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Characteristics of the surface ruptures associated with the 1896 Riku-u
earthquake and geomorphic evidence for a previous faulting on the Kawafune

fault around the Waga River, lwate Prefecture
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Abstract: The 1896 Riku-u earthquake (M 7.2) produced a series of surface ruptures on a conjugate set
of reverse-fault system that bounds both of western and eastern margins of the Mahiru mountains, NE
Japan. The surface ruptures have been examined and described for a long time since immediately after
the earthquake, but some problems regarding accurate extent and characteristics of the surface ruptures
remain unresolved. We revisited the surface ruptures along the Kawafune fault, a northern segment of
the Mahiru-Sanchi-Toen fault zone, Iwate Prefecture, which bounds eastern margin of the Mahiru
mountains, to expand findings on the Kawafune fault gained by Yasuo Awata at Geological Survey of
Japan (AIST) through the investigation in 2010 FY. We focused on southern extension of the presently
defined southern end of the surface ruptures on the Kawafune fault appeared in the 1896 earthquake, and
conducted literature search, topographic analyses, and field surveys. Detailed topographic data obtained
by LiDAR imaging and in-situ surveys clearly exhibit the fault scarps that cut a flight of fluvial terraces
extending for ~400 m west-southwestward from west (right) bank of the SSE-flowing Waga River, which
smoothly connect the presently defined surface rupture trace. The fine-scale map view geometry and
topographic profiles of the fault scarps suggest that the fault is a reverse fault with a shallowly
northwestward dip near the ground surface. A series of topographic profiles across the fault scarps shows
a significant difference in vertical separation at difference levels of the terraces, implying that the
terraces experienced at least two surface-rupturing earthquakes including the 1896 earthquake. Future
efforts on dating of the terraces will unravel recent faulting history of the Kawafune fault.
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Keywords: surface rupture, 1896 Riku-u earthquake, Kawafune fault, Waga River, reverse fault, surface
morphology
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Table 1. Classification of fluvial terrace surfaces along the Waga River near Sawauchi-kawafune and
Sawauchi-izumizawa, Nishiwaga Town, Iwate Prefecture, and inferred age of the terrace deposits.

KT PEEBLARTIR S SERT EELJR L ST T P S 0 A D B FEHEREY) O [ R IR AR AR
v (2011) (ERIED, 2011 ; FEERTHAATIZERT, 2011)
IVb
Tl
IVa 300+20 BP', 380+30 BP', 840+20 BP'
T2 1Ib 2,460+30 BP', 3,350+30 BP', 3,570+30 BP', 3,700+30 BP'
- ey
T3 1 !
Ib 16,640+60 BP', 23,820+90 BP
T4a
T4b a 18,500+450 BP>", AT"", 22,050+650 BP, 26,600+1,080 BP’, 33,380+170 BP',
T4b' 44,160+430 BP'
T5
I
T6
T7 ob

RIS AT L TR,

'SEHIE) (2011)

PRBUFEBIFTE 2 L —7 (1973)

SNIFERIZ A (1975)

"B BB - ORIRIHERE s D IRIR S -kl GEEHEATRATIZERT, 2011 ; BEHEIEA, 2011) .

B2 3. BB LM BRI R A R A D By R HERE 2 D BRI S 7 M ARG O R RE AR &
fRER & 22 D KILK.

Table 2. Calibrated radiocarbon ages and marker tephra obtained from terrace deposits in the southern part of the
Mahiru-Sanchi-Toen fault zone.

14 e AN i c
aem DD, A i (cal BP; faﬁg{;ﬁ%ﬁ@ :
Tl 300 + 20 AL IAAA-101846  300-500 (95.4%)
380 + 30 AL IAAA-101847  300-600 (95.4%)
840 + 20 AL IAAA-101845  600-800 (95.4%)
T2 2,460 = 30 TSR IAAA-101842  2,300-2,800 (95.4%)
3,350 + 30 JEREI VB IAAA-102171  3,400-3,700 (95.4%)
3,570 + 30 e IAAA-101844  3,700-4,000 (95.4%)
3,700 + 30 JEET LR IAAA-102172  3,900-4,200 (95.4%)
T3, T4a 16,640 = 60 JEAE LR IAAA-102173  19,900-20,300 (95.4%)
23,820 = 90  JEME LR IAAA-102833  28,210-27,730 (95.4%)
T4b, T4b' 18,500 = 450 Nz Gak-3780 23,730-23,540 (2.1%), 23,420—21,330 (93.3%)
AT F75 - 29,430-30,150*
22,050 £ 650 Tk Gak—4354 27,720-25,140 (95.4%)
26,600 = 1,080 Tk Gak—4355 33,770-28,870 (95.4%)
33,380 = 170 A IAAA-102834  39,050-37,510 (95.4%)
44,160 = 430  JEWEI Vb IAAA-102174  47,670-45,620 (95.4%)

YEE-Tn7 75 (HTH - HiH, 2003)

TIAAA- : GRS IITERT, GaK- : FHBikY:

AR I3 E T — 4 & L CIntCal20 (Reimer et al ., 2020) % JAVT, #IE7 1 2 5 A0xCal4.4 (Bronk Ramsey, 2001) 12 J 0 4572~

7=.

*Smith et al . 2013)I2 & 5.
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Fig. 1. Active faults and 1896 earthquake surface ruptures in and around the Mahiru Mountains. The traces of the active faults
and those of the surface ruptures are from Nakata and Imaizumi (2002) and Matsuda et al. (1980), respectively. u:
upthrown side, d: downthrown side. Background topographic map is created using GSI (Geospatial Information
Authority of Japan) basic map information 10 m mesh DEM (Geospatial Information Authority of Japan, 2021). Rivers,
lakes and ponds are based on GSI basic items (Geospatial Information Authority of Japan, 2021). x and y coordinates in
meters at left and lower parts of the frame are from Japan Plane Rectangular Coordinate System X.
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Fig. 2. Map showing the surface rupture along the Kawafune fault in association with the 1896 Riku-u earthquake. The trace of
the surface rupture and location of public funeral place are after Matsuda et al. (1980). u: upthrown side, d: downthrown
side. The area of this figure is shown in the black frame in Fig.1. Background shaded relief map is created using GSI
(Geospatial Information Authority of Japan) basic map information 10 m mesh DEM (Geospatial Information Authority of
Japan, 2021). Rivers and roads are based on GSI basic items (Geospatial Information Authority of Japan, 2021). x and y
coordinates in meters at left and lower parts of the frame are from Japan Plane Rectangular Coordinate System X.
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Fig. 3. Fluvial terrace surfaces (T1 to T7; lower to higher) along the Waga River near Sawauchi-kawafune and Sawauchi-
izumizawa, Nishiwaga Town, Iwate Prefecture, and the trace of faults that displaces the terrace surfaces (red line; broken
line denotes inferred trace). The area of this figure is shown in the white frame in Fig. 2. Blue line PA: line for topographic
profile perpendicular to the Waga River (profile is shown in Fig. 4). Blue lines P1 to P10: lines for topographic profiles
crossing the fault scarps (profiles are shown in Fig. 6). Approximate shooting position and direction of Fig. 5 are indicated
by the ‘eye’ mark on the left side of the center of this figure. Topographic contour map is created using an airborne
LiDAR-derived 2 m mesh DEM. Contour interval is 1 m. Rivers, roads and buildings are based on GSI basic items
(Geospatial Information Authority of Japan, 2021). x and y coordinates in meters at left and lower parts of the frame are
from Japan Plane Rectangular Coordinate System X.
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Fig. 4. Topographic profile perpendicular to the Waga River (profile PA). For line of the profile see Fig. 3.
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Fig. 5. A southeast-facing fault scarp on the terrace surfaces T4b—T4b’. Approximate shooting position and orientation
are indicated by the ‘eye’ mark on the left side of the center of Fig. 3. The height of the person is about 1.8 m.
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Fig. 6. Topographic profiles across the fault scarps (profiles P1 to P10). For lines of the profiles see Fig. 3. v.s.: vertical separation.
Blue crosses denote the data points. Gray dashed lines show approximate straight lines of the profiles away from the
deformation zone on the upthrown and downthrown sides of the fault scarp.
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Fig. 7. In situ surveyed topographic map around the faulted terrace surfaces T4b—T4b’ and T3 and topographic profiles
PI-PT” and PII-PII’ on the right bank of the Waga River. The base of the fault scarp is shown by red broken line.
Contour interval is 25 cm. Survey points are denoted by black dots. The area of the survey map is shown in the
black frame in Fig. 3. V.E.: vertical exaggeration. v.s.: vertical separation. x and y coordinates in meters at left
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Fig. 8. Dip angle of the fault plane inferred from the topographic profiling assuming that the fault consists of a
single, flat plane emerging at the base of the fault scarp (when strike of the fault is N53°E). Topographic
profiles PI and PII are the same as those in Fig. 7. 8: dip angle of the fault plane.
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