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Identification of Multiple Faulting of the Median Tectonic Line Active Fault System
in the Tokushima Plain based on High-resolution Sedimentological Analysis
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Abstract

0 O High-resolution sedimentological analysis of core samples from the Tokushima Plain
enable us to identify evidence for multiple faulting of the Median Tectonic Line active fault
systemi] MTLduring the Holocene period. Continuous and close-interval analyses of lithology
0 0.5 cm-order(] and magnetic susceptibility] 2 cm-interval(l were carried out on three core
samples from the hanging wall and footwall sides of the Naruto-minami fault, which is part of
the MTL. In addition, analyses of grain sizél 10 cm-intervalCand composition of very fine sand
fraction[] 20 cm-intervall] were carried out on core samples obtained at both ends of the fault
deformation zone. Based on these sedimentological analyses, we correlated 34 horizons across
the bore holes and divided the strata into 8 sedimentary units. We also identified 6 intervals
that are thicker at the footwall side of the fault. These intervals appear to be related to
movements of the MTL and the age of these paleoseismic events are estimated on the basis of
radiocarbon ages. At least 6 paleoseismic events are detected for the last 15000 years: 1515
O 1700 cal BP, 2800 00 3200 cal BP, 3400 0 4200 cal BP, 7300 O 7600 cal BP, 9700 0 10100
cal BP, 13000 O 15000 cal BP. The average dip slip rate of the Naruto-minami fault is

estimated at 1.2 mm/year.

Key wordslO Holocenell Tokushima Plain[] Median Tectonic Line active fault system[] core
samples[] high-resolution sedimentological analysis[] correlation
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Study area of this paper
Trench sites of Tsutsumi & Okada (1996)
Drilling site of Nanayama et al.(1999)

== \edian Tectonic Line active fault system
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Fig. 10 Segmentation model of the Median Tectonic Line active
fault system in eastern Shikoku and southern Kinki

Districts.

Eastern Shikoku District after Tsutsumi and Okada
019960 Kii Suido and southern Kinki Districts after

Sugiyama et al.0 19990
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Fig. 20 Geomorphological map of the Median Tectonic Line active fault
system in the northern Tokushima Plain with the location of the

study area.

Geomorphic classification after Okada et al.00 199901
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Fig. 30 Lithofacies of D-1, D-2, and D-4 cores across the Naruto-minami
fault at Danzeki, Naruto City.
v : Trench Tokushima Prefecture, 20000
0 : Geo-slicer] Tokushima Prefecture, 20000
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Table 10 Radiocarbon dating data for Tokushima PrefectureJ 20001

Core number Dcpth] m0 Sample 5181 %0 4C agél yBPO Calibrated agél cal BP(J* Lab.ndJ BETA-O
D-2 1.70 wood -26.8 [R960 = 900 2880 to 3360 124837
D-2 15.40 organic sediments -22.7 12150 £ 500 13800 to 15400 127467
D-2 15.70 organic sediments -26.3 11730 + 400 13500 to 14000 125307
D-2 19.10 organic sediments -27.1 7940 + 110 8460 to 9090 124838
D-2 27.60 organic sediments -23.7 10840 = 400 12600 to 13000 125308
D-4 1.14 wood -28.8 1820 + 500 1610 to 1870 122504
D-4 4.24 wood -27.3 2910 £ 500 2890 to 3240 122505
D-4 6.47 wood -28.4 6370 £ 500 7170 to 7420 122506
D-4 11.43 wood -28.2 5880 + 400 6570 to 6850 122507
D-4 15.40 wood -28.3 500 £ 500 6200 to 6410 122508
D-4 19.30 organic sediments -27.1 07440 + 400 8180 to 8350 125309
D-4 27.02 wood -28.0 8060 = 500 8720 to 9240 122509
D-4 41.98 organic sediments -25.9 11730 + 400 13500 to 14000 122510

*MO 000000002000 000000 Stuiveretal.01998a, b0 00000000000 O0OO100000000
Jgo0ooOooOD01000000000DO0O0O00000O0D 100000DODODDOODOOOOO

*IDendrochronologically calibrated age by program of Stuiver et al.0 1998a, b0, with 2 standard deviation
uncertainty. Dates younger than 10000 cal BP are rounded to the nearest 10 years, and older ones are rounded to
the nearest 100 years.
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Table 20 Lithofacies, remarks, environment, and age of units A to H.

Unit Lithofacies Remarks ann‘onme.nt Ageél cal BPO
interpretation
A Silt to silty sand Interbedding clay Back swamp Present to 2800
Including rootlet with iron rim and wood fragments
B  Fine to medium sand Well sorted Delta plain 2800 to
Coarsing upward 0 topsetd 4200-5000
No interbedded clay
Interbedding coarse sand in the upper portion
No shell fragments
Plant fragments decrement to the upper portion
Bioturbated
C Interbedded very fine to Coarsing upward Delta front 4200-5000 to
fine sand and silt Shell fragments 0 foreset 8000
Bioclust decrement to the upper portion
Foraminifera in the bottom
K-Ah volcanic ash containment
Increasing plant fragments in the upper unit
Bioturbated
D Interbedded silt and clay Coarsing upward Prodelta 8000 to 9600
Several shell and conglomerate layers O bottomset
Shell fragments and bioclusts increment to the upper portion
Foraminifera in the top
Plant fragments decrement in the upper portion
Bioturbated
E  Fine to medium sand Well sorted Estuary 9600 to 10900
Fining up ward
Few shell fragments
Plant fragments increment to the upper portion
Weakly bioturbated
F  Interbedded coarse sand Coarse sand to conglomerate Channel 10900 to 13000
and conglomerate
G Silt Vivianite within peaty bedding in the lower portion Back swamp 13000 to 14500
Plant fragments
Very thin bedded at the D-2 core
H Interbedded coarse sand Coarse sand to conglomerate Channel 14500 to OO O
and conglomerate
0doooobooooooobeeenoooonono goobobbobooooooobbouooooooa
godddoooooooooooo gd19%e0 0000000000000 0ooaoa
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Fig. 60 Correlations of strata between cores D-2
and D-4.
Deeper marker horizons show greater
depth separation, suggesting repeated
fault movements.
Lithofacies are simplified from Fig. 3.
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age curve constrained by radiocarbon
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Fig. 80 Dip separation of the Naruto-minami fault.

0000oo000oo0oooooooo BOOGO
oobob03ygeboooooOooooooosonon
obooooboobooboobobooobonbo
obobooooogonog
gboboooboobooboobobbooboobo
oboooooboboooboboobooboonoo
obobobob10ebUdb0bOobOobOnDO
gbooboooobooboobooboobooboo
obooboobo1bed0O0obOObDObOODnO
oooobooboooboboboboooboobog
oobooob10eb000ODOODOObLOO
obooooobooobooboboboobobonbo
0l0edbdbOdbOO0ObOODbODODODO
gboboboo
oboo1beb0O0DbD100000O000DOO0
goooboobobobooobooooboonoog
obobooooooobosgoooooooo
OO0D-200065.50mO0000000000O0O
e’ b0 ouooonooD
ooboooooobooboi1o3ooobooooo

gooooooobon
boboobobooobobooboboobbo
gbooooooooobooboboboob e
gboooooooobo s
oooob01000oboboooooooobooboooo
gbobooooobooobooobobooobo
gboboooboboboooooboboobobo
gboboooooboobobooobooboobobo
obooooooooobobobooooobooong
O00000 7000 1100al BPO OO OOOO
gooboboooobobooboooobobooo
0200000000000 14500 1550dal BP O
gbooboboooboboboobobuobobo
gbooooooobobon
gboob2000000000000000D0O0
gboboooooboooobooobobooobo
ooooooooooooobobooooog 1700
0 2800€al BPOOOOOOOOOOOOOOO
O000000000200100 18500 2950(dal
BPO 10 200 33350 3375dal BPO 1000

— [ —



o3gpooooooooooooooooOobO0ooOoOooOooOobOooooomOoobo

Table 30 Environment, remarks, dip separation, and age of sediments 1 to 6.

Environment

Dip separation

Sediment . Remarks Agél cal BPO
interpretation Om0O
1 Back swamp  Corresponded to the latest event Morino et al.,20010 0.6 0700 to 1100
Corresponded to displacement of ground surface in the main

2 Back swamp  Accumulated 2 or 3 events[] Morino et al.,20010 1.6 1700 to 2800

3 Delta plain Accumulated multiple events 5.1 3100 to 4500
O topsetU Sediments on the emergence period

4 Prodelta Sediments on the high depositional rate 0.6 7300 to 7500
O bottomset

5 Estuary Sediments on the transitional period 2.6 D200 to 10900

6 Back swamp  Accumulated multiple events 7.0 13000 to 14500
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Fig. 90 Average dip-slip rate of the Naruto-
minami fault.

goboOobooooooOD-20000 b4000O
gbooobooooooobooobooooooog
O0O00O0O00Do 130000 14500@al BPO OO
gobooobooboboboobooboobooo
gboooboooooooooooooogoooog
RN

goooooboobooboboobooboooo
gboooboooooooboooooooooooo
gobooooboboooooboboobooo
oO0oO0oo0ooOo0Oo0ooOos0e00O00O000O

gdooooooooooooooooooooo

goooooooooO0ooobooobboOo1ded

— [ —



oooooobobooobobooboobooboog
oooooboooobOooobOooobono2
mm/yr0 000000000 AQCCOOOOOOO
00 9o
gbobooobooboooboobobbooboobo
oboobooooboobooboboobonbo
oooobooboooboboboboooobonbog
gbobooooobooboboboooo
obobobobo0o400b00ob0ooboooog
oooooooobooboobobooobonboog
gbobobooboooboobooo

viooooood

gboobooobooboboobobooo
gooboooobbooo 840000000
gpoooo

goboooooobo spgobooobooooboo
gbobooooooobogon
opboboooboboooboboobobooog
gbooooboboobobooboobooboo
gboboooooon
gobooogobooogioobbooooooo
eJ0bDOoU00DOOoOobDOOoDmoboboOoooo
000007000 1100dal BPO OO 1.1600O0
00 1700 0 2800(dal BP O 1.6m{13100 O 4500
cal BP O 5.1@h0 7300 O 7500[dal BP O 0.60n[
9200 O 10900[dal BP O 2.60n[ 13000 O 14500
cal BPO 7.0mhO00O0ODOOO
0000000000000 0OO0D 1.20m/yrd
0000000 A00O0O0UoOoooooooooo

oo
oboooobooooooooboooobooOooooo
ooboooobooooboooooooooboooooooo
ooooooooooooooboooooooooo
goooooooOoooooooooobooooooo
goooooooOoooooooboooboboooooo
obooooboooooooooooobooooooa
gobooooboooobooooo
oobooooboooooooobooooboooooo
ooboooooooooooooooobooooooo
goooooooOoooooooooobooooooo

gbobooooooooooooooooooooooo
goboooooooooooooooooooooo
gooo0ooooooooooobooooDo
gobooooooooooooboooo

oooo

Oo00oo199st 0000nooOonoooooooaoa
0000000000000 0000O0340135-1490
goooo19%e 0000D0O0OD0ODOO0ODOODODOD
O000000O0O0o0oOoooooosdel1-720
gooog1998i 00 oooonoooooooooon
00000O0D0O0ODODOO3870299-3130
0000001983 0000000000000 152p.
Kaneko, S.01966F Transcurrent displacement
along the Median Line, South-Western Japan.
New Zealand J. Geol. Geophys., 9, 45-59.
gooooool1991to0oooooo—-00o0oo
0—-000000D00O0D448p.
00000oo1982i20 5000 1000000000
goom

0o00oOoboooo978a 0bdoooOooooDon
Oo0o0d00o0Oo0OO0-—-000000o0bOoooooo17d
143-1630
poooboboo0oobooooobobooobobobooo
000000000 0DOO0O0O0OoboOoOoooozoo1:
goodobobooooboboooobbooooooag
00001070 681-7000
Jodo0ooDbOoOoOoooOoOoobobooooooooa
gooooool19toooooooooooooo
pgoooobboooobbooobobbooooboobo
EQ/99/30 00 1000000000 000000DODO
00 [ 235-2520
gooogl19e8i 000000 DOODOODODODOD
O0000D0D0O00O0o7o15-260
gooog197ot 000000 DOODoDOoOoDOooOooDogon
0000bO00O0DOO0oDoDO0ob0Oo4301-210
0000Oo1988 198400000 00Oooooooa
Jooooo0oooooDoooooooOdnoosd3s-41.
goood1992t 00 0000b0D0O0oDbOOoDOoDOoD
00000000400 15-30.
goooboboooobbooooboooobood
OgooooOo1999ti20 000 10 000OOO
godmoooooa
goooboboooobbooooboooobood
pgoooobbooobbooobobbooooboobo
01992t 00000000 ooboo0—-000ooooag
0000000000 —-000000040065-740
Stuiver, M., Reimer, P.J., Beck, J.W., Burr, G.S.,
Hughen, K.A., Kromer, B., McCormac, F.G., v.d.
Plicht, J. and Spurk, M.O 1998alt INTCAL98
Radiocarbon age calibration 24,000-0 cal BP.
Radiocarbon, 40, 1041-1083.

Stuiver, M., Reimer, P.J. and Braziunas, T.F.
[0 1998b[t High-precision radiocarbon age calibra-
tion for terrestrial and marine samples. Radiocar-

— [ —



bon, 40, 1127-1151
0000000000000000000000000
00000000000000000000000
00000000000 00000000000O
019990 000000000000 00000000
00000000000000EQ/99Y300 1000
0000000000000000 M 285-3050
0000000000019720 00000000000
0000000000000070161-1700
0000000000000000000000000
0000019980 0000000000000000
00000000000000000000000170
97-1050

000020000 00000000000—-000000

J0o0000OoO0oOoooOoOoDog—0o215p.

Tsutsumi(OH. and OkadaOA. O 19961 Segmentation
and Holocene surface faulting on the Median
Tectonic Line, Southwest Japan. J. Geophys. Res.,
101, 5855-5871.

Tsutsumi, H., Okadal A., NakatalO T.00 Ando M.
and Tsukuda(ITJ 1991% Timing and displacement
of Holocene faulting on the Median Tectonic Line
in Central Shikokull Southwest Japan. J. Struc-
tural Geology, 13, 221-233.

gopooOooooOooooooooaooooooa
O0000DO0D0O0ODO0O099043-570

020010 50 24000020010 120 170000

— [ —



