX AR =T H ORI KRR ATt
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FrETi R KB O P KB I B TRHE R —Y
> 7 OYA (WGS84 : N37°52'28.9”, E139°1'30.4",
T 0.78m) B X U HE i vETH X 8 I B8\ THRHI
TN YA 7 (WGS84 : N37°46'28.3”, E138°55'
40.2”, #8E 1.2m, Tanabe et. al, 2009) O EfiEkT %
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139)

02 M HEEE LR OF MR =) Y, RO RKEHERENRR. R—1U > F L GSNIF : FrEmih kX M CR#RE),
Nishibori- : i R X P8 (AR E), MG-1: FrisdiFr ( M - @&, 2002 : Urabe et al,, 2004), GS-
NIK : i e RS, Py R - gnamivi Xy 82, NU: #Ek, OT-1: ¥iamiEeE (MBiEh,
2006), MG-1 : #FrigdiThp ( MER - @i, 2002 : Urabe et al., 2004), YA: #riEiifiis (Tanabe et al., 2009),
GS-KNM : Hris it X581, GS-SGT @ ¥R X R (Eiig 2, 2009), AK, GS-NAK : #rigizris (A
SUCHIRA . RERE A, 2006 : FREHE D, AEE), PTE GS @ Hris XTI, &GS Hrig KRl (R
JINEA, 1999), GS-NTN : Hrifipusti X /r8Hy, GS-NMD : g ipusifiX niEX ( MEIEH, AME), HZMK-1
~4 T HHE TG X ATEET FAD AR =Y > (HiE A, 2009). REFEER MR 1 HHE 1 FriE v pu KT i
~HPEEE GLUEiEd, 2009), #ilE GS_PLS : #RE e X NEFHNT L (), AK_SLS : #nemidi Xrs (fi
IE A, A, AK-L1 @ #rigdisuX R (NEBIEA, 2007). AK_PLS : #rif ity KR (RaRE», AHe),
MN_P : #rigivui Kz B (nEriEh, 1999), MN_S : #Hrifdiviif KAz RHX (FaiiiE A, 1999), GS_
MN_CDP : HrifmiraifiX i BHIX GEEUZ A, A, GS-TK1-SLS, GS-TK2-SLS : #rimhivtnb X e (Mg
Eh, A, Niigata2009 @ BHriginFaiEkez A GEEIED, AmE).

Fig.2  Drilling site and the lime of the seismic reflection survey around Niigata Plain.

ZREE L, WRERRICE TR K CE RS % e
BOEL, MR DR 2L 2 Mt LTz,
HERSHHIC DWW TR, Tl 7 HERS M 1 2 158 5 5 7
BT, HI P LERAS RO T T F A SAC-1
ZAEH L CHEWMOEAZER U, £z, EEIE
40kvp + 3mA - 8 PO THA T B 728 X HAY 1em |8
DA TR EER L5827 — )V 7o 7Y
2 )V X #tz % — NAOMI/NX-04S 7 i U T L
Te. EHICHEMIC, HERBREZHEE T 27DICAXT
AT A Rk U CEs A O RS Z b L 7z,

BAR—VD VTN TY ARV Y 3~ PS #iE,
avEex—Ta UE GGy U8, O, EEE
m BXOREREZB kol £z, HERIYINE
FHLMTT %D Tem® OF 2 — T30k % W T
# 25cm FEIbE TR X & L2 ME L.

—75, HERERICDOVTIE, a7 SEHL
TeRE F O ERE B ZIE LT, Thb2
CALIB 5.0. (Stuiver et. al., 2005) & IntCal04 (Reimer
et al, 2004) T AD1950 = 0 cal BP & U CJEERIE
L7e GB129.
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1R R ERMAEMRMEOBE. a:GS-NIK 27 OEME, b:GS-NIF I 7 OEFE.

Table 1 Summary of radiocarbon dates. (a: GS-NIK core, b: GS-NIF core).
Depth (cm) i Conventional age (BP): Calibrated age (cal BP): Sample ID
Material
Medium Top Bottom Medium Error Youngest Oldest (KIGAM-)
645 - - Plant fragment 420 50 320 540 |OTg090209
917 914 920 leaf 250 50 0 460 [OTg090216
1774 1772 1775 Plant fragment 510 50 490 650 |O0Tg090210
2624 2621 2626 Plant fragment 1320 50 1090 1330 |OTg090211
3537 3536 3538 Plant fragmenty 1570 50 1350 1560 |OTg090212
4616 - - Plant fragment| 2010 60 1830 2120 |0Tg090213
5222 5220 5223 Plant fragment| 2240 50 2150 2350 |0Tg090214
6735 - - wood 3460 60 3580 3880 |0Tg090215
8970 - - wood 8830 90 9610 10180 |OTg090217
9572 9570 9573 Plant fragment| 8900 100 9680 10240 |OTg090278
9610 - - wood 8540 80 9330 9700 |0Tg090279
9844 9843 9845 Plant fragment| 9530 90 10590 11160 |OTg090280
10055 10053 10057 Plant fragment| 11170 110 12750 13280 |OTg090282
10105 - - Plant fragment| 10940 120 12620 13100 |OTg090283
10163 10162 10163 wood 12560 110 14180 15170 |OTg090284
10430 10428 10431 Plant fragment| 11070 100 12680 13160 |OTg090286
10473 10470 10475 Plant fragment| 11530 100 13180 13640 |OTg090287
10590 10589 10591 Plant fragment| 11150 140 12700 13290 |OTg100038
10790 - - Plant fragment| 11220 90 12850 13310 |OTg090290
11079 11077 11080 Plant fragment| 11940 130 13450 14070 |OTg090292
11222 11221 11223 wood 11000 80 12680 13090 |OTg090294
11304 11302 11306 Plant fragment| 10760 90 12550 12880 |OTg090295
11662 11661 11663 Plant fragment| 12770 90 14650 15850 |OTg090298
11811 11809 11812 wood 12070 90 13740 14150 |OTg090300
11975 - - Plant fragment| 11490 100 13140 13590 |OTg090301
12280 - - Plant fragment| 12850 100 14900 16150 |OTg090302
12357 12356 12358 Plant fragment| 11440 90 13120 13470 |OTg090303
12563 - - Plant fragment| 12390 100 14040 15000 |OTg090201
12661 12660 12661 Plant fragment| 12590 90 14230 15180 |OTg090202
12871 12869 12873 wood 12750 110 14550 15900 |OTg090203
12985 12984 12985 Plant fragment| 12600 80 14240 15190 |OTg090204
13590 13587 13592 wood 14000 100 16820 17440 |0Tg090205
13739 13738 13740 wood 25120 220 29500 30380 |OTg090206
14191 14190 14192 wood 30040 350 33650 35210 |0OTg090207
14255 - - Plant fragment| 25480 300 29580 30880 |OTg100040
14326 14325 14327 wood 33160 410 36780 38770 |0Tg090208
: Depth (m) Material Convetnt|onal age (BP):| Calibrated age (cal Sample ID
Medium| Top Bottom Medium Error Youngest Oldest
2.20 - - wood -1640 50 modern modern |KIGAM-OTg100001
21.70 - - shell 2170 40 1650 1880 BETA270511
34.18 - - wood 2550 60 2370 2770 KIGAM-OTg100002
39.83 - - wood 2820 40 2800 3060 BETA270510
41.73 - - shell 3370 40 3120 3350 BETA270517
49.99 - - wood 4060 70 4420 4820 KIGAM-OTg100003
50.40 - - wood 3370 90 3400 3840 KIGAM-OTg100004
51.26 - - wood 3920 40 4238 4510 BETA270512
52.79 - - wood 4100 40 4450 4470 BETA270513
54.69 - - wood 4760 40 5330 5590 BETA270518
58.32 - - wood 5370 70 5960 6290 KIGAM-OTg100005
65.58 - - Plant fragment 5540 80 6180 6500 KIGAM-OTg100007
69.27 - - wood 6470 50 7280 7460 BETA270514
76.29 - - wood 8980 80 9780 10260 |KIGAM-OTg100008
7713 77.09 7717 shell 9490 60 10210 10490 |BETA270516
88.44 - - Plant fragment| 10010 90 11240 11960 |KIGAM-OTg100010
93.44 |- - wood 10380 100 11830 12570 |KIGAM-OTg100012
99.18 - - Plant fragment| 10740 120 12410 12930 |KIGAM-OTg100014
103.50 |- - wood 11050 120 12660 13170 |KIGAM-OTg100016
104.49 |- - wood 10740 100 12430 12900 |KIGAM-OTg100018
109.82 |- - wood 11060 100 12680 13150 |KIGAM-OTg100021
112.62 |112.61 |112.62 |wood 11300 100 12930 13380 |KIGAM-OTg100023
118.51 |- - Plant fragment| 11800 100 13410 13850 |KIGAM-OTg100025
124.49 |- - wood 12390 90 14050 14990 |KIGAM-OTg100027
131.38 |- - Plant fragment| 12640 100 14210 15450 |KIGAM-OTg100029
139.17 139.16 [139.17 |wood 11980 130 13480 14130 |KIGAM-OTg100031
141.45 |- - wood 12050 140 13480 14490 |KIGAM-OTg100032
142.08 |- - wood 13490 150 15640 16960 |KIGAM-OTg100033
151.36 |- - wood 13730 60 16690 17040 |BETA270515
153.62 |- - wood 24940 320 29130 30490 |KIGAM-OTg100035
154.82 |- - wood 30510 510 34120 36420 |KIGAM-OTg100036
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GS-NIF-1 M SEHE U7z 46 DA EMEYIFTIE, £
HERZZIC B O THI L 217 > To %I i E I E R
WF7Ekt (KIGAM) DO hin##sZ H T, 2 O TR
FEMMEZNE L. il E AR LR IcOn

ZRRKP ClEE IR 2R D IR UITVL, (a2
O FRWz. ZD1%, 1 HZED HCIL & NaOH % F v

TR 2 80° C TIAMREA L, BAREE
7o, T95 UCHILER 297> 7eilkhd, Ba{bdd & i
A a—)VEICEZER A LR, BT TCo, 24
B U7z (850°C, 2 Wef). ARhb &P OFEAEE R
E L7y awlg (NIST HOXII & FADEHIRrGESD &,
FRRICEHZEE A - BBEE Bz, 25 LTHEKRLER
Fretab, BEHERERIO CO,id, Mitg, #k7% fili
& L7k (Kitagawa et al, 1993) IC&->T
TI77A4 M Ule. MRIRDZ ST 74 M, FH
DHEMEREEZHNT X =7y e L, KIGAM D% >
T LInises 2 - TR PRz e Lz, il
TE U T U R 245, Reimer et al. (2004) @
F—2&+tw k& CALIB ver.5.0 (Stuiver and Reimer,
1993) ZfH LT, BHEMAICKRELE. &, A
72Tl "BP” (RNIAAD B IEAAD) LR LRVIRD,
“cal BP" (BRIEFAR) Z(HHT 5.

3. HERHI & 4EAC

3.1 GSNIK a7

GSNIK 2513 10 OHERHDREE N, £D5H
HEREAH NI2-2~9 ORI I TR E N
TeHERTH NIF-1 IS RICHET gL E 2 5N
% (55 3X). HEREAH NIF-10 (& N T HHH 5 75 % 1
+TH%B. AFETIENIF-10 ZFRVIZHERHAH ORI &
TR PR R A, 72 RS
3.1.1 HERHI NIK-1 (L3 gisiohkd)
PRI © 163.0~150.56m

BRI R 5755, VR 163.0~158.38m
T, T TRRRERMDNTEE S B i~ R
ZERELTBOWIINF v 2)VOEHZRY. RE
158.38~150.56m (&KLY fE O e &2 Pt 3 % i E
VIVREZE FERE L, R 155.0~152.0m OfF
AT o TRV P R S )L b A T
THREFILER OB Z /"9, REMICETEND
REYIFI&, % 38.2~29.8cal kyr BP DEEAERT.
F 7, B 153.38~153.37m IS HHET B Mt LK
(&, AT KLBICH LT E 5.

3.1.2 HMERTHI NIK-2 Cigfril Il HERTD)
P © 150.56~142.40m

I 150.56~146.0m F RIS A FE T 5 i~
IR 2 £ & LTH O MIIIF v 2I)VOEHZ R
T, R 146.0~142.40m (& HR~HRL D 0D 3
ZHET HREEEARET S, BEIIEYAEZ <
GH, RERILEROERSZ/RYT. AEICEENS
RE¥IF &, %9 16.9~16.3cal kyr BP OEEZERT.
X7z, YRE 146~149m OHRIRDEICIZRA R MHZ <
TEND. ThHOBARE, EREALERD AsK
KILPKICH LT E S,
3.1.3 HERiHI NIK-3 (BoKk~HkiHER )
RIS © 142.40~87.36m

TR 142.40~102.88m (X TICHYE S L b JE & Hil
Ri~HRiEOHEN 550, EYBILURORET %
JEHENRD BN G, EYHEBEUROFGEO A L, Hi
{EARHRRAICH D < & BOKIBHIE & KA
JELTHED, 5~6 EEEOHKKEEK GFK) DR
BOMOBELERLTWVS. HE 102.88~87.36m
AR OFEE U 72 SV b~ Mk b e & A
~HREOEEN 5% %. AEMICEEN S
&, # 15~11cal kyr BP DEMRfEA KT
3.1.4 HiRiHI NIK-4 (JHEHERTID)
%)% 0 87.36~77.17Tm

FEBSHIHEITR O K WO~ ORI e TR BRSO T
HAZRDENS. WIKOXOIER, HROFES S
JCRYELSHERI LTz ERRLTE D, FiEstEo
REZRLTOVS. ABEMICEENSMEMTE, K
10cal kyr BP Oz .
3.1.5 MERIHI NIK-5 QhEHERIPID)
PRI 0 77.17~50.40m

AEHERLE DVERE 77.17~77.00m &, )V Mg,
BAEf oz 2 < BRIk MUk E D, S 7%
5. BAEZREHRTHYD, EHORED SR O5%
¥ (50 HEMTHELEZILND. HE 77.00~
61.00m (&, EYVEELEOFGE U E /s TR
IR~ R & IV DO HE» 575 %, ik
M & RIS A TREEEANFEE U T MR D JE 7 A
TEHTENDHD. FEYEEIEDOFEE U TRk
JBIWE IV N EPET R e D, EHSHIRD
WERZIBRHEEXOIIFEOREEREL TS, ¥
7z, VKD K ORI HISO A T ER AR U T kRS
[ EIRFFICPRFEVEIRICE 5 SN DT, &
WHNCIIR OB Z ) 5RE X D IR OERETH S
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31 GS-NIK I 77 DHERIH TS & USRI R IR AL AR A A,
Fig.3 Sedimentary column of the GS-NIF-1 core sediment.

TERZFFL TS, E 61.00~50.40m FIEHIC
AEHEELOFEE U T e B MR D SO L S L
ZEAERELTED, FICHEE 52.00m LURIE AR
MEAEHZRLTVS. INSOEHIE FhEHEL
R UCRETH O, HEDHEITIC X ORI E YA
FowTENTEERLTNEEEZILNS. KE
MCEZENBHYAIE, # 7.0~4.4cal kyr BP DA
iz Rd.
3.1.6 HERiHI NIK-6 GhieHERI2)
PRI 50.40~21.77Tm

ERICEYBTUROFGE LR Eh 5755, K
BIE0RRE TH 0 EHINCIGR DR 2 % RS
KD IEFRVFENEEERL TS, AEMICEENS

REYIF &, %49 3.2~2.5cal kyr BP OFERfZ 1T .
3.1.7 MERSHI NIK-7 (JHEHERIR)
RIS 0 21.77~11.00m

TRE 21.77~21.6Tm &, FAbf iz 53
KO FNFA ~ WA E THRIKIZIRBH THS. T
NS REAHERYOEHZRLTED, BhRDXHIC
O g NN R T A T e D, HIK
DIRBMIETE—> AV M, EAHEDES -
AV NHERIEEZ BNS. ) 21.67~16.00m (3,
TTAD K~ MR RD JE C R A ESO A TR R AR
5N%. WIKO X OIEX, IROFER 5 ThE
PHERE L /22 & 2R L THED, FERYNEDEEZ /R L
TW5. I 16.00~11.00m &, kD XKW HR~
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MRS IE C b o 7 RIRISS N RET 5. b TR
RSB ORET HHIKO L VEE, s DT
FIVF—DPRDFHNUC X > TES N HED I
XoTERENS. Thbld, HFRRFREIRAR X 0%
W EESHEOHREI TH B L EZ BND. ABEMICH
ENZHEYAE, WEBVDIRND 1.7cal kyr BP
DMz RT
3.1.8 MERIHI NIK-8 (niiltHERin)
PE)E 0 11.00~10.00m
JEFISHRRD Ko h~HIRiED 5720, g
TPATHEERRMRE S 2. TR Oy MV RO
FEEH O =y MR MY DA XS ICEELTY
26055, WEOWKNI T &IE, TOWEH
TEH NS IR DB 2T CHR LT C L ZRET
%. B TR RTEHEREY ORI TH O, i
RO THZ L EZENS.
3.1.9 HiRiHl NIK-9 (iieHERI)
P 0 10.00~0.9m
RMIAD KOV~ R g2 £k &9 5. kD
BELUCHEDHITERNA OGNS LD S, O

KD & WOBKIC X % FATEEMN A SN AW EE, i
EMS B 76 SNTHERE L E A DN, HRIEHERY
ORI Y. LERdss < RIEREE O H 5 N B Hikii
JETHO, JBKOWOHERYEEZBNS. T OEHE
TRIEIC T HmOEMRERNME S N - Tz,
3.1.10 HERiHl NIK-10 (&1
P 0 0.9~0.0m

P TR SR L 723 Th B T2, KE
BTN TV 5.

3.2 GSNIF a7 (HiflihJeX A

GS-NIF-1 2 51& 7 DOHERMENEEET N, DS
B HEREFH NIF-2~7 (3O BRI TR
NIHERHH NIF-1 IS SICHET AMBEE L E 25
N5 (F4X). HEREM NIF-7 (SN L TEM S5 5 M
T TH%. RETIE NIF-7 ZFRWVIZHERTFH ORI & ik
SHERZAERE, fRZRT. A7 OBISAIRK &
RS 5 BISRT.
3.2.1 HERSHI NIF-1 (%i5iuHERT)
R 1 145.0~135.6m

pdIN
ZIN
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Fig.4 Sedimentary facies of the GS-NIF core.
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AHERGHHLE, MYIHROASNBIREOT )V Mg &
TRREM SR ENS GE6Ka, b). ¥ 137.6~
137.5m ITIFRIK D K LIKIEN A B, AT KL
LEZONDG. ARSI, HARERIEAH R
5NT, WYIENALND T &5, HKDFEEEDK
W, BKOBIRICBWTHIR L7 EA 5N 5. Kk,
Je bR & OTFAE I EARHERFE D BRI DI IC B 5%
HiE O X 5 ABBEICB O TEREN T L &2RT.

AHEREFD 51& 30.0~25.1kyr BP & 16.7cal kyr
BP DM MERZEFYEDNE SN T VD, 2D B
£ 141.9m h 5 ELNTZFAETHER LIz D L&
AbNns.

3.2.2 HMERSHI NIF-2 CrgfrifIIHERTHD)
P 135.6~110.9m

ARHEREFIIEE N Z NZ N 1~3m OWHELE & 28
DEENSRS 6K c, d). WEEIEPEE~HR
WoORRE & DOREMD DR E N,  FFHR bz R
TTEMNBV. i, WEEE LR Ed LD,
ZOHRMEED T LD, T 7TIRREREHE, &oh
R U7 PRI R, 794305 - Uy T
JEEANEZkT BT DB, VIV DRI EE DR
[BYII SRR E N BV, FEAIRIRD O 1T EL
NI L—T 0 Y UREE, YN, 2L TEZORE
Y DB ENS. AHERTHICIE, RibfaeAiEit
ORHLNT, WMYRAHRENZ T D, HKD
WEDR, POKOBRBICBOWTHRELIZEEZ LN
%. Efz, RERHCHASNZW T L—T ¢ > 7RI
H SRLER7 OJLIR UK HERY O/~ & 75 % HERE S
ThHs (BH - 8=, 1985). LIk 2 bRk
JE RO N O HERR G DO X, W)IF ¥ RV
EDMEICIE, FuEMA Lizc LIciERT 5 E%
ZbMN%. GSNIF-1 TiX, TOX S RILEREHERY
EWINF v 2VHEEYID 2R L TnWA T b
FREDMAEENCAES, W)F v 3V BILEEAD
REZLICK o TIEKE N EZABNS. TDOX
5 IR HEREHN A TR IS BV TR TH © - (Miall,
1992), ARHEREHHIXIET TR | [ HERSY) L AR T 5.

ARHERSHH 5 1% 15.2~12.7cal kyr BP DR
FERMEMESN TS, L L, ZTOZ JITHHER
LizbDeEZSNS. HE 1298, 1266, 1256,
123.6, 120.3, 114.3m M 5155 N7z 4 E I HERE
FERERTEEZLNS.

3.2.3 MERIHI NIF-3 (Yukd 5 LGEIHET % HER
™
) 0 110.9~96.2m
ARHERHIZEED 1~3m OWE L REOHEN S
MEn, BbaBRea, iy b HERTE 2
TELPENT 3. AR5 EYREA 2T S
% (F6Xe). WHEIIMN~PRORRZEE DR
BN SRR E N, CPARRRISEES AL - Uy
TIVEHDRHR SN, BEIZ IV IO EN, B
HBIMIC MR~ RIS & U X 2 A)Visil g 2 RS
% (F6KD. AR S I AIbaRARIEA D
FEHIT 2T M5, YUK BBKDOREIC IV THE
BlLizeEZONS., Tz, VAIHIVEHEEIZ
Y D578 % s e H % (Reineck and Singh,
1980). AHERGHIE FAI0D NIF-2 & A7) NIF-4 & H
MBI 2R SIS 5 2 e D, IS
RIS 7z EATVRIHERZ BT 2 £ 52 5N %.
LDz s, KRR EEEET 285 D%
BUIKBEMERINT S5 N TES.
ARHERIED 513 14.7~10.0cal kyr BP OfifthH iR
FEREMESNTWVS. L L, Z0O% T HHERM
Lkt orEZS6NS. HE 1035 99.5mh5E
BNTFERMEISHER R Z RS EEA BN S.
3.2.4 MERTHI NIF-4 (hieHeRith)
T 0 96.2~52.0m
ARHERHFHIZBLIRD >V b E~RYE ) B & RERR
Th (E6Ng h), YIVMNERCREGRY =,
BIREOHZ L AHND. AHERHNCIZ SV R D 5
LTHiddTenb, RBERIRKGEIRA X D &%
WEEICBW T AR Vg Vick>TEREN &
#z5N% (Walker and Plint, 1992). i->7T, &
HERSAH I HEREY) L R T 5 2 LIV TE 5.
AHEREFN 513 10.0~3.7cal kyr BP ORUER R
ERENEENTWS. ZDS5 B, %E96.1, 674
m M 5155 NEREIHEREREZ RTEEZ LN
5.
3.2.5 HERIHI NIF-5 (FiERyHIcHER)
%)% 0 52.0~17.0m
AHERHHIE QA 22 < PEHS 2 VTR0 B Rk
WhHRERRE N, SRS HIRIID> >V s & B s 72 7%
9 CE6MD. iz, MHTKRDEICIZRE MR
LT ERORRI SRR S U X TR AR NS (O
6 X ). FOIOHERIAR NIF-4 7 5 EkeIHRI LT %
ARHERAH I FEMEc B O THER L7z e E 2 6N, |
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KD BOIS IS RIS, JefE I KR AV
Va ko THELzEEZB5NS (Walker and
Plint, 1992). WJEhOfELMICER U7 FEARCIREIRS
JEEE Ny 7 IRRIA 2 R g e B B .

ARHERGHH N 5 1% 2.3~0.5cal kyr BP O RZEE
RIEMEFENTVS. T SERMEE R THRTEZ
IR EEZLNS.

(@)

%6 X GS-NIF-1 OHERHO B E, A —)b, 10cm.

€ ® (@ by O

3.2.6 HERIHINIF-6 (L-ByhieHERn)
P 0 17.0~2.8m

AHER AN A IR A £ 72 & s MoK D~ RSO ) e
MOREREHN GBE6 XKk, —iB IV MEZEPET 5.
WERCIE b T 7R GE6 KD AL b
Vo TIVEENRSNS. FALOHERH NIF-5 A 5 i
BN HIRIA L 3 2 ARHEREHIE By Ic 5V CHERE L
FeEZBNS. MEEROLZ IFEOBIRICE > T

(m)

(1)

(a) NIF-1, MR 137.90~137.40m, AT KiLKJEZEiEE U CREORKRERED SIKED )V FENEZ(L
3 %. (b) NIF-1, #il¥E 137.00~136.50m, {ER/E. (c) NIF-2, #RHI%E 134.00~133.50m, #HifEEE. (d)
NIF-2, ##HI%E 120.50~120.00m, KO )V Mg & @Ak E. >V MEICEEPIER A 5N %, (e) NIF-3,
PEHIEE 110.70~110.20m, EWYEEZ 5 7 HFIKEOMA ~ )L Mg, () NIF-3, #iHl%EE 109.70~
109.20m, MRS & >V b DU X AV E)E. (g) NIF-4, fEHIEE 84.50~84.00m, &IKEOBLIKT L kg,
(h) NIF-4, Jil%E 57.80~57.30m, BLIROBE L ME. () NIF-5, #iHli%E#E 38.60~38.10m, KD
IR E & B )V MEOEE. () NIF-5, J#HIEE 36.00~35.50m, FITEEMOA SN2 MkE. oy
7 ZFEE (Fam). (k) NIF-6, H#HIERE 13.90 ~ 13.40m, MOHLRiIfbE. (1) NIF-6, HiHIZEEE 16.75~16.25m,
b 7IRRREE O A DN BRI E. ey 7 AFEHE (BEE). (m) NIF-7, #iHI%E 1.00 ~0.50m, # 1.

Fig.6  Selected photographs of sedimentary facies identified in the GS-NIF-1 core sediment. Scale bar, 10 cm.
(a) NIF-1, 137.90?137.40 m depth in core, black-colored peaty mud bed turns into gray-colored silt bed bounded
by AT volcanish ash bed (AT). (b) NIF-1, 137.00?136.50 m depth in core, peat bed. (c) NIF-2, 134.00?133.50 m
depth in core, granule bed. (d) NIF-2, 120.50?120.00 m depth in core, gray-colored silt bed and very fine sand
bed. Rootlets occur in the silt bed. (e) NIF-3, 110.70?110.20 m depth in core, bioturbated bluish gray-colored fine
sand to silt bed. (f) NIF-3, 109.70?109.20 m depth in core, thin alternation of very fine sand and silt. (g) NIF-4,
84.50784.00 m depth in core, bluish gray-colored massive silt bed. (h) NIF-4, 57.80?57.30 m depth in core,
massive sandy silt bed. (i) NIF-5, 38.60?38.10 m depth in core, alternation of bluish gray-colored very fine sand
bed and black-colored silt bed. (j) NIF-5, 36.00?35.50 m depth in core, parallel laminated very fine sand bed.
Radiograph (negative). (k) NIF-6, 13.90?13.40 m depth in core, very coarse sand bed. (1) NIF-6, 16.75716.25 m
depth in core, trough cross-stratified medium sand bed. Radiograph (negative). (m) NIF-7, 1.00?0.50 m depth in

core, artificial soil.
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HRILIzLEZABNS. B, BAROSEL fiER
A7 LT, EEIMEIC BV TRG WIROKEE )
Mgz, MRV B HERTd 5 (Walker and
Plint, 1992). fit-> T, ARHERGHIE FEsRIc BN T
ERENEEZENS.

AHERFAN 513 0.5 & 0.4cal kyr BP Otk
FREMEENTEBD, ZDS B 0.4cal kyr BP DIF
REPHERTERZ R T EEZBNS.

4. FEBMEA & HERIBIHE
HEEA0HEE & UTHKORAIRZ RS %
HINT, YA 277 (108 #tkD, GS-NAK-1 177 (59 &bk,
GS-KNM-1 2177 (85 &kl XU GS-NIK-1 27 (65
k) THEL7z. ¥, GS-KNM-1 a771ic DV T,
TR 20 FFEEIC FERE L 7R 2 3 TRl 9 5.

4.1 Srbiiik

AR OILEN, SRRk EKIC K o Tlefk - EH
Zi79 FiE (B, 1985) ICit-> THEML, TLN
F— MoERBR AL, @ OFEREAIE LT 10
X 100 5D T 200 & TICET % X T o 7124,
1 DT L85 — kT 50 BAICE LRWadklid 2
TREERTBYI- . iz, MELEZITHENS 1K
DT LIRT— OB EZEEL, MREKDORHR
FEM D, H2IRER Img M0 OB R R L 7.
Img OB EIE, VR 10 8 &%, R:10~99,
C:100~999, A:1,000~9,999, VA: 10,000 i
Frl k& Uz, FEDRIEE Hustedt (1930a, 1930b-
1966), Krammer and Lange-Bertalot (1986-1991),
Witkowski et al. (2000) Z M\, 73%fA%(E Round
etal. (1990) ICfto7z. Fiz, MOARE GRKERE,
g~ T UK, VUKZERL, PR~ POk A, gokAERD (3,
Vos and de Wolf (1993) DiEh, /MAiEH (2006),
igEE D (1977) 7= EHADOBAERDOAEREICET %
ZROX2BE L L.

4.2 YA 7B 2RO RHE ORI & HERTBIBE
HIBLS 3 HgfEHk D2 b2 & i, a7 Rl EERE:
fEAIC KA HEX 2320 LTz, DUTRIC, &KX 0K
B 2 NICHED SHERREEIC DWW TN 5.
YA a7 Tk BN S YA-A~YA-E D 5 DICK7E
N3 GE7-aX.
421 YAARKS (G 1.7m~23.38m)
Img F OB ENE EMNICIEC L HEBTH 5. %

IKAEFEN B L, 5%LLNOWE - VUKAERE (ki +
W~V UKAER UK TRY, URARD) 288, 2
ICHKEED Synedra ulna, Encyonema minutum,
Cymbella turgidula, Gomphonema angustum,
Gomphonema parvulum, Fragilaria vaucheriae,
A~ ¥ /K fE @ Cocconeis placentula, Rhopalodia
gibberula 7% & O 45 /£ A 5189 5. Aulacoseira
J&, Cyclotella J&7 & DIFlEAEFRHIERTH S, %
IKTIKIE DB F O L < 700 iE O EREE D HEE
ENs. £, HE63m, 9.1m, 102m, 10.7m,
23.38m 1 % /KA % £ @ Eunotia [ A% 19~45.5% %
D, PR MK O WO A DB DHEE E N
5. EHIC, B 5.2m GBI EERD Tabellaria
J& (Tabellaria fenestrata & Tabellaria flocculosa)
M 47.5%, Eunotia J& A 39% 7z (5 &, i O IR E
MHEEE NS, —75, K 4.2m 3 HUKT 4
@ Cyclotella striata 2 3 % & %, K & 14.66m &
Rhopalodia gibberula 2V& 5L %5 2 &5, TN
5 DJFHETIE /K D82 2T T Al RetE D & %
(G 7-aXD YA-8, YA-9).

422 YA-B XS () 24.58m~26.08m)

Img H O EUE C~A & LRI Z V. IR 5
4k i @ Cymbella J&, Encyonema J&, Gomphonema
J&, Synedra ulnalC&EL & DD, FIKIHABEZRED
Achnanthes biasolettiana, Achnanthes linearis,
Achnanthidium minutissimum, Placnothidium
lanceolatum 7 EA LN Z < BT 5. g - VUKE
I 0.5% & D7, RO MAE DEREEHEE &
ns.

423 YA-CIK% (%) 28.20m~52.30m)

1mg FH DR #IE VR~C & — i iic 7w, 20
~80% D « VUKAEMD IMH TREN T 5 NS (B
7-aX @O YA-7). EE8 (PR 2820~39.70m) &
T ES (H E 48.92~52.30m) T E, W~ 7RIKIE
4= %8 @ Diploneis  smithii A% 518 U, #E~ /K JE 4
f# @ Tryblionella granulata 7z 5. % D% b ifE~
73 7K J& 2 ## @ Diploneis suborbicularis, Navicula
formenterae, Pinnularia yarrensis, 7K 7% i 2F f&
@ Thalassionema nitzschioides, % 7K {3 % 4= & D
Synedra ulna & E7Z2{£E5. —77, Wil (B 40.80
~47.52m) (& Thalassionema nitzschioides 7% £
<, g 2L V% il 4 fE o Coscinodiscus marginatus,
Neodenticula seminae, Thalassiosira excentrica, 73
~IKAT A ERED Rhopalodia gibberula, #7K{154:

— 138 —



HHR PR O R —V > 75k b R 7z O S

RO Synedra ulna 7% EZ2&fES . HERAH B
KA B, WIOBRE T, i TR EBOED
KEDoTTEMEESNS.

424 YAD XS ()% 53.02m~96.82m)

Img H DR EUE C~A L L2 v, 2R1
I UK £ & 4 F O Cymbella J&, Encyonema Jg&,
Fragilaria vaucheriae, Gomphonema &, Synedra
ulna, YR~K(FE A FED Cocconeis  placentula 75
ENZ L, FH~RKIEATE D Gyrosigma J&§ O 2 fi
(Gyrosigma acuminatum & Gyrosigma scalproides)
OHBRYE =7 DEEEDENS. £z, F - FUKE
ffid> Thalassionema nitzschioides, Diploneis smithii,
Diploneis suborbicularis, Gyrosigma distortum 7% &
ZR~20% . ERINICIE, W% EMgk O
2D MR BIHRM-SHIE OBRE N HEE T N 5.
g« FUKAERESD Gyrosigma JE D IHBIE — 7 WRED 5
NaEHE (G 7-aKD YA-2~YA6) &, K DiE/KkD
BN REN ST DEEZEND. 5, HE
75.08m & EFE 91.46m T, #IK{F#E D Eunotia
J& (Eunotia bilunaris %% <, Eunotia praerupta,
Eunotia minor, Eunotia pectinalis 78 Z4UCK <)
30~35% & R T, WM/KI o i iE O B D
HHLIZEDEEZENS.

425 YAEXSr (R 103.66m~119.56m)

Img FOBEUE C~A &L Z . MR
N YA-D KBS % & DD, Gyrosigma J& 3K
KTH5. iz, 1@EZROTHE - FUKERO
RKIFSRUTTHS. BIRIICHIKT, KEDHEXD
JRL TR OMIH OB AMEE S N D, T2/, RIE
104.16m & Thalassionema nitzschioides % 27.5% &
H, —HREITHR O B2 2T T2 D EEZ 5N (B
7-aX D YA-1). & 5IC, P 114.88m & Eunotia
JB7% 27.5% &, MK OMR- OB B L 72 C
EDPMEETE 5.

4.3 GS-NAK-1 2724 3 R b A REE ORI &
HERIBRBE

GS-NAK-1 217 Tid Efih 5 NAK-A~NAK-C © 3
DIicKrEns (& 7-b XD
4.3.1 NAK-A X%y (%)% 50.74m~83.49m)

Img H OB BUT EMICIE C BT TH B, 4
i B0 3% K (5 75 4= #8 o Cymbella J&, Encyonema
J&, Gomphonema J&, Synedra ulna &ZEWZL, 1§
~ ¥ IK K 4 T @ Gyrosigma J& @ 2 f# (Gyrosigma

o H B
E— I MN3mEOENS. iz, WKFEERED
Thalassionema nitzschioides Z#(~20%&35. #F + i
KA BB (REE 51.81~52.94m) TifF~TA/KIE
A4 fdD Diploneis smithii, Diploneis suborbicularis,
Tryblionella granulata 7% &% < FTIEMILET,
i~ VUKIE A48 D Gyrosigma  distortum *° Navicula
formenterae, VAKIFH#ERED Cyclotella  striata 7% £
NOITMICHBIT BETH 5. WKEREKDRA L
I WIS O AP IR O BRI AMEE SN 5.
i« FUKERICE TR 51.81~52.94m (3 7-b
@ NAK-6) %, Gyrosigma JEDHIBIE — 7 Ml 5
N5MEHE (F 7.2 XD NAK-3~NAK-5) &, Lhigmie
IKDFZEIWNREN ST DEEZBNS.

43.2 NAKB X5 ()% 84.14m~101.64m)

Img DB BUE — I A~C & 2. FEAE L
& F AL D NAK-A X 731 kL #& L C, Gyrosigma J&
% Thalassionema nitzschioides 2% X ¥ T & %.
Synedra ulna % { DL TELHEL XD, ZOD

& 7, Cocconeis placentula, Cymbella turgidula,

acuminatum & Gyrosigma scalproides)

Encyonema minutum, Gomphonema angustatum,
Hannaea arcus, Luticola mutica, Rhopalodia
gibberula 7 & O LM% — RIS . 2RI
IKT, IKIED D K O A < RO HEAE O EREEDMEE
N5, 27, HIE 88.15~89.35m, % 92.90~
93.71m TlF, FUKIFEERED Cyclotella striata, 73
/KA Diploneis pseudovalis, {5~ /KJEAFED
Gyrosigma scalproides MERGENSEZEN, HTD
HKDOWENH >t DeEZENSE B TbNOD
NAK-1~NAK-2).
4.3.3 NAK-C X4 (%)% 102.36m~105.19m)

I B D L EBEERTREIC A 9 5. 1mg D7
F#U& VR TIEEICD R0, EHLERWVL. bdho
POKIEMN B3 %.

44 GSKNM-1 a7 icH 2L BHEOR M &
HERTBREE

GS-KNM-1 a7 Tl Lfiimn 5 KNM-A~KNM-C @ 3
DICRpEND CGF T-cXD.
4.4.1 KNM-A K5 ()% 26.95~68.26m)

R EE R~VR TIEH IS D, A il A fd
® Thalassionema nitzschioides D HHINZ < & E N
%. ZTOEM, WA TIEIFEEFED Coscinodiscus

marginatus, Thalassiosira lineata, Thalassiosira
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excentrica, {47 EfED Rhaphoneis amphiceros,
~VRKIFIEAERED Actinocyclus  normanii, /KA R
Tl Aulacoseira granulata *® Synedra ulna D& £
%. Thalassionema nitzschioides DS EEHEIIZ N T &
5, WOKDRA T I OMKIKORENMHEE S NS,
HERTHO M, RPN, EASNEICHYS 9 2.
44.2 KNM-B X% (%)% 69.74~113.90m)
BT RUE —MRIC R~C & D a . ki (7
~BKREZ L) i TUKERMNES U THBIT 5.
POKFETIE Synedra  ulna DiRE £ <, 2L DEET
BhfLR%. ZDED, BIKEERD Cymbella
turgidula, Encyonema minutum, Gomphonema
angustum, Gomphonema parvulum, Nitzschia
palea, Rhopalodia gibba, 5~ ¥ 7K i # 4= ff ©
Rhopalodia gibberula, 3~ /K& D Navicula
cryptocephala, Gyrosigma acuminatum 7% £ » %
SHIBLS 2. ifg « FOKAER TR~ KRR O
Tryblionella granulata, Diploneis smithii, Diploneis
suborbicularis, Navicula formenterae, Pinnularia
yarrensis W% <, {FEEMIIMERTH 5. ifF - UK
ERHOMBIIEN S DD =T NEHEND. FEE
DEBENERT, KEFKNEDEDLS K574
ORI OB AMEE SN D, K7z, - 7UK
AROEHE -7, HRGKORAZRTEDL
EZoN% (B 7-c XD KNM-1~KNM-6). —75, &
J& 109.83m ICIF &8 VA LIFHICZ <, A~%
IKAF 5 4R8O Pseudostaurosira brevistriata (50.5%)
MME i L, Staurosirella pinnata (30.6%) HBEfES %
REEEDIBIL, —RRICERE LK Ghid) OBk
MMAELTcC LBHEEENS.
4.4.3 KNM-C X4r ()£ 114.52~148.13m)
RITBIE—RICCEEBTH S, 1FEAENK
IKFED DR E NS, RIS Z VRIS LR
@ Cocconeis placentula, Encyonema minutum,
Fragilaria capucina var. rumpens, Fragilaria
vaucheriae, Gomphonema angustum, Gomphonema
parvulum, Reimeria sinuata, Rhopalodia gibberula,
& 4 fE o Achnanthidium
minutissimum, Navicula cryptocephala 7% £ T &
%. Aulacoseira J&*° Achnanthes J& 7& & O {137 ff i
FERTH B, BOKOMIEPHRM OB MEE S 1
5. ¥, WE 126.20m T!Z Eunotia J& D Eunotia
bilunaris (17%) ¥ X T Eunotia minor (14%) &%
THBIL, MMKEOEOEEMHBIL-C & B H#E

Synedra ulna,

EENS.

4.5 GS-NIK-1 2712513 2 SESLA T RHE DR & HE

GS-NIK-1 177 Tl B/ 5 NIK-A~NIK-D D 4 D
KXy Ens G 7-d XD.

4.5.1 NIK-A K57 (%)% 60.66~90.20m)

i Fr BUE R~VR TIEH ISR, Al 4 1
? Thalassionema nitzschioides AYEE#EHIZ < FEN
%. T OE MG AERE T I 77l 4 FE O Coscinodiscus
marginatus, Neodenticula seminae, Thalassiosira
¢ K 4= FE T & Synedra ulna %
Encyonema minutum A& XM 5. Thalassionema
nitzschioides WEWNT M5, WKMRAT HIRFED
K OREMEE E N5, HERHH OIS YR
IS 3.

4.5.2 NIK-B X% (%)% 91.18~138.60m)

i T B —MRIC C~A LI Z . BOkRE (R
~POKKEZ ET) Ll - VUKERMNES LU THBLY
%. YIK{IHEERD Cymbella turgidula, Encyonema
minutum, Gomphonema angustatum, Reimenia
A~ ROK A& o
Cocconeis placentula, Rhopalodia gibberula 7 £ 7
Z BT 5. iz, A~RKEAR D Gyrosigma
J& o 2 ff (Gyrosigma acuminatum & Gyrosigma
scalproides) O HE Y — 7 W6 MEEDH 5 N 5.
g YUK M T U3 2k v 0 2E M O Thalassionema
nitzschioides M E(~20% H1 819 % (& 2, W~ TKIE
4 i @ Tryblionella granulata, Diploneis smithii,

excentrica,

sinuata, Synedra ulna,

Diploneis suborbicularis, Navicula formenterae 7% &
MERTHIBIT 5. 7272, TR 97.80~98.43m T,
Diploneis J&* Tryblionella granulata & I ik &
A:FED Cocconeis suctellum A 30~40% & 3% T HBL
9%, Tz, BIE 132.60m TIEIR~HRKIZGEERD
Thalassiosira bramaputrae (14.5%) 7K fE
? Cyclotella striata (9%) A% P 5. 2k
HNCRPE DB LZER T, K EBRKDEDEDH S
KO MR G OREIDHEEES NS, ifE 15
IKAERESR Gyrosigma J& D 2 OB — 7%, fHxf
PSR D ENREN ST L ZRTEDEEADS
Nz (& 7-d KD NIK-1~NIK-6).
4.5.3 NIK-C X5 (%) 139.78~150.60m)

i T B — RIS C~A LRI Z WD, EEAED
BOKFEN SRR E NS, RRIICZ VRS A
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& @ Encyonema minutum, Fragilaria vaucheriae,
Gomphonema olivaceum, Gomphonema parvulum,
Hannaea arcus, Hantzschia amphioxys, Rhopalodia
gibberula, Synedra ulna 7% £ T %. Aulacoseira J&
7% & OWRATAIEREP A —% 7% Achnanthes J&
KRTH 5. POKOWIHPHHRM OB MEE S N 5.
454 NIK-D X5; (%) 152.20m~154.90m)

RS AR OO SRR IC A 9 5. 1mg FR D
FrBUE R~A EZ{RICET. #KMiNZ <, Eunotia
J&, Pinnularia J&, Gomphonema J& 7% £ <, NIK-A
~NIK-C X531 1& 1 B{ L 72 > Diploneis  elliptica
Diploneis yatukaensis L {XRZN S5 H 5N 2. X
7z, TR 153.58m I 13 ifg~ ¥ /K fiH O Gyrosigma
distortum *® Tryblionella levidensis 719 nixhi 5
FENDS. BRICHKOMIADEEDHEE E N5 A,
— KO E 22 T L EEABNS.

4.6 HPKORAZ RS EEIEERRHC OV T

Wi PR ERIC B %, WEmP T (16~
9.4 T4) OHEREY) GaJINCHEEA, RHitH, oo
i) OB AR, AR & PRE O
NEBZRRNT, oK (R~okiZEd) L - iR
IKERDIRGHENDES. TNHDENT, FRED
RO E — 7 DERIEEED BN, KR ADEL)
IR E R BN D % .

—DI& Tryblionella granulata, Diploneis smithii,
Diploneis suborbicularis, Navicula formenterae,
Pinnularia yarrensis, Cocconeis scutellum 757 %
i~ UKERE (A -S4 OHEE—7TH5.
Tryblionella granulata (& Marine brackish epipelon
(B#yK/Ef) ICX 2 & (Vos and De Wolf,
1993), ig/KieE TRAEIERERE (0 IRIEDY 12%0 A
FOIKIEDP RIS EEE T 2R 1B S Uh
%2, 1988). Diploneis suborbicularis (& #f#7K & T
WEEMEFORKXFEE I N TS (U2, 1988).
Diploneis smithii (& —f IC i~k E STV
% (Hustedt, 1955 : %%/, 1977 : Vos and De
Wolf, 1993) 7%, BUAEMIIHKEICE M S LE
N5 ChHkiEH, 2006). S (1986) & Diploneis
smithii 7 Cocconeis scutellum & & &1 Mb fifff (4
FAF WEED 10 83— )V 2B K 5 Gtk
DA EICERTZ) ICaDTVD. FETHOD
FRHI O HBURI (Z2HE D, 2001) Z2H % &,
Diploneis smithii (& Tryblionella granulata &£ L,

AALHRDOHET ZRETZHET B LD, ZIEE
~TUKIBICER LT E D LHEETE %, Navicula
formenterae & Pinnularia yarrensis (& 4EREDREAN 7R
HEIWVIEOD, K~TUKEOARICHBIT 2 L Eh
% (Witkowski et al, 2000 : filikig2y, 1977). LLE
OAREN RN D, T OREFOHBIY — 7 g1 (NAK-6,
KNM-1~KNM-6, NIK-1, NIK-6) &, Eb#iiyEn i
JEDEWUKDF 2R T D EHEEE NS,

£ 9 — D & Gyrosigma J& O 2 ff (Gyrosigma
acuminatum & Gyrosigma scalproides) O 8t —
I THBH. TOFUETIX, Diploneis smithii 7 £ D
~TUKRRHIRD B UG, lmifild HAROBIARE
DIFFETIE, BKEE SND T EHZ UMRiED,
2006 : J&34, 2005). UM L, Hustedt (1930a) T
A~ PoKfEE T, Vos and de Wolf (1993) &4
TV EDFEHHRONE WM 5, Gyrosigma acuminatum
% Marine brackish epipelon & L TW\%. %7z, ¥k
EEFMREE T, NS 2 id~TAUkE (e 2
I& Diploneis smithii, Diploneis bombus 7 &) AMEKH
THBT2EHEICZEL TS (M, 2001 :
Yabe et al, 2004). UL7zA'>7T, Gyrosigma gD 2
OB Y — 7 JEH%E (YA-1~YA-6, NAK-2~NAK-5,
NIK-2~NIK-5) (&, FR#EAIHR S O KUK D
FEZRTEDEHEES NS,

5. #IELFKIE

EER UK, a7 &R 25cm 5 50em &
LIT Tec DWHHRAEH O F 2 =TItz > 7
VL, CTOMEEREZOHTHELE. COfME
2 Tec THl-> TS EZ RO T, ThZficfiL
& ODOERZRE UFBRICH RN S HEZRD Tz,
BT ER EGENSEROED S FKILERD
Fo. ZORRITOWTIEE 8 KIT/RT

5.1 GS-NIK a7 %) & 5Kkt

GS-NIK 2 71& ML & D EH#fiA 575 % NIK-1, IE
T | HEREY 0 © 75 % NIK-2, /K~ H/KigHHERS )
K V7% NIK-3, YHEHEEYN 575 % NIK-4, e
Y575 % NIK-5, 6, YNEHERYID 5725 NIK-7,
AT HERE W) 70 B 752 % NIK-8, BiEHERID 5 7% %
NIK-9 ) U H#V £ +h 57 % NIK-10 I3 5N 5.
GS-NIK 27 D&, #8aMIlRT LB TH
%. NIK-1 CIIWETIE 1.7 7%, BETE 1.6 fE
ERELJFHIC K - THEENRIZ S, NIK-2 (SHAHE
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w3 RRERCBHENGEER I & 2 Bl ARSI BT %
R T 2P VA DB ZIERNSE A A—2 0 T
Imaging of the near-surface deformation structure caused by recent activities

in the western marginal fault of the Echigo Plain, Akatsuka district, Niigata
City, by means of high-resolution seismic reflection surveying.

e 6 LTS N W SO )2 S e o
Inazaki Tomio', Miyachi Yoshinori’, Urabe Atsushi’ and Kagohara Kyoko®

Abstract: We conducted high-resolution shallow seismic reflection surveying using Land Streamer at Akatsuka, Nishi Ward,
Niigata City to image on- and off-fault deformation structure in a faulted zone. Newly assembled P- and S-wave type Land
Streamers were adopted for the survey purposed to delineate paleoseismic deformation events caused by recent activities
of the western marginal fault of Echigo Plain, Niigata Prefecture. A 1.6 km-long seismic line, and a 900 m-long line were
deployed to obtain P- and S-wave seismic profiles respectively at the site. As a result, CMP stacked migrated sections clearly
profiled off-fault primary faultings in addition to the major on-fault flexure structure at the near surface down to 200 m in
depth. Correlation of seismic profiles with the drilled core and logging data obtained at GS_NAKI1 site enabled to distinguish

the recent paleoseismic events and to assess their ages and recurrence intervals.

F—U—F  BERFEIURRIE, TRETE, S RRERGRARIERE, SV RA MY —<—, BUE

Keywords: Western marginal fault of the Echigo Plain, Active fault, High-resolution seismic reflection survey,

Land Streamer, Logging

et U CIRER O G 2R L7z, S 5icar

w5

L T ViR g DR A oG 2 A A—Y T
T EZBMNELT, FafiREXIcENTI VR
A BV —x—7% W s o0 iR i SR R o 72 I
Liz. Y FAMY == B3 EZHOMEGZ—1K
LU THESICE,| - BEINTE 2 X 51T LI HiERA
MAOREY —IVTH Y, SRIFTICHATL TR P
BIUSEIT Y RA M) —<—=H, %% 1.6km,
900m DR I THREZFM LTz, —HEOH T L
TSNz CMP A WIEICIE, EWEHBOHIRS T
FEH AT AR N ORI WTEIC K 2 Z TS AT A
HNTWe.  BENRGER TIEA—Lay R—1) v
27" (GS_NAK1) MEHIE niz. D GS_NAKI fLIic ¥
WCTH ARV 3 > PSHJE, X 2AR—)L VSP &%z

FIOHERHRAMRAT 6 & O C ARIIERS 2 B, I
JEITH L E N A S T DS TP G 2 R LTz, <
DFER, TEWIERTREBICALIE T D 1 ADRIMWTE D
AT, 0.4mm/yr FEEO EFEMHEEZAG LT
T EHHLMICE ST

1. IUBHIC

FRIR ISR IEER T S FETHIC NI T, S
NI WVICHRREE DN FGE L TV 5. T OO PERHZET
&, 2E 70km i &5 TEMFEETEa ] iz
A FHEEARTE, 2004) RSN B IEWEICEE
NTW5. FWERZEE 3 DOEHE T A M
XaEn, 05 BRERILHSOE T AV M, FE
Gt 7 A~ GEZERARHRAZLN, 2009), fAH

' FESERARRR AR AT M EGR AR G > 2 — MRS
Geoinformation / Public Works Research Institute)

? FEEHN R SRR MBI AR O > X —

SR RS R 2 —

! PSRN A BT MR

Research Center)

Bty ix—

HBPY / LRSS (AIST, Geological Survey of Japan, Institute of Geology and

HEEHRIFZEERM  (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)
(Niigata University, Research Center for Natural Hazards and Disaster Recovery)

TETE - HEERTZEt > 2 —

(AIST, Geological Survey of Japan, Active Fault and Earthquake

— 1583 —



PR 21 R IR OOMNEL - TENTEERA PSS

IRk E GEE», 2002), M - kg W, Y%
JII, 1985) HEELMENTE . WEFHET AL D 1996) LFd BT LLT 5.
A&, BT A T EIRA OEEIRA L 2 Dl
RS MICENTVWBREDND S, YLt T A

MTDOWTIE, ZEER 25km, THHI DD OFRET (SN90-A, SN90-9) DiEh,

HO, KEREMERE LHEMEER (RAE, 1991, T (GS_MN_P; %z h, 1999), vE#ER (GS_#r
1992) 5, FHECEH#HEDPITEIC R LT 3000m B Es, 2009), ke (GS_ ks,
DL EOFFEELENZGZ TS EFHiEN TS, —) ¥IEIED,, 2010) % &, :ﬂif“kﬁ'@{m‘%w;

THIREIC IR R IR 5N, RIEALIE, ZAF <A FERICK D PR E
ZRToRRI & Z DZERIM AR, BN ORI DV EnTE G5 1XD. Lhkbﬂzﬁﬁxﬁz’@jﬁ?%ﬁ
TOMBRRANHIRNZ Uiro Tz, £ 2T, #riliik BIL CoWfgz iR e L&z ML TETWV3

BIXIC BN THE 7 A >~ DI OTE 8 E 7z I 5
MCT BT ezHNELT, Mgz TgRE Lt
—ary R =Y 7B XU mEmD R SHEERE 2
Fefi LTz, ZBAME TE MBIEA (2007) 1245

CaiEh, 2009 7% 8).

R T PU AR TR LR LT,
K B il Ts K UHBMERE 58 C ORI S A EE PR
B 5N U

B 7 A Y b % B TR AT IV,

Ad U 7e i I

NS DORGHEHERE X

FEARBNT I DIRAENLIE S BAATEAR 2 ] 5 A
LB ZzHNELIZLDTHD, RaLOWiEDME

M2 SIS B Te DI E & & NS IR ZER Y

Akat.suka _6sY NAK1
Sagara

168G
Matsunowo

Mt. Kakuda ¢
G‘S

GS NTN Th7

Takem:-\ ','*?-.oSéS

! -GS MAKI
St mackr : :

,g | Nugata Plam

5 km

El @R LE.

scale digital maps “Uchino” and “Yahiko” issued by GSI are used as the base map.

— 154 —

B B 2 IGHEERE B K UAR—V MR OfiE XN, [EEHEBEFEST 1/50000 X TR ) & T3

Location map showing Akatsuka survey site, previous seismic reflection survey lines and drill sites. 1/50000




TR AR X F5 1 2 0% T2 Vh sl DI ZE T A G

SfRbEZZ A L TWiah oz T, BIIR—V Tk
PREGARNT T 2 BB AT b L Fiid 7z
HEbE TcAETIEDERTE - SR & A <R
TNTETWS (EEA, 2007 ; Naruhashi, et al,
20087z &). LA L, COFHEDOEHICIZZ KON
AR 2 e U, HERGE D22 SR R
WCERAND -7z, UK Ui fRAE R B PR
2, FHURRBEE D/NE 73 S I 72 -l T SOHE R
X, EWERSRREZA L THBD, ML
DA A=V VT REAREICT . Z T CHIS TE bR
Wi OHEERIEE L 272 2 KO IR ZBLE L, #
WHNO 4 #IX, bbb YilE, K% MR
B K OHTEHTIC B T 50 fifRe R SRt ER o 72 I
Lz GB1D. RfE Tl T 05 BREHIX THI
Ul BREM R 2, BRENRLLL RIS Nzt —)ba
7 AR—V 27 (GS_NAK1) fLICBIT B Mg HRE K
U a7 HERFHRATAS SR & 0B U TR 9 5.

2. W FRRERCHE TR

2.1 o RRER PHEME R A OB
[GHEHERE A, b CRFFEETILEE LT
FECkm FREOTRNRE T Z M5 & UTHIE L TR
BTETHZH, THETIIEFREES OBEHET
ZHENTED, 5 ERESENHED T X IR =EHR
BOTFEERETIEER> TV, KEHEMEREAD
55, EEE 100m~%5 10m Z x5 E 5% E DR
ISR RHE, TREE10m~Bm ZX%R LT 58D
ERIRENKHEE TG B 2 EW BB, F ARG
A Cld R A 2R BRI 10m~25m FRJEIC
REINZDICHL, TOREE 2.5m~%{ 10cm &
PUNCREL, @WZE D fRAeZ (REE S 2 A2
ERAEIR SHEH R L 7T 5.
[RAHERFERE TIE, RS20 % it
W (CMP) HEGE &V S R R BRG] - 7
— ZEHEE R E NG, Z LT CMP AT — X
ERIRINCHIET 272012, H5H CDEEOMER
ZHERICE L THE, £9H 2 ERN CEFZEE
LCESZaiRd 5 GhBRikaGE). < T2k
Rz E TN, K ROBEMN N0 KT
] D ZE RS FRBEDN ] |3 % OO CREMZ WS AT HS T BE
L%, FrERAMRZEICT S &, CMP EAE
MREL RO KFHED SN Z M LE¥ BT ENT
& 5. (RO RGHEMERE Tld CMP EAHUIRIK
Th 24, @HTOE0~120 REICRESND T &N

Zu. U URHIRR 3 & ORR S EIBR 2 %9
921 L, BHAIXHBDID OMFEEEEE KELED,
fik & UCHRARHRME TS S, €T, WRETS
HHEMNA 5 ERES NS NIENDOA — 5 —, HB
WIFRRH G RERGEED R —)L BT O/EEN 25
BUT, 2Rk BiRERRZRE S 5. BBk
L5 161 DZE RS 73 R RE I SRS 5 DI RICHRAF S 5.
MR OMEREIZZ Z SNERWVD, SRS < TUEH
EWEL RS DTHREZA LEEH T ENTES.

2.2 LRI

HHE TR IRIFHIXIC BT, % V-5 b g o
RIEHEE IR & 27T % K O ICHIBRERE L, S fiRhe
[T HE R 2 i U T, MIERERENIE 25 2 X
R

RARRO KB OIXRNE, FRFEE QRPN LA
AR FIChiiEd 5. T OLEHIE, &S5 3.5m
THHTH O, EIFIBITIEW) RO EHEREY D 04
T5TenD, [HERNOILERE W UIHAGE HEE
TBHIENTES. RFERTHFW T RECHT~H
) o UHidm I (Mscg~meil) Loyt Tw
% (MED, 2006). O EHIBIZRANCIR & IC
@ T, FORMEIECFIOM FICHER L Ty
% (MEBIEA, 2006). FRFEEZ R 500 i &K
St & OHUE B SIS AR TN Y 5 AR A 2 L
TV 5. BEBCHTHADMLE 9 2 [HEET T s i & FRm
TH, ErE LR OMLIMIE ORI Th % &
ffRG % T LW ARETH .

B2 MRS KIS, FRFHIXIC 2 RO LA MR
ISR E L., 205 BrflloflfR (GS_AK_
PLS) (&, VI 46 SHTIE RSV ELIRKR O ma (Il o 8 &4
PRI EBICEE Uiz, 7z dbflAER (GS_AK_SLS) &,
1948 LUK B i < NIz BIG N2 L S s T iz i
B RICRE LT, BRI T MEEA (2007)
Ko T, TEMNEEDRRER SHEHERE NI X
TV (NU_AK_LS1, NU_AK_LS2). Z 7= i jfll#3
OHEERIC BV TA—)La 7 R—1 >~ (GS_NAK1)
MEHEE N TV, WROREICHZ-> T, Thb
ORAFFERRE BTz,

2.3 Whiaficds & TR BRI
RIS ERE U Tz 2 ROREHFRO TRt
KO U7 258 1 RICHF 7z, GS_AK_PLS

ARG HERE 1600m, HIEIC & 144ch [ARF 32 4l ]

— 15656 —



PR 21 R IR OOMNEL - TENTEERA PSS

2 FRGH X FA RIS & OR—1) > F S A E K.
[ - HUPRBE R4 T 1/25000 MBI T4 Z{dH.

Fig.2  Map showing two survey lines; GS_AK PLS and GS_AK_SLS deployed in this study, existing survey lines, and
drill sites at Akatsuka site, Niigata City. A 1/25000 scale digital map “Maki” issued by GSI is used as the base

map.
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Table 1 Field parameters for the Land Streamer reflection surveys.

Line GS_AK_PLS GS_AK_SLS
Parameters
Survey Length 1600 m 920 m
Land Streamer Tool
No. of Channels 144 120
Natural Frequency 40 Hz 14 Hz
No. of Elements 4 2
Channel Spacing 1m 50 cm
Streamer Length 150 m 65m
Source
Source Type Mini Impactor Air Hammer
Vertical Stack 2-8 2-16
Shot Interval 2m Tm
No. of Shotpoints 795 902
Recording System
Instrument DAS-1 DAS-1
Recording Length 1 sec 1sec
Sampling Rate 025ms 0.5ms

3 PWHRERZ >~ R A MY —<—B X UEH.

Fig.3 A photo showing the P-wave type Land Streamer and an impactor source.

54 SWIRAMZ >~ FA MY —~ — K.

Fig.4  Anillustration of the S-wave type Land Streamer deployed in this survey.
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Processing flow for high-resolution seismic reflection survey data.
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Fig.6 A stacked time section along the GS_AK PLS line.
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Synthetic log profile of GS_NAKI. Left to right; Lithofacies column with *C dating data, S- and P-wave velocity

profiles, susceptibility, total magnetic field intensity, apparent resistivity, and temperature logging profiles.
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Table 2 Deployed logging methods, tools and measured variables.

Logging Method Tool Measured Variable
Suspension PS Suspension PS Logger Vs, Vp
Downhole P/S DH-5 Hydrophone Array Vp, (Vs)
Borehole Pick3315 Vs
Combination BMP-04 Resistivity, Temperature, Tilt
Susceptibility, Magnetic Field
Caliper B3C-01 Borehole Diameter
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GS_NAK1 Downhole P- wave Record

"‘"”".' o trnn Fodents

Caliper

Downhole S-wave Record

|| i

1
i

Depth (m)

=2
(=]

M RS 0 1 S O 1400

gﬂ.
@
=1
=

Suspenslon -
Logging Data

200 25050

0 50 100 150
Time (msec)

959K GS_NAK1 L& > 5k—)V PS BB E Al .

Diameter (mm)

100 1250 100 200 300 400 500 600
Time (msec)

Fig.9 Correlation of the downhole P- and S-wave records with the lithofacies and caliper log profile. Left to right;
Lithofacies column of GS_ NAKI1, Downhole P-wave record obtained using a hydrophone array tool, Caliper log
profile, and downhole S-wave traveltimes determined from three different dataset.
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Fig.11 A cumulative deformation curve caused by the activities of a frontal fault FF2. The average deformation rate for
FF2 is estimated in range of 0.4 mm/yr from the curve.
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(b) JIEE—H) 1 DB PREE T . A it — e | ECH — R e it 72 g o — LRI BT, R & #9 13km.
(o) Bl —InZHOD S TRFE I, KR A — iz 2 m vt — AL s R, R EH 15km.
YT —2 (IS, i, BE QKEFED (2008) ZKHMHICKRE LD TH D, fA FHRER, 2 LR
JEREZ R

Taw MR THIENIRAA 72y FETHE, K
B & B 50 2 BRI EREL 10ms 25 1s DUIE
DO THRINS. WH O CMP 7— X YU 25 L
GREMImZERR Uiz (55 6 X (a). /KEFIEA (2008)
&N, JIlE, Bl BEOSYHTO MER
¢ EREROBEROB X ZOEEIEZFNZEN -90m,
-160m, -150m TH%. TNESBU CHEEWmE -
TZDEIR%Z ML —A LTz, B 200m LA IS Wi
BRI S TIRIFKTETHS. BKZ 500m LIET
W AfA L LTI EERERD A X L, FE
VI HERE A VR BRI 1F ) THEL TR B RE DM HEE &
Na. 2L, Ko R Esis 2 ELFTH
D IEFIT/NE V. BHFO Evdl — hnZelii & O3 i
TIE, ¥ 100m, 300m, 500m {350 KA &
SHIST 2.

AUFRD AL PGS IR KD/ E B 9 A7 %2 K]
T RHMEMED LN TREIN TN, KW T
AR IFEFE RS mEZTS THB.

Skm

(c)E#—hnA

A70Y 27 b O—HOKGEREE, AEWNE - T
SE) IR I R 1 TR« 57 11T i 72 T L (585 6
B (b), (), o lIRSIEHE ARz T A ek L
7o GE6K (). TNHICKOLLFDT EAHIHL
Te. NEWIE Lo RS T OR R CREWTEHR O 1=
ZIEERD b NIR . g I & K e S OB AT
% B & S B IFIRGEDMEES 5. W) W/ T
TREMNEHEZIENRD 5N, ZOIHRNT, HE
Tkm & CTOMBEIIFHRITNMEE OB MIEZ R

2.3 R H AL L b FRTRE S

ARFETIE, BISCFEhIaESE COREHE DR E R
i, HEMET TV EK L TT OMGREN UUET 2
frofe. ATV & UTHE - Silithis, 37)11E
i, Ehnithisod A sz 3 E Uz,

BRI 5 T 20 J5790 D 1 BE SRS E /7 1] (fy
8, 1985) MHIRENTWEN, HRHERNE L &
CATH 500m FEE T Rifl & B E 2 Rt 9 2 1
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303000 363500 394000 394500 385000 395500 396000

sahefBazasBakbkeRass®® .

W7 BB D T AR FEESIE PR 2 TR 141° &9 % UTM JERS.
BRI FOR THALE A — I )b, SEXIZERE T 7% 10 s L TRR ().

-

.‘ N " AN
oY \ \\\:\ N\ A\

e
NN

\
§:
AL
\

\\\\L
\\\\k i

BN IRH-SEIOE ) A, KSR O BRI - B2 AMIOMZ RTERR.
Tkl PESERNAR A WIZERT, (R MBRly, EEWIZEAT, AR (D R OHE i () 1< & 2RHE GEilE,

HEFRA T (2000) ORNT —Z =222,

BATTH o7, AW TG EREEZ
E T SRS I EEER A IR o TR 72 St L 7z
AU DUV TR R 200~300m T 2
Bz 22 JEML, §F495 fOT— 2 B ARSE TH
Bl B|EETIVE LTItz o7z G5 7
). KEL L TdmEE Goit) O EHERN),
R E U3 tE GERTD) K0 W EE 22
7 HERE L 2 BUE L, #EAEZ 0.2g/cm’ & L.
ZORER, HINCIH > TREJUCRE HRENMITTE

D WIRHERI D0 BB 20, SREOEAITE
FNOVERNC AN > TWB DS, ZHUEHhDTD
FINOEYZELTVWEEDEEZENS. HP/
W DWTIEEEIAN (FPINCim-> ), BB
10m A5 100m FEEICEL IR > T FHENE 5 N
fe. T OKEEE, Inazaki (2006) 1T K 2 HIFEHRA S
iZA (2006) 1 K BMWE 7 LA B £ Ol
MEDREREBAET . £z, HHLIEH (2008) T
IRE NP RIKIRE D RICLEAL TS,
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FEH —ENHHIEIC DWW TIE, AR 21 RIS T
N7 HHERENIRE (TH—EWRED  E il
B/ 200m FEOREH A 21TV, I, BHFE RO
MzHWE UT2E & 5 Uz, AREREORE mEBUE
182 RUCIEL, AW TORMAEIE 725 &R0,
FERZH 8 KT/ . HEJMNICIE, 17H — EfIER
ICHRE IR b2 RS Mgt E Nah o Tz, &
72, BBED SITHICH T THREE km ORIRREEIC X
HARESHF G KO EHICIR S 72D, ASHEDEE
ENTVD & TATRILAHT I HATICE S 7 O
I 5 N5 DR EEZ L2 5 fhdid Mt E N
Tholk.

S R A DWW TR, TR 20 RS HlE
1T 5 12 56 gD T — RN & BE7 5 L OFEEE %
frote. 35, ARWIZIC K 2 HE B 230 sl
L, BHFEOR) 3000 i & ffe T T — 7 — S X7z
U, REREZIET 520 2E 2Rl %
DORGEER, ZWTEEIEBEaEE ) S ORRZRd T
Mo 7z

2.4 Mo FKROWEIL AN A Lk LT ak A
BEBRTEFIC 3510 % iRl /K DRIER{E2 24P D =X

TEIZE R T 2 RS HEPR 97 % HINTC, SRR sint

AT B 1l 73 5 TGS IR DR SEH & /K IREH Y

40 H7Z2 W 5ITKEB KU A AR ZERILL |, /KE &
BREFN AR D 21T 7o, £, MEEREH
& EWINC B BEHEOA—Va 7y > 7L EHN
TeratiadBn e gz L, S A4 VREICHEE LTt
TIKDOHER L EHIFREREE D X 575 5 fifiHZ D 2.
DL EDOFERZSEEETIIBELN TR ER, &
PR, THER, SESDER 300 ALL EDsKiEH: - i
$$HF—%& (Yasuhara et al, 2007 %% &), &5l
FXWT—2 L HOE TR LIz T A, VWbWaIT
o | NEB OB E D R/KICIE Z DY O Rk &
LB UCTLL RO ED 5Nz - D) k4>
D 50~220mg/1 & @ <, Na - Ca-Cl R DI/KE A
A RY (I4EBIE Na » Ca-HCO3 BY) ; 2) HfilgA 4>
FEEALEENTELT, ETNERE Fickshn
TW5 ;5 3) ek - IKELEFRNAKLE -75~-65% T
HY, HEBICLERTH 10~15% 18 3 4) RELE
FENAALELE -10~0%0Ri11% & 4 & LER T S M IcE
W3 5) SRR R RN B R E Nk D
FARER (C AR 5 ARHHIE) & 25,000 4E~30,000 4F
EMBICLERTEY (EIXD ; 6) MR
D 4He BENH E NI TE L GERIF, £
LT—2), JURIHERNICIEHER-A XD BV
HTRKBMAEL TOWB T EDHL RS T2 T HIL,
T DK D IR RAHER L 2R 2 459 2 gt ok

2600025000

PN
ERF N

oM EHERER N A S BT FKOWERIAR (C 4R RHE).
O AL ARS8 2 /KERHEREUI T 2, & 7o BRI R PR BRI A AR I E 72 29
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&, 5 7) KA PN DU TR T S
Ko THBICEE NS A, JLHMNIEE I FKICHE
T2 GHIKD 5 8) M Alskid e IIMEEH O il
ICAE T 2 T HEEILF D S U ER LRI & TIA
M2 GEIM) 5 9) SHIE T IICIEEIE 90m HiteM D
400~500m it X T/ M9 % ; 10) P 500m L4
TICIEHUEY A 4 EEME (% 10mg/1 72
FE) HiR/KMDAERE 1000m §igE CTIKfFL T 5 T &
HNHLM RS Tz,

Ao A R LOKELERMM AR T Ty . F
TG A VB & AHe JBE T Ty b GRINED,
2006) 5B &, Joi) IHEEH N O K, a)
TR R S+ A IBRED @O EREO H
iRk &, b) AR < LY A A R DMK
WIRENEDHT L WHERKD 2 KRS & > THi
TE5%. HEHFICIT 2 E AR & FIOKD RN
R DOBIR (&5 - Fakt, RROET—%) b, K&
AR LE DI & BT 10~ 15%FE B R W T |
AN FKIE, FTFESIRDBIEL D 4~5C
RO E S Nk &l S Nz, BRI
NifRRED HF 5N “CHERDIEREHDETEZ
% &, KSR NI FKIGRAOK MmN Z Dk
EhHBEOLHESIND. —)7, Aol

JRIC DWW TG R R FRNALL & R 4 e
OWEE OBGR ERTE, KaRT—2) hb, BifE
X0# 12 JTERTOH RGBS U 1K 6 T4
ORECHHERICE b N D L HEE S N,

TOT RS RO H RG22 758 ) Y —IC
Ko THEUOHIF/KE DRI T SN TNWB 0,
T DX 3 IR BRI AR 2 455 % Hi Rk DY BT
LWIHRICIEHE S NIZHITIKIC K> T T Ty 7
NZELHESBHEEFTRIEEINTVERED EHEES N
%. L EOIK A A > Oz A AN, HEk
HEZ8H)) & IR FOKIREIR DT VT BT 4 2V VY
W PP E O Nk S R T LD EERHEA L
ETINVERRELE.

3. ki

3.1 RO ETIV

T ERE BRI O R KNI BT, WREICE L
T, HEREM, R SHER, MR - Y O RE
He I OHERE T TV OMERE HIIC LT, 4—)b
a7 RV THRE L a7 N, FEAEICET S PS
WEZIET % ORK, 2004 ; AK - £, 2009).
CNFETIC 15 I TA—IVa T R—1 V5
# (35-85m ), 22 HisSDA—) )L a7 Ok AT

H1R O EREHERETHE T LT QUM EI T A=)V a7 K= Y HEEY A k.
= =y
BHEENEEE  O7E || MAEN |W#E [z th o BE amwmwE

1| R4 | FERK14 | GS-KM-1 | KM [SIEJIR/RNII| 66 35 41 4507|139 50 57.38| —1.99 [EH#hIFH2004, H3DIFH 2006
2 | 14 | F14 | GS-SK-1 SK B 60 35 51 3267139 50 6.91| 3.73 [BIRIFH2004
3 | FHKI5 | FRI5 | GS-KNJ-1 | KNJ | EfiR#HE 70 35 45 4933|139 51  38.78| 0.425 |MH3AIFA2006a
4 | FRE15 | FEI5 | GS-KTS-1 | KTS | EfiREH 67.3 35 44 4779139 52  23.25| 1.193 [MiDIEH2006a
5 | M8 | FAk16 | GS-KS-1 KS BATAY | 180(57)| 35 55 5584/ 139 48  20.11| 5335
6 | FAL16 | FH16 | GS-MHI-1 | MHI | =#HER 55.3 35 51 4240|139 51 5.68| 3.406 [HEEIZAHRTES
7 | TER16 | FERF16 | GS-AMG-1 |AMG| RBIRAKR 57.4 35 45 4315139 47 11.01| 1.666 [FHiDIEH2006b
8 | FAL17 | EH17 | GS-KBH-1 | KBH | ZBEm{#%E| 499 35 57 5731139 46 2561| 5356 [FEEIEANIETEH
9 | FR17 | FMH17 | GS-AHH-1 | AHH| RIRFFH 35 47 630|139 48 1590 | 254 |#fgch
10 | FRL17 | FHI17 | GS-SMB-1 | SMB| EmmiAR 35 50 4560|139 47 16.80 | 308 |[#f{#h
11 | Fp18 | ER18 | GS-MUS-1 | MUS | =i R & #H H 42 35 51 5090|139 51 50.10 | 2.425 |#fh
12 | FRL19 | FRHKI9 | GS-ISH-1 | ISH | hIITHiEE 60 35 39 542|139 54 528 | 2688 [#f#h
13 | FRL19 | FHK19 | GS-KSM-1 |KSM| STHR#R 85 35 39 1859|139 48 2990 | 7.98 |#f#&h
14 | FR19 | FHKI19 | GS-TKT-1 | TKT | FETLEFA 51 35 48 495|139 40  40.7 | 3.116 [/MAEIFEA2009
15 | FRL20 | FH20 | GS-SSS-1 | SSS [SLV=FH#sXTE 455 35 52 2278|139 34 4404 | 463 [/MARIENEFEH
16 | FAL21 | FH21 | GS-KZK-1 | KZK | JIIOHFERET 35 35 5143|139 42  475| 415 [/MARRIFEA2009
17 | FR21 | FH21 | GS-KKK-2 | KKK | SIERR&F 40 35 42 276 [139 50 1249 |-0.168|PSiEEBLLEHER
18 | T4 | T4 |ELAREMB| DK | SIHERHH |170(78)| 35 39 59.096| 139 49 30.772| 0.081 |H[RIFA 2004
19 | T4 | T4 | FHEEAE | HA BIRXAH | 240(70)| 35 46 17.284| 139 49 48656 00 [HEIFA2004
20 | k4 |[FR14-15 KTE MZ | E8RR/KTT/AE | 100 (60) | 35 47 47.271| 139 52 24.342| 1.85 |MHDIFH2008a
21| FR3 | FR14 | EARE TN | BIZRXEHFA | 100(40) | 35 47 53978/ 139 46  17.36| 2.883 [HEIZAH 2004
22 | ERk4 | FRI5 (L PNE SZ [SIFIX L% | 550 (13)| 35 42 17.197|/ 139 53 50.104| 1.3 [MHDIEA2008a
23 | BRFN59 | FRLI6 | ARERHF| KH AT [ 350(50)| 35 54 765 139 48 5502| 34

LORNKEEREERGHIZEDNELI-OT R

DKHAMZTN,SZDA7 [$E L R EMTHAZEAr CRBL AR MZIE L2 —)FE,

KHIZE ERREMZERE 5.
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SRR 21 R TR

< THITEHEE  BEZeER

S E139°30 E1‘39°45‘\
\'\ TRAk
\'\. -\“".\ .‘; 1
RIS xEama. TN W\
4 &
& B J fee \
/ ~ )
i Tk MUS
—N35°50 L \GY vo)
+ ]
' S
_ “ ko
' R At A
N
‘\¢
‘-""“"“"-’\.
10 km =_\ﬁ _

%10 TR O 7 LB 21T o e R — Y AT

FEUA B 5 3 BIREERIC NG TOMUK TR —1) > Filld 2 7o 7o, B <8BS NIz Efo & B R LR O 1t
Mo EH, NSO IR THSH T 5 N ez R g

ZEML, TNOOMNTHERZRICLTEEDTE
o GE1Z, 910K =#iEh, 2004 ; KHEH,
2006 ; AKf - AJF, 2009 ; HZIEA, 2008, 2009
Eh).

SR MBI DR T dh 2 .2 RO R i
WaPHET 570, BERIOHERMCBNTA—
a7 R—1 7R (GSKZK-1) & PSHiE % Kt
U B 10D, a7 ik oUERHENT, YRRt
XM eRZ g HRONE, BEHEFEARNE DD
OEHRI 21T 7. ZNHOFEEN S, GS-KZK-1
I B RS OB 2 7 I T N ERE
J& 35-25m), REE)IHERSY) (R 25-22m), (L
JEHERE Y (GEFE 22-18m), PVSIEHERIY) (GEFE 18-
13m), MWIREEHERY) (G 13-10m), PNIBIEHERS
Y1 (BRI 10-4m), HEPEE I~ TG RS Y (R
4-1m) "Bk 3 T 2SN L UMREIED,
2009).

WEAE X CITHRHI U7z GS-TKT-1 7 (BRI i
FFHD, GS-SSS-1 (B ERET Wk ilikX) 1o
TIIHERE R A SR8 B T2 D O R Z AR & 47

W, GS-TKT-1 a7 ic D\ Tidth - RibasdkiT
BRE 46 5, GS-SSS-1 a7 DWTIEHEY AR 5 K
DERMEZRFTZ. NS DERMEZ S LI R
— ) 27 a7 oz, ) RO = R
RIS DWT o= Y AP AINBLIRD DHERIE TV
eRELe GB 11 K, /MREIED, 2010).

32 R=YUFGTF—=AN=AL 3XKHEET N
ABETIE, REARICBd 2 3 Roro i T~ ihE
ETIVERZ HINIC, REEO M N RE L
T, HE - DRERETIE S NI ERAE RS EHICE
FNZR-V T TF—=2 (ZDZ  3FFHEE AR
FICKB) ZIEL, #i— L7k cRBfElLL, R—
VYT == A%%id 5. TLT, #THEE
TIVOMEEDIERETIE, 3.1 OWMFLHE TR S Nz
HOETRRYE & 75 2 BB PSR OHERTH - FAUE )T 2 BRI L
T, T—EZRN—RIHFENTAIL DR VT T —
2 72 HERAHOJE Jyr CHUE K 79« KfEEL, (& DHR—1)
VIT=RICEENS LH - N, BRUHEX DO
BEFRIE O HRe HIIC IS U T2 fifta il 217 5 C
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el GS-AMG-1
TP 4.63 m Loml TP 1.666 m
5- TP3.116m (Tanabe et al., 2006)
= 7 k
: floodplain i= P T
05 7.4 salt marsh ig- =" fluvial channel =g tidal flat
: ) ‘Z: _3999.%‘1?!’ ----------------------- 53 ’,.._4_
-5- 7.2 e e, £900.cai 8P, I
T fEe., deltafront = oo & | e, 7 o
D deltafr 7.3 “sapn
-1 O: "E’E'ﬁ’%‘,:_::;: ----- 7.ARE == o Sienttes I HST
o e T =
€ 15: __F inner bay floor | AR maximum flooding surface
c - 85 2 82
s : o
2 20- go.,. ol
R
i - san uvia L
-25; harcel / floodplain 9:6 1.2 ravinement surface
: ! 9.7 1=
-30- =4
- 10.4 TST
-35- gravelly D2
- fluvial
= channel
-40- >43 43
_45} Shimosa Gr.
50- 5 km
B S w— ~ : transgression surface
sequence boundary
H11 3| I H D i g o> LR IR X,

TR 19 FEEN DS 21 FFEE TICHEIL 72 3 ADREHEE PR —V > 7 37 GS-SSS-1, GS-TKT-1, GS-AMG-1 7%t
LEU TV, REIR R O Bl 3 Al M ¢ 246 48 (cal kyrBP). LST=lowstand systems tract, TST=transgression

systems tract, HST=highstand systems tract.

ET, 3XUTOME - IMEETIVIBRT S, D3R
JLETIVIE, HWEETIVE LTRITERL, 3.3 0D
g TAAIREE, 3.4 OHESOJSERIEICEE T % 0158
ICBWTHHENS.

321 A=Y IFTF—RN—=2Z

CNETIC, BHRCPEEFRRES ORI & 2 D850
DOu—LE A TS, 2 FADR—=Y VT TF—X%
ZIEEL, BElL « T— A=z HEDTE. T
—20DZIE, H « HIEK « DAREANDRH 7215 T
HELEBDTHS.

SRR, WEFHOY A FEHERICHIH S % EkEE
DOFHE Ny RETFIVEEKT S/, T
JUHIE T & 2 BURUEHIALER A & ) B g St R
75 13 X 22km O#HifH) DR—1 57 —% 8000 A
DWW, KE, fiE, N, tEAfFa—F, #HE
T—2IREDWEERZH SO T T Tz, SROM
BEROIEETIE, N EE OMHBEMESHED T
EREN L TR0 E S hDR-MENS ET—2D
Bz Lz, ZTORSR, #2200 ADAR—Y 2T
F=RIZODVWT S DT T —ERIEENTVS T
ENVHIHL, FEARZHEEE L LTI —NAZEEL

. ZLT, K200 KDKR—Y ¥ T F—=ZICDNT
BEEEZNLEDOEWT—2 & UTHIFR Lz, Fi,
TNBLSNT, GIS ZHWTHIEIC 50m LA T
LTV A=Y 77—zl A=) >77—
X DEHO R EE ) HiE Y5728 R, BEICEE
LTCWBR=) VT F—228M LUk R, 519
1600 KDOR—V >V FF—=2EZETIVTHN BT —X
MHHED Rz,
3.22 3JcHETIV
IMTETFIVE LTIE, HEEREZEOY—T £ &
ETINELE NEEEDT ) Yy RETIVEE LT
WA, BERTETIE, 7V RETMICOWT, WEE
€, R—=V 77 —2OHEIL, KFEWHETO 857
H) - WEREEIN L 2 R & U TR TR B R LR R
U7z (GLEED, 2008). SEEIZZDOFIEICDONT,
TEMRAFR N ORI RTE, €7 )V OEHE OFH,
HiEBE R E TIVICH D F— 2L, @ 3 i D»
THRR LU (GEIED, 2009). ZLT, HigkRt
TIVICEED K F— 2238 UC, PR L e o+
— T 2 AETINEEH L.
TR N Wi at T TDkIE D (2008) O
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HETELEEN@EOZ Y Yy REFIVELT, Th
ZFRANIUTE T ) v RO RO Tz, L
L, HEHRMECRMEL D7)y RERET S HHEE
ZONHN S S P 72 25 NIC K - CHHE L i
ETNET B0, HLZDT) v RO NEIZZD
7V w RZ2RFETZTHEEZTDNETRD B 06D
HB. FTT, BTV FONEERDBICHEELT,
NfE& LTZDZ ) v RORHE L 752 LEICHHE g
LD ZHMHLTHET ST ENTESXIICE
BEERRE L.

EFNVOLEEEDME 7)) v RETIICDOWVT,
4 D7)y ROTE « NEDEHFIEDIRT A—427%
B2 %7dic, 7V ROGHRICHMRFzR—=) VT T
— 28, NAEOH G T OMEHERZE, TEOLAEZ
OEDE—RE2S7) v ROE L TEHEREL L
TERTED LTI

HEBIRETF VIS F—2 UM chE T,
A=V VT T— 22 ZOREICEFREL, TXTHE
L, T—ZWEE{T> TV, LhL, HgERA
M, FHCPINTAORBEHE T, MREOEHETH S
KEh b 5T, ELDOZF ORI EHHOL
B NHORED R ZEL, WEICHEND S T LAV
HLTWe ZCT, EFVHiEOER—) 75
—ZIZDOWVT, HEEROEREMNGL, Mcot

B EmE T1
ERE 5~-1

cozZe'ee)l BN

oekL6eL B

itik 35.7044 2
C—#ai-tr

BEBEE T2-13
SENEHEY -20~-30m

B NS OWTHIE RN TE 5 5Kz L 57z, R
— VYT TF=2F, =V YIRHHT—2DER
(XMLver.2.10) THEE{LETNTVE DT, ZOHIC
HEX 2GR E U THARAR, ZDT 7 A)Vins, Hli
IR 2T CT— 2N TE 2 X517y I Lk
RE L.

MRIRLIEGH DY — 7 = AETFINOEH il OfE
HEUT, A=V YTHRROELR - i@ty —)b
ZffioT, TEFVHIBORR—) VT F—ZIIDONT
FEIRKIWTE R & UCERRL, SR —1 Y 7RIRKIC
DWC, i & B HEREY), BIsR O — LJE, NRUE
L OBROME R ZITV, A=V VT TF—XIC
RS E R ORI TR 2 5 Lie. ThHDRA Y
k7 — R 7 RN L T LT — T 2 RE TV
EE UTe. ERFEBBSTH 2D, BIRESTOMR
JBRLX DRI & Z D < BNz 12
WRT . HEk, BIKICH T % EEEEE O i 72 g
JERIKH & LTETMEZRIT> TR (HAED,
2008b), SEIDIEXETIE, REEE Nme LU THRE
VRS 2 3 U 7z, 45 a9 72 BRI SR 0 A XS &
5T, REOKIREIEE TITB R S NzBIN A HE
DICIROFEMZETTT B T eV TER. AFERIE, 7
Uw FRETIVOREEE UTHIHT 2720 &<, W
MELEROMIER E LTT—2%2NHT 5 TETH

25T

BHE -70~-50m

12 B ES A 5 H | R 0 H5 1 % IR R BRI E 7 )L
() FfEEHN a2 —MkRIE 5m. (b) FAA 5 RSN SEESHRIKD SIER LT, TET I 10 K.
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%.

3.3 M B R Lo AR

R ERmEEROMHNCIE, EOSHBLL 2 ROk 2ok
HLEN 10m U EEEN TV, TOK S kL
JE D IR M 72 S U 7o rTREME 2 Mt 9 R <, s o
B HERME O 2 T o T2, F iz, MBS OZER
D TRNCHERIBREE &\ 5 HEIE R ZHAIAD D KD
I, RS RRG R R RS RR U - HERSER BE & B BRI
DEBRZHLEMCT 5 T e idBrlz . s, SHE,
JRAIEFABR TR EE D PS BORE 2155 =i, HH
# (GSKBH-1) & fF (GS-KKK-1) 1< THi#I< PS
Mgzl (B 1 K, BF TIEAHELOZEBAHE
REIER 2 BRI L 72,
3.3.1 Hekivmadkt

AN, B EROMIHKHIC B % F HiEBH (GS-
KBH-1), 5w)IH&Hc® %W (GS-TKT-1), 2L T
R VLK B (GS-KKK-1; R 21 4E/E) D 3
AFCEM LA —) V THETRRE N, Thb
DFREYIFEEABAE R D 5 Bk & BRI O REZ L
28 13 KICRY . Bk EBRRIEHEE I K > T
fELTWBA, THIRHERERBRICK > TGEVAH S T
EEMRL TS, TTT, ko BERE/KE Wn,
LR WP, MERSRE WL Ay hEnTED,
H SR T 7K EE Wn DR PR SR WL 72 E 5] > TV 2 K51
T BB - L PR e TS Wi
DU T & B L E S N5 R L TH D
TaFIE~FIrTay N ERYITH B T L HEM
EDOXETHLMMIENT NS, LI LENS, ZD
PO S I T LI B x> THED, WA

T DG E TR EARMOIEBGERENEE L TV05 L
EABNS. TT TR, SEHTEROERHREZ
i U, HES) T T ORI OXH) 25 U 72 IEHK
0 R U =hEdERIC X O REPE L O BTWTIER G D8]
Wi y AT EDWEZITo T2, iz, ZOEHEDR
FEHOWTRY A =T L A Y M X 2 5 ol
ERITV, VNI y 0 72 5 2 Tz D B W74 %
GO DHERFTHT-. TTT, G—y OREFRIIHE
DOHIFRINE A N = A L2 Pififd 2 L CEELRZED
ThH, TNHOIRT A= UHEREREE 258
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Construction of database of seismic profiles around Japan

Vel ' - Bk TS * - 3

T e FE bR e FRERAE T - ARRHRR

Tomoyuki Sato', Yukinobu Okamura’, Taqumi Tuzino', Takahiko Inoue',
Kohsaku Arai' and Haruo Kimura®

Abstract: Database of seismic reflection profiles has been constructed. Seismic profiles loaded in the database are 5643 lines

which have been collected during the last 33 years by the survey for compiling marine geological maps and for near shore

mapping. The data is composed of 55 groups, and any of seismic profiles can be shown by selecting the survey lines on the

display. There are some errors in the data, thus we have been revising the location data of the seismic profiles. In addition,

three-dimensional data of geologic structure has been constructed along the fold zone of the Niigata prefecture based on the

geological sheet maps at 1:50,000.

Keywords: database, seismic section, around Japan
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Hydrogeological environment in the sedimentary basin

PHITET '« FUHFgad ' - T
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Youhei Uchida', Atsunao Marui', Isao Machida', Akinobu Miyakoshil, Reo Ikawa',
Masaru Koshigai', Takuya Yoshizawa’ and Narimitsu Itou'

Abstract: Three-dimensional hydrogeological model of the Nigata Plain and Ishikari Plain were constructed to understand

hydrogeological environment of the both plains. As for the Nigata Plain, groundwater quality data had compiled and input to

the three-dimensional model to classify groundwater quality into stratigraphically. Subsurface temperature data, moreover,

had analyzed to make clear geological condition in the Nigata Plain. Distribution of high concentration of chlorine ion and

large thermal gradient correlate closely with fault zones.

Keywords: sedimentary basin, hydrogeological environment, subsurface temperature, groundwater quality
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Fig.1 Three-dimensional hydrogeological model of the Nigata Plain and contours of layer.
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Fig.2 Three-dimensional hydrogeological model of the Ishikari Plain and contours of layer.
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VT=0.0178 (*C/m) = 1.78 (°C/100m),

Tg=12.9 (°C) @)
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Location of subsurface temperature data.
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Table 1 List of shallow subsurface temperature data.

D EFE(E |REE |(#FHAB6 | H#H AP FE(m) [KEB(CC)
i01 139.19 37.74| EEH 55.2 12
i02 138.83 37.75| HXHF 80 16.5
i03 138.90 37.67| 43 AKX 125 16
i04 138.90 37.67| X 132 15
i05 138.90 37.62| KTH 87 13
i06 138.90 37.62| ATH 97 13
i07 138.90 37.63| ATH 90 13
i08 138.93 37.62| - 70 13.1
i09 138.92 3758| &S HA 60 13
i0 138.95 37.62| AKX 100 14
i 138.95 37.62| AKX 100 16
i2 138.95 37.62| AKX 100 15
i13 138.98 37.65| ATH 70 13
il4 138.97 37.62| JATH 70 15.5
i15 138.97 37.62| JAEH 79.5 16
i6 138.93 37.58| ATH 62 13
7 138.85 38.47| ES M 1045 14
i8 138.85 38.45| &= M 45 136
i9 139.05 37.92| - 40 20.5
i20 139.07 37.93] - 180 23
i21 139.07 37.92| alH 30 15
i22 139.07 37.92| T ¥ AKX 30 135
23 139.07 3792 - 30 14
i24 139.07 3792 - 30 14
i25 139.05 37.92| HEH 60 14
i26 139.10 37.93] - 30 135
i27 139.05 37.90] - 1843 175
i28 139.02 3783 - 205 155
i29 139.08 37.70| K& 70 13
i30 139.08 37.70| KA 110 16.5
W2k PR RS — 2.
Table 2 List of deep subsurface temperature data.

ID BE(R |#E( | FE() | BECC)

g051 13899 37.87 5007 136
g052 13895 37.76 5015 137
g053 138.88 37.77 6310 197
¢054 139.02 37.75 4903 138
082 139.18 37.88 4625 146
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Fig.5 Analyzed geothermal gradient by shallow subsurface temperature.
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Analyzed geothermal gradient by shallow and deep subsurface temperature.
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Table 3 Combination of subsurface temperature data and analytic results.

a7 —R EET -2

i17

i18

i19

i20

i21

g51 122

123

i24

125

127

128

105

i06

107

i08

i09

952 0

i11

i12

i14

i15

i16

i02

a53 i03

104

i13

954 i29

i30

i31

956 i01

982 i26

VT[C/m] Ts[*C]
0.024 1338
0.025 120
0.029 125
0.026 12.1
0.032 103
0.028 127

N Oki et al. (1996) AMEHG U 727K 6 & BH &l
S, AW TR U e miRE Clo g e —8 L T
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