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Construction of balanced cross-section in the source area of the 2004
Mid-Niigata Prefecture Earthquake
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Abstract: We constructed fault models on sections in the source area of the 2004 Mid-Niigata Prefecture
Earthquake using structural and stratigraphic data of the Higashiyama and Uonuma hills. The key
concept for the fault construction is the fault-related fold, which defines the relationship between fault
and fold geometries. Basic concept of the fault related fold and methods for fault construction were
explained briefly, and then more practical fault construction procedures were described using
commercial software. For construction of a subsurface fault it is necessary to define geometries of initial
and folded profiles of one horizon, and fault geometry at its leading edge connecting the edge of the
folded and initial horizons. The commercial software is able to construct a topographic profile from
digital mesh data of altitude and show dip angle on the sections from the digitized dip and strike data.
The profile of a folded horizon was drawn taking into account of dips of all the beds and position of a
key bed exposed on the cross section. Assuming a nearly flat geometry of the original layer, 15 km deep
of the bottom end of the fault, and inclined shear for hanging wall deformation style, the software
quickly shows a fault model. The modeled fault profile nearly agrees with the distribution of aftershocks
of the 2004 earthquake, supporting that fault construction based on geologic structure is useful to infer
source faults of future earthquakes.
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Fig. 1. Structural map around the source area of the 2004 Mid-Niigata Prefecture earthquake. The purple
quadrangles shows the are of geological maps, Nagaoka, Ojiya and Muikamachi from North to South.
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Fig. 2. Schematic sections showing the concept of the fault related fold. A fault initiates along the broken line in figure a. If
the hanging wall was rigid, voids form along the fault. The upper crust does not have such strength to keep the
voids, hence the hanging wall is deformed to fill the voids. Figures ¢ and d indicate the hanging walls deformed by
layer-parallel shear and inclined shear, respectively. The difference of deformation style of hanging wall causes the
change of the angles of axial surfaces, but basic relations between the fault bends and axial surfaces are the same.
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Fig. 3. Cartoon showing how to construct fault model. a: relationship among fault depth,
fault slip and uplift, b: fault construction assuming layer-parallel shear, c: fault
construction assuming inclined shear.
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Fig. 8. Fault model constructed from Fig. 7 assuming inclined shear at angle 85°. The red lines indicate shear surfaces
dipping at 85° to the east. The fold of the hanging wall has grown only by slips along the shear surfaces caused by
the slip along the fault.
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