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Recent rupture history of the Nagao Fault in Kagawa Prefecture
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Abstract: We excavated two trenches on the Nagao fault in Miki Town of Kagawa
Prefecture, eastern Shikoku, to clarify the recent rupture history of this fault. We conducted
precise “C dating, pollen analysis and paleomagnetic measurement of the samples obtained
from the trench walls. Our detailed trench observation and the three kinds of indoor analyses
have revealed that the last rupture of the Nagao fault occurred in or after the Tumulus Era
between the 4th and 6th century. The possibility that the last rupture event occurred in or
after the Heian Era (A.D. 794 - A.D. 1192) was also suggested. The vertical displacement at
the last rupture is approximately 1.2 to 1.4 m. The time of the penultimate rupture is
estimated to be between 32 ka and 37 ka based on our survey results and data obtained by
Kagawa Prefecture in the 1996 fiscal year.
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Fig. 2. Location map of trench sites of Kagawa Prefecture (1997) and present study.
1:25,000 topographic maps "Kawahigashi" and "Kaniwa" published from G31 are used for base map
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Sample |[Lab. no.| Location vorizon | vaterial | vethod Measured 6 130 | Conventional | Calibrated age
number | (Beta-) |trench/wall 140 age (y BP) | (%o) |14C age (y BP)| (Cal AD/BC; 20 )
MTW-09 | 150068 | W/E7.5 Al organic AMS 210+ 50 -22.3 250+ 50 AD 1480-1950
MTE-04 | 148445 E/W4 B4 organic AMS 1140+ 40 -24.4 1150+ 40 AD 770-990
MTW-01 | 150069 W/E6 B4 organic AMS 1310+ 40 -24.9 1310+ 40 AD 640-780
MTW-05 | 150070 W/E12 B4 organic AMS 1350+ 50 -25.5 1340+ 50 AD 600-780
MTE-13 | 150071 | E/W12.5 B4 organic AMS 1480+ 50 -25.0 1480+ 50 AD 430-660
MTE-08 | 150073 | E/W10.5 B4 organic AMS 1550+ 50 -24.4 1560+ 50 AD 400-620
MTE-55 | 150072 E/W5.5 B4 organic AMS 1560+ 50 -24.2 1570+ 40 AD 410-600
MTE-05 | 148446 E/W4 B6 organic AMS 1750+ 40 -25.9 1740+ 40 AD 170-420
MTE-14 | 150076 | E/W12.5 B6 organic B 1770+ 90 -25.1 1770+ 90 AD  50-440
MTW-02 | 150074 W/E6 B6 organic AMS 1920+ 50 -26.5 1900+ 50 AD 0-240
MTW-06 | 150075 W/E12 B6 organic AMS 2040+ 50 -25.7 2030+ 50 BC 170-AD 80
MTE-56 | 150077 E/W6 B6 organic AMS 2360+ 70 -25.7 2350+ 70 BC 800-200
MTE-09 | 150078 | E/W10.5 B6 organic AMS 2370+ 50 -25.7 2360+ 50 BC 800-200
MTE-10 | 150168 | E/W10.5 B7 organic B 1500+ 70 -25.1 1500+ 70 AD 420-660
MTE-06 | 148447 E/W4 B7 organic B 1670+ 60 -25.3 1660+ 60 AD 240-540
MTW-07 | 150167 | W/E12.5 B7 organic B 1740+ 60 -26.7 1710+ 60 AD 130-440
MTE-21 | 150169 E/E11 B7 organic B 1850+ 70 -24.8 1850+ 70 AD 0-350
MTE-29 | 150171 E/E10 C wood B 2110+ 60 -31.5 2010+ 60 BC 170-AD 130
MTE-67 | 150174 E/W13 C organic AMS 2060+ 60 -26.9 2030+ 60 BC 200-AD 130
MTE-22 | 150172 E/E12 C wood B 2950+ 50 -33.2 2820+ 50 BC 1130-830
MTE-65 | 150170 | E/E12.5 C wood B 3040+ 70 -27.4 2930+ 60 BC 1320-930
MTE-16 | 150176 E/W12 C wood B 3660+ 70 -25.9 3650+ 70 BC 2210-1770
MTE-70 | 150175 E/W6 C organic AMS 4120+ 70 -28.5 4060+ 70 BC 2880-2460
MTE-51 | 150180 E/W4 D organic B 7800+ 70 -28.6 7740+ 70 BC 6700-6430
MTE-79 | 150182 | E/S7.5 D organic B 8170+ 60 -25.1 8170+ 60 BC 7450-7050
MTE-58 | 150181 E/W6 D organic B 8230+ 80 -25.4 8220+ 80 BC 7480-7060
MTE-32 | 150179 E/E8.5 E2 organic AMS 16190+ 50 -25.1( 16190+ 50

MTE-36 | 150178 E/E7 E2 organic AMS 17470+ 60 -24.5| 17480+ 60

MTE-O07 | 148448 E/E4 E2 organic B 22320+ 510 -24.3| 22330+ 510

MTE-69 | 150177 | E/W13.5 E5 organic B 20220+ 260 -26.0| 20200+ 260

MTE-42 | 150207 E/W9 E5 organic AMS 22740+ 90 -25.5| 22730+ 90

MTE-64 | 150173 | E/E13.5 E5 organic B 23680+ 300 -27.5| 23640+ 300

MTE-59 | 150183 E/W6 E5 organic AMS 24070+ 100 -26.5| 24050+ 100

MTE-47 | 150211 | E/E4.5 E5 organic B 28540+ 320 -27.5| 28500+ 320

MTE-60 | 150184 E/W6 E5 organic AMS 28770+ 180 -27.0( 28740+ 180

MTE-18 | 150208 | E/W11.5 E5 organic AMS 28820+ 170 -27.7| 28780+ 170

MTE-23 | 150209 E/E12 E5 organic AMS 29370+ 190 -27.3| 29330+ 190

MTE-48 | 150210 E/E5 E5 wood B 30190+ 260 -28.4| 30130+ 260

MTE-44 | 150213 | E/W7.5 E6 organic B 26020+ 310 -25.9| 26010+ 310

MTE-35 | 150212 E/E8 E6 organic B 28990+ 460 -26.6| 28970+ 460

MTE-66 | 150215 E/E11 E7 organic AMS 29080+ 180 -24.4( 29090+ 180

MTE-25 | 150214 | E/E12.5 E7 organic AMS 30630+ 210 -22.8| 30670+ 210

513, CARARIE BB B OV E S

Table 1. List of radiocarbon samples and dating results.

FIHRLZIZ Libby O -8 (5568 4F ) 2 Nz .

B E A 1E, Bronk Ramsey(1998) @ Oxcal 7’11 77 A& W TRD 7.
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Sample number|

MTP-

MTW - pol -

MTE - pol -
18 19

Horizontal location

pol-01
s

3.45

19

130 133

1150

11.50

11.50

w w
1150 1150

11.50

11.50

11.50

1150

11.50

11.50

Vertical location

Scientific name

112

110

530

6.40

3.10

3.05

3.00

2.95

295 290

290 285

285

2.80

2.75

275

2.70

270

265

2.60

2.55

Arboreal Pollen

Podocarpus

Abies

w|mo [

Pinus_subgen. Diploxylon

Pinus_(Unknown)

Cryptomeria

Taxaceae-C

Salix

Myrica

Juglans

Carpinus - Ostrya

Corylus

Betula

Alnus

Fagus

NN

Quercus_subgen. L

Quercus subgen. C

Castanea

Castanea-C:

r

o1

Hemiptelea

Ulmus-Zelkova

N

Celt

Viscum

D

Mallotus

llex

Acer

Aesculus

Vitis

Tilia

Camellia

Elacagnus

Araliaceae

Cornus

Ericaceae

Styrax

Ligustrum

Osmunthus

Fraxinus

Trachelospermum

Nonarboreal Pollen

Typha

Alisma

Sagittaria

Cyperaceae

Aneilema

Liliaceae

Moraceae

Polygonum sect. P

o [

Polygonum

NN

Fagopyrum
ClI

Cai

EYEN

ol

Thalictrum

Cruciferae

=N

Rosaceae

Vicia

Dunbaria

Geranium

Ludwigia

Haloragis

Gentiana

Cuscuta

Labiatae

Justicia

Galium - Rubia

Patrinia

Artemisia
C

Cichorioideae

Unknown Pollen

Unknown pollen

Pteridophyta Spores
L

Osmunda

Pteris

Ceratopts

Salvinia natans

Isoetes

other Pteridophyta spores

103

TOTAL

Arboreal Pollen

170 116

252

253

259

215

Nonarboreal Pollen

121

118

153

241

Unknown Pollen

1
113 209 6
21 38 12 3

20

Pteridophyta Spores

69 107] 386 17

121

107

32 74

Total Number of Pollen & Spores

~lolo|ofn

373 723 27

olo|olele

555

491

478

498

VA Very Abundant

A Abundant( )
) FFew( ) Tr Trace( )

C Common(

T

Tr Tr T c Tr Tr

VA Very Abundant
) VR Very Rare(

A Abundant( ) C
)

Common( ) R Rare( ) N Non(

VR

R-VR

VR R-VR VR N

VG Very Good
) VP Very Poor(

G Good( )
)

M Moderate( ) P Poor(

P-(M)

P-(M)

P-(M) P-(M)

M-P

M-P

M-P

523K, AL OITRER.

Table 2. Pollen analysis results.
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Sample number]

30

MTE -pol -

34 35 36

38

50

Horizontal location

11.50

1150

11.50

11.50 1150

1150

11.50

11.50

w w
1150 1150

w
11.50

11.50

1150

1150

9.65

9.65

Vertical location

Scientific name

2555

2550

245

240 235

235 230

2.30

2.25

2.20

2.15

215 210 205

2.00

195

1.95

1.90

1.90

3.28

3.23

3.60

3.55

Arboreal Pollen

Podocarpus

Abies

ol

Pinus_subgen. Diploxylon

Pinus_(Unknown)

Cryptomeria

Taxaceae-C

o[

oo v~

Salix

Myrica

-
NN

|t

w|t

Juglans

Carpinus - Ostrya

Corylus

NN

Betula

ol

NN
~

Alnus

Fagus

(S S 1S N P

Quercus subgen. L

8

Quercus subgen. C

©
£
~
3

Castanea

~

@

IS

Castanea-C:

<

o

~
NN

NN

NN

w1

NN

w1

Hemiptelea

Ulmus-Zelkova

Cell

N

e

w ||

N
N

e

N

Viscum
Sanhn

NS N

IS

NN

Mallotus

llex

Acer

NN

Aesculus

Vitis

Tilia

Camellia

Elaeagnus

Araliaceae

Cornus

Ericaceae

Styrax

Ligustrum

Osmunthus

Fraxinus

Trachelospermum

Nonarboreal Pollen

Typha

Alisma

Sagittaria

C

Aneilema

Liliaceae

Moraceae

Polygonum sect. Persicaria

Polygonum

Fagopyrum
Cl

|

C:
Thalictrum

Cruciferae

NI

Rosaceae

Vicia

Dunbaria

Geranium

Lythrum

Rotala

Ludwigia

Haloragis

Gentiana

Cuscuta

Labiatae

Justicia

Galium - Rubia

N

Patrinia

Artemisia
<

e |

NN

Cichorioideae

Unknown Pollen

Unknown pollen

34

Pteridophyta Spores
L

Osmunda

Pteris

Ceratopt

Salvinia natans

Isoetes

other Pteridophyta spores

TOTAL

Arboreal Pollen

249

246

Nonarboreal Pollen

214

139 7

265
409

128
11

Unknown Pollen

19

34

61

31

13

Pteridophyta Spores
Total Number of Pollen & Spores

488

461

707

186

VA Very Abundant

A Abundant( )
) F Few( ) Tr Trace( )

C Common(

T

Tr

VA Very Abundant
) VR Very Rare(

A Abundant( ) C
)

Common( ) R Rare( ) N Non(

VR R

VG Very Good
)

G Good( )
VP Very Poor( )

M Moderate( ) P Poor(

P-VP_ M-VP

M-P

Fok. (W) BRI,

Table 2. (continued). Pollen analysis results.
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Sampling location
Sample no. horizontal | vertical | Horizon Estimated age
trench/wall
(m) (m)
MTE-pol-39 | E trench/W wall W11.50 |1.87-1.90( top B3 Heian era or later
MTE-pol-38 | E trench/W wall W11.50 |1.90-1.95 B3 Heian era
MTE-pol-37 | E trench/W wall W11.50 |1.95-2.00 B3 (ca. 9th c.-12th c.)
MTE-pol-36 | E trench/W wall W11.50 |2.00-2.05 B3 to
MTE-pol-35 | E trench/W wall | W11.50 [2.05-2.10 B3 Tumulus age
MTE-pol-34 | E trench/W wall | W11.50 |[2.10-2.15| B3/B4 (ca. 4th c.-6th c.)
MTE-pol-33 | E trench/W wall W11.50 |2.15-2.20 B4
MTE-pol-32 | E trench/W wall W11.50 |2.20-2.25 B4
MTE-pol-31 | E trench/W wall W11.50 |2.25-2.30 B5 Early Tunulus age
MTE-pol-30 | E trench/W wall W11.50 |2.30-2.35 B5 (ca. 4th c.)
MTE-pol-29 | E trench/W wall W11.50 |2.35-2.40 B5 to
MTE-pol-28 | E trench/W wall | W11.50 |2.40-2.45|  BS Late Yayoi period
MTE-pol-27 | E trench/W wall W11.50 |2.45-2.50 B5 (ca. Ist c.-3rd c.)
MTE-pol-26 | E trench/W wall W11.50 |2.50-2.55 B5
MTE-pol-25 | E trench/W wall W11.50 |2.55-2.60 B5
MTE-pol-24 | E trench/W wall W11.50 |2.60-2.65 B6
MTE-pol-23 | E trench/W wall W11.50 |2.65-2.70 B6
MTE-pol-22 | E trench/W wall W11.50 |2.70-2.75 B6
MTE-pol-21 | E trench/W wall W11.50 |2.75-2.80 B6 Early Yayoi period
MTE-pol-20 | E trench/W wall W11.50 |2.80-2.85 B7 (ca. 3rd c. BC-1st c.)
MTE-pol-19 | E trench/W wall W11.50 |2.85-2.90 B7
MTE-pol-18 | E trench/W wall W11.50 |2.90-2.95 B7
MTE-pol-17 | E trench/W wall W11.50 |2.95-3.00 B7
MTE-pol-16 | E trench/W wall W11.50 |3.00-3.05 C Latest Jomon period
MTE-pol-15 | E trench/W wall W11.50 [3.05-3.10 C (ca. 2300 3000 y BP)
MTE-pol-44 | E trench/E wall | E 9.65 |2.75-2.80 C or earlier
MTE-pol-47 | E trench/E wall E 9.65 |3.23-3.28 C ca. 2000 6000 y BP
MTE-pol-50 | E trench/E wall E 9.65 [3.55-3.60 C ca. 5500 7000 y BP
MTE-pol-65 | E trench/E wall E 4.70 1.60 E2 ca. 16000 26000 y BP
MTE-pol-11 | E trench/W wall W12.75 4.40 E5
MTE-pol-12 | E trench/W wall W13.00 5.30 E7
MTP-pol-01 | Passage/S wall §"3.45 1.12 E7
MTW-pol-02 | W trench/S wall S 1.90 1.10 E7
MTW-pol-05 [ W trench/E wall E 7.50 0.80 E7
MTW-pol-04 [ W trench/E wall E 7.50 1.00 E7
MTE-pol-13 | E trench/W wall W13.30 6.40 F1
MTW-pol-03 | W trench/W wall W10.60 0.50 F1

3K, TR R O HEE S0 & E ORER.

Table 3. Ages of each stratigraphic horizon estimated from pollen analysis results.
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Rl (&Rt ) OfEEgERE

oono oono oooo
oofjo o - DDD(DDD)DDD 0 emu) a 95 k
820 NO NRM 5 2.6| 41.5 | 7.14E-06 | 13.43( 33.40
O 2.5mT 5 3.4] 45.3 [ 5 97E-06 | 15.80| 24.39
B30 N1 NRM 5 46.5( 52.0 | 4.04E-06 | 42.68]| 3.42
N2 NRM 6 -10.5[ 42.1 | 5.60E-06 | 29.34 6.16
N3 NRM 6 10.1) 48.9 [ 4.42E-06 | 31.93| 4.53
N4 NRM 6 28.3| 51.8 | 5.75E-06 | 19.42] 10.61
N5 NRM 5 3.6| 46.8 | 4.75E-06 | 17.09( 20.99
B40 O 2.5mT 5 -4.3( 39.6 | 3.85E-06 | 16.60( 22.19
N6 NRM 5 39.9| 27.4 | 4.62E-06 | 46.45 3.67
N7 | 2.5mT 6 -6.5[ 55.2 | 2.76E-06 | 14.37( 22.68
O 5.0 mT 6 -6.6| 51.3 [ 2.34E-06 | 17.26| 16.02
N8 | 2.5 mT 6 7.1 45.8 | 6.01E-06 [ 9.06| 55.64
850 O 5.0 mT 6 7.4] 47.3 | 5.05E-06 | 8.25| 66.95
N9 NRM 5 -13.6[ 50.4 | 8.08E-06 | 22.28| 12.75
2.5 mT 5 -9.0] 51.9 [ 7.19E-06 | 21.08| 14.13
B60 | N10 NRM 6 -2.5( 44.5 | 4.30E-06 | 32.54 5.19

a9 0000OkOOOOOOOOOOOOODOOODODOODOODOOOOOOO
B4R, RS E RS R

Table 4. Paleomagnetic measurement results.
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B20] NO 014200} 05300 | O O a 95=13°
Nl * *
B30 oo
N2 * *
N3 N6 * *
1150+ 40
B4
(1100) | (850)
N7 =14°
(700y | (1250) | 1570% 40 a 95
o 95=8° O 0 04000 O 1350
\8 1350 600 00000000840 0B6
B50] 400 1550 | § g |0O“OOOOOOOA4000
00000000
Ng * *
1740+ 40
B6L] N10 * *
2360+ 50
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56 F. AT HIRE S E RS B HHEE S D Bl IR AR

Table.5 Archeomagnetic ages of each horizon estimated from paleomagnetic measurement results.
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Photo 1a. View of the west and south walls of the east trench just after the excavation work.

HHE 1b. ® L FRAEBERORERO 7 n—X7 v 7,
Photo 1b. Close-up of the fault zone on the west wall of the east trench.
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Photo 2. View of the east wall of the east trench just after the excavation work.

- o
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Photo 3. View of the east wall of the west trench just after the excavation work.
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