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Abstract: The Itoigawa-Shizuoka Tectonic Line active fault system (ISTL) in central Japan is a complex
150-km-long fault system consisting of north-trending east-dipping reverse (northern ISTL), northwest-
trending left-lateral strike-slip (central ISTL), and north-trending west-dipping reverse faults (southern
ISTL). The 36-km-long Matsumoto-bonchi-toen faults we study occupies southern half of the northern
ISTL. Recent paleoseismic studies suggest that several behavioral segments might have produced
frequent M7 class ecarthquakes rather than a single gigantic M8 shock due to the entire ISTL rupture.
However, further paleoseismic data are required to assess the potential of simultaneous multiple ruptures
nearby behavioral segments. Here we excavated several trenches at Ikeda-Nakanogo and Akashina sites
located on center of the Matsumoto-bonchi-toen faults in Nagano Prefecture. The trench walls exposed
the main part of the warped and faulted strata that are deposited during the periods of ca 1,600 cal yBP
to 11,000 cal yBP in ~70-m-wide deformation zone, which shows us the significant topographic scarp
and total vertical separation of deformed layers as high as 7-8 m. One of fault upper terminations and
radiocabon dates yielded from the faulted strata allow us to estimate that the most recent surface-
rupturing earthquake at the site might have occurred anytime since the 430 AD. The age constraint of
the event is consistent with the result obtained from the previous trenches at other sites on the
Matsumoto-bonchi-toen faults. No other preceding faulting events were identified in the strata deposited
since 11,000 cal yBP However, because broad and plastic deformation rather than brittle faulting is
predominant at this site, we cannot conclude that the 7-8-m-high scarp was formed only by the most
recent event. Furthermore, since the fault trace we excavated may not be the main fault strand, it is
highly likely we missed other events that might have occurred only on the main fault zone of the
Matumoto-bonch-toen faults.
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Table 1. Radiocarbon analyses of samples from trenches at Ikeda-Nakanogo and Akashina sites across the
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Matsumoto-bonchi-toen faults.

Trench Stratﬁrifp hic Sample No. Lab. No. 14C age (10) Method Material Cal y.B.P (10) Cal y.B.P. (20)
Akashina trench A G AKAS-5 Beta-240883 1830 + 40 AMS organic sediment 1710 - 1820 1640 1870
Akashina trench A Cc2 AKAE-2 Beta-240884 210 + 40 Beta wood 0 - 300 0 310

Ikeda-Nakanogo trench B A3 IKBN-04 Beta-242102 1650 + 60 Beta organic sediment 1520 - 1610 1400 1700
Tkeda-Nakanogo trench B A3 1K-01 Beta-241064 1870 = 40 AMS organic sediment 1740 - 1870 1710 1890
Tkeda-Nakanogo trench B A3 IK-02 Beta-241065 5290 + 40 AMS organic sediment 5990 - 6180 5940 6190
Ikeda-Nakanogo trench B D2 1K-03 Beta-241066 9620 + 60 AMS organic sediment 10790 - 11160 10740 11190
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Fig. 1. a) Distribution of the Itoigawa-Shizuoka Tectonic Line active fault system (ISTL, Shimokawa et al., 1994). Black
bold lines are faults composed of the ISTL. Red lines denote the Matsumoto-bonchi-toen faults. B) Detail
distribution of the Matsumot-bonchi-toen faults from “Strip map of the Itoigawa-Shizuoka Tectonic Line active
fault system” (Shimokawa et al., 1994). Blue dots are sites of paleoseismic trenches performed by Okumura et al.
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(1998), whereas red dots are sites of this study. See the detail map of our study area in Fig. 2.
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Fig. 2. Central part of the Matsumoto-bonchi-toen faults and locations of the trench sites, Ikeda-
Nakanogo and Akashia (red dots). Red solid line and dashed line denote the inferred fault scarp
on the lower river terrace (L1 surface) and inferred blind main fault strand respectively. The
topographic base map is from 1:25,000 Akashina published by Geographical Survey Institute.
Inferred fault traces are after Togo et al., 1999. The blue line across the fault scarp indicates the
location of the measured topographic cross section shown in the left-bottom corner of the
figure (ISTL-jutenteki-chosa-kansoku active landform research group, 2007).
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Fig. 3. Detail topographic map and trench positions at Ikeda-Nakanogo on the inferred fault scarp of the
Matsumoto-bonchi-toen faults. “Bor.1” on the map indicates the position of the drill hole.
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Fig. 4. Logs of the trench walls at Ikeda-Nakanogo. (a) South and (b) north (flipped) walls of trench A. (c) South and (d) north
(flipped) walls of trench B.
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Fig. 5. Photos showing faulted strata on the trench walls exposed at Ikeda-Nakanogo. (a) East and south walls of trench A.
(b) A fault zone and deformed layers on the north wall of trench B. Solid red line indicates fault. Solid square
denotes sampling point, sample name and its age of the radiocarbon dating (cal yBP, 1-sigma range).
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Fig. 6. Cross sections of topography and composite trench geology at Ikeda-Nakanogo. The position for the section is on the
map in Fig. 3. Vertical exaggeration is double. Red dashed lines are extrapolations from measured topography to the
trench positions for measuring amount of vertical separation. About 70-meter-wide fault deformation zone is exposed
on the trench walls. Seven-to-eight-meter throw of the youngest sedimentary units and surface topography is measured.
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Fig. 7. Detail topography and trench positions at Akashina. One of four scarps, scarp 1 is highly likely, might be the
fault trance continuous from the Ikeda-Nakanogo site. AK-1, AK-2, and AK-3 are drilling holes extracted

6-10-meter soil and rock samples.
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dating. One-sigma range of calibrated years B.P. is shown with each sample name. No evidence for paleoearthquake is

exposed on the walls.
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Fig. 9. Photo showing soil and rock samples extracted from the drill holes of AK-1 and AK-2.
Numbers are meters below the Earth’s surface. See Fig. 7 for the drilling positions.

275



it FE R /MRIERS « B IESE

"MOIY} JO0IPAQ JUBOYIUSIS Y} 0} aNP 7-3V PUL ¢-3V SI[0YI0q Y} Ud9M}q PILo0] 9q JYSIw oSoueyeN-epas[] WOl 9d.I) J|nej Y], "D pue ‘g ‘Y oyouai} Jo
S[Tem Aue uo posodxa ST UOIBULIOJOP JUSPIAS ON "U0I1}03s ay} Jo uonisod dewr o) 103 £ "SI 03 SIOJOY "BUIYSEYY J© U0I03s 91530[0a8 A\ F patrjul pue pasodxq ‘0 31

"B B 0 & IR E O TV RV BRI U R IO X% 2 h T 7 O LB
QWHEM L A (— AU D QERIFEAUTZO AN QUL NI YLV THEIM LAY OIS ¢ REIGEMAM S OS2 WEE K0T %

ES — &

w 8g 9S ¥S (4] 0S 8y 9 144 [47% or 8¢ 9¢ 143 [43 0¢ 8¢ 9 74 [44 0¢ 8l 9l 4} cl oL 8 9 14 4 0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

€S 1

B < BVEIB e Fovs

(BE8Y) BE B~ HGBE N
(QURTHENBL) GETHE~THBY B4 H SR %"
B EEBE Lope

BN cH@Re H [ B0 BHIDE g
g1cE D[ | BN AHMERE~ B [ovs
e = BB s

B cHumEys 3 [ BN IAHEO D 1
B2 (BB EET (O EREDE~ B “oss

276



S8 1 — 5 AR S AR DT e 598 e A 22 BRGS0 oy b R A

0 T .
AT /mE § FEsoihRiaeR
1000 ¢ : 1 841 AD
u : 762 AD
2000 = g -
3% 5% 3
Z8 <¢o D SO < w
s000 | 87 =3 AR S |
¥Q' . [ <
< S,: Z | @
S <) N
4000 © @ 218 ]
NEE
o Te) ”2 ;
@ 5000 | =i IN ;
— | N !
s =N
Q@ 6000 m R[4 1
e; o [0 {ﬁJﬁ :
Q N ==
© 7000 | x g oo 1
s 6| S
£ E| & |
8 8000 [ oy | 4R .
(S
M % !
9000 | 2 ]
10000 [ 3 ; ]
x :
\4 '
11000 | L ; ;
12000 | i |
S | BER
13000 :

B, ARARAHRRRIETERE D TR A N> N EAT 7T A BRI
UC JEEBUEAER O 1-sigma FEFHICHI S 375, &R IR E R R
Femdomd. WA 2R T, RGBT 340 LI
WCRAELIEZ Lo To. HRFWE OIFENT SIS T 5 rIErED
BTG 762 47, 841 FOMESL ZOMICHEENS.

Fig. 11. Diagram showing timing of the surface rupturing earthquake at Ikeda-
Nakanogo and Akasina on the Matumoto-bonchi-toen faults. Each bar
with sample name corresponds to one-sigma range of the calibrated
radiocarbon date. The most recent event at Ikeda-Nakanogo might have
occurred anytime after 340 AD, which includes historically documented
762 and 841 AD earthquakes.
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