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Construction of a fault model based on 3-dimensional structure of fault-related
folds in the source area of the 2003 Northern Miyagi earthquake (Mj =
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Abstract: We constructed a 3-dimensional fault model based on 3-dimensional structure of fault-related
folds near the surface of the earth in the source area of the 2003 Northern Miyagi earthquake (Mj = 6.4).
An objective of this study is an establishment of a method to reveal 3-dimensional structure of a source
fault. For this objective, we compared the constructed fault model with the hypocenter distribution of
aftershocks of the 2003 Northern Miyagi earthquake. We assumed that the activity of only the Sue fault
among faults in this region formed the structure of fault-related fold in the source area, and then used
geological structural modeling software ‘3DMove’ by 3-dimensional balancing techniques for
construction of the fault model. It is necessary firstly to define geometries of initial and folded structure
of one horizon, and fault geometry at leading tip connecting the margins of the initial and folded
horizons. In this modeling of the horizons, we adopted structural and stratigraphical data of the middle
to late Miocene Mitsuya Formation, the Pliocene Kameoka Formation, the Tatsunokuchi Formation, the
Omotezawa Formation, and the Tawaraniwa Formation. We assumed the following three main things for
obtaining the 3-dimensional fault model: a nearly flat geometry of the initial horizon, 13 km in depth of
the bottom limit of the fault, and inclined antithetic shear plane with a dip of 85 degrees for hanging wall
above a single reverse fault. The geometry of the fault model was found to almost correspond to that of
the hypocenter distribution of aftershocks of the earthquake. This result shows that 3-dimensional
structure of a source fault is possibly revealed by modeling the fault-related folds.
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Fig. 1. (a) Epicenter distribution of foreshocks, main shock, and aftershocks of the 2003 Northern Miyagi Earthquake
(modified after Okada et al., 2003). (b) Geological map in and around the source area modified after Takizawa et al.
(1992). A black pentagonal frame in the center of the map shows the location of the horizon illustrated in Fig. 4.
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Fig 2. Hypocenter distribution of aftershocks of the 2003 Northern Miyagi Earthquake from Okada et al.
(2003). Events for the period from 17:00, July 26 (JST) to 8:00, August 18 (JST) are shown. Colors of
symbols show depths of the hypocenters. Sizes of symbols are proportional to their magnitudes. (a)
Epicenter distribution. Thin broken lines show the counters of focal depths of the aftershocks at an
interval of 1 km. (b) N-S vertical cross section. (c) E-W vertical cross section. Boxes labeled by ‘A’ and
‘I’ on the top show the locations of the Asahiyama flexure and the Ishinomaki-wan fault, respectively.

(d) NW-SE vertical cross section.
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Fig. 3. Main graphics window of ‘3DMove’ which is a geological structural modeling software by

3-dimensional balancing techniques. In the source area of the 2003 Northern Miyagi
Earthquake, geological maps, dip-and-strikes of beds, topographic surface, and seismic
reflection profiles are 3-dimensionally displayed. The vertical exaggeration is 5 times.

54X ERUIZEONEEIRmO 3 WL RE. @S - I 5 5 LT
B3, (@) mEAR. 7V REMRIEKT 1 km, TEHE 200 m. SHTER 0m
Zoed, (b)) VAV —T L —AFER

Fig 4. Topography of the basal horizon of the Tatsunokuchi Formation modeled in this

study. The vertical exaggeration is 5 times. (a) The horizon displayed as a face.
Intervals of grid lines are 1 km in horizontal distance and 200 m in vertical
distance. A blue line shows sea level. (b) The horizon displayed as wireframe.
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Fig. 5. (a) Elements necessary for geological structural modeling by 3-dimensiona balancing techniques. The
light beam direction is from the west to the east. A brown face shows the post-deformation horizon of
fault-related folds in the hanging wall, while a blue face shows the pre-deformation horizon in the
hanging wall. A yellow face illustrates the horizon in the foot wall which is not deformed. The red
faces show fault plane. Intervals of grid lines are 5 km in horizontal distance and 2 km in vertical
distance. (b) (c) (d) (e) 3-dimensional structure of the fault plane shown from various directions. All
of the light beam directions are from the east to the west. Intervals of grid lines are 5 km in horizontal
distance and 2 km in vertical distance.
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Fig. 6. (a) The location of the calculated fault plane calculated in the geological map. We calculated only this
area because of the limited range of obtained geological and geophysical data. (b) (c) (d) Comparison of

the calculated fault plane and the seismic reflection profile by Kato ef al. (2004) in the 3-dimensional
display. The panel b is an aerial view, while the panels ¢ and d are views from subsurface. Intervals of
grid lines are 5 km in horizontal distance and 2 km in vertical distance. (¢) Seismic reflection profile
across both of the Asahiyama Hills and the Sue Hills (Kato ef al., 2004).

76



2003 AR E SR AR R IR O 3 OoT B 18 2 B D W T ARTEWTIE £ 7 /L O RS

38 36' T e&
‘ Km
————
02 4
'y
- i
38 30
r'y
38 24'
L'_- *
+ _+-m+ l~.++.’+ +
Y % Ishinomakiwan-
9 -
ault
3818 _:;
141 00' 141 06' 141 12' 141 18' 141 24'

7. WO IR & RO LT O (Okada et al., 2007 \ZJN4E) . Wi B-B’,
C-C’, D-D* |35 8 2R

Fig. 7. Distribution of aftershocks and the location of vertical cross sections (modified after
Okada et al., 2007). Broken lines B-B’, C-C’, and D-D’ denote the location of vertical
cross sections in Fig. 8. Green dots show the distribution of epicenters of aftershocks.
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Fig. 8. The fault plane geometry revealed in this study, distributions of aftershocks, and seismic velocity
structures (modified after Okada et al., 2007). Black bold lines denote the fault plane. Boxes on the top
indicate the inferred location of the Sue fault (Kato ef al., 2004). (a) Vertical cross sections of the
P-wave velocity structure along lines B-B’, C-C’, and D-D’. (b) Vertical cross sections of the S-wave
velocity structure along lines B-B’, C-C’°, D-D’.
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