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Abstract : It has been suggested that the gravity low over the Matsumoto Basin is
associated with a reverse fault where the northeast side has been thrust upwards
by nearly 4 km or more. Gravity models presented in this study suggest that the
low in the Bouguer gravity observed across this basin is produced by a
graben-like low density distribution and that the boundaries or flanks of this low
density area both dip to the southwest, rather than to the northeast. Inverse
models derived from residual Bouguer gravity data also suggest that this low
density region extends from the near-surface to depths of 4kilometers or
more. The models although non-unique are consistent with nearby seismic
refraction data, which also reveal the presence of a laterally restricted low
velocity (and therefore low density) region beneath the basin.

This graben-like low density region is interpreted to reflect the presence of a
restricted basin and possible deeper fault zone, which is bordered by the
Itoigawa-Shizuoka Tectonic Line to the southwest, and the Matsumoto Bonchi
Toen Fault to the northeast. The interpreted southwesterly dip of this low
density region suggests a reverse sense of motion for the relative uplift of the
Hida Mountains by more than 1kilometer with respect to the bordering Fossa

Magna region.

Introduction

The Matsumoto Basin is situated at the
western marginal area of the Fossa Magna
(Figure 1). The Fossa Magna is a mega-scale
half-graben-like depression that developed dur-
ing Neogene time in the area separating north-
eastern and southwestern Japan. The basin
itself is divided internally into several smaller
graben-like structures. The western margin is
composed of several north-south trending
faults. The extent of these faults are in many
cases obscured by fan deposits resulting from
relative uplift of the northern Japan Alps
(Hida Mountains) by more than 1 kilometer
during the Quaternary. The eastern margin of
the basin is an active fault named the “Matsu-
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moto Bonchi Toen Fault” (hereinafter referred
to as the “MBTF”) (Hirabayashi, 1971). This
fault plane is nearly vertical and the eastern
side of the fault is up. The Itoigawa-Shizuoka
Tectonic Line (hereinafter referred to as the
“ISTL”) is a large-scale fault crossing the
main part of Japan. It is regarded as the
western boundary of the Fossa Magna in a
broad sense. The ISTL passes through the
central portion of the Matsumoto Basin along
its length, is covered by thick alluvial fan
deposits, and is not observed at the surface in
this area. Based on a refraction seismic pro-
file across the basin (Yamada, 1969), the ISTL
“does not appear to affect Pleistocene and young-
er formations. This implies that the ISTL has
_been inactive since the early Pleistocene, and
during the development of the Matsumoto
Basin.
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Figure 1 Index map showing study area
around the Matsumoto Basin. A-
A’ : Wilson and Kato (1991, this
study), B-B’ : Ikami et al. (1986),
C-C’ : Yamada (1968), D: Okubo
et al. (1990), E: Hagiwara et al. -
(1986) . :

It has been argued (Hagiwara et al., 1986 ;
Okubo et al., 1990) ‘that the steep drop off of
the Bouguer anomaly over the Matsumoto
Basin implies that the sense of motion along
the Matsumoto Bonchi Toen Fault is reversed.
Their interpretation therefore suggests .that
this low density region .dips to the northeast
several kilometers beneath the surface. On the

other hand, many authors (for example,
Nakamura, 1983 ; Kobayashi, 1983) have sug-
gested that the ISTL is a plate boundary along
which northeastern Japan is subducting beneath
southwestern Japan. In this case, one would
expect the low density region to dip to the
southwest beneath southwestern Japan. The
purpose of this paper is to test these hypothesis
by presenting gravity models to illustrate the
effects on the gravitational field produced by
different configurations of subsurface density
contrast beneath the area.

A refraction seismic profile across the

"Matsumoto Basin presented by lkami et al.

(1986) reveals the presence of a low velocity
region beneath the Matsumoto Basin (Figures 1
and 2). Velocity/density relationships (Ludw-
ig et al. 1970) suggest that the density contrast
associated with this low velocity region is
approximately —0.35 g/qc. We derived sim-
plified density models for a profile across the
basin (Figures 1, 3 and 4) using data from
Kono and Furuse (1989) and Komazawa et al.
(in prep.). These inverse models were derived
from the residual Bouguer anomaly using an
iterative procedure (Inman, 1985) to minimize
the difference between the calculated and
observed gravity. Only the very long wave-
length features (wavelengths greater than 150
km) were removed to obtain these residuals.

The models derived from both gravity data
sets (Figures 3 and 4) suggest that the anomaly
is produced by a graben-like low density
feature, and that the southwest and northeast
walls of this graben dip to the southwest. This
southwest dip is opposite to that suggested by
Ikami et al. (1986) based on their seismic re-
fraction data. However, the margins of this
low density region are noted as uncertain in
their interpretation. The interpretation of
refractor dip in this area is complicated be-
cause the refraction profile crosses the basin at
a high angle.

We note also that the modeled gravity
profile and the seismic refraction line do not
coincide (Figure 1). The orientation of the
gravity profile coincides with that discussed by
Okubo et al. (1990) and is oriented normal to
the trend of the Bouguer anomaly in that area.
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Figure 2 The velocity model presented in this figure is from Ikami et al. (1986).

After Tkami et al. (1986)

geological interpretation of these intervals is taken from Kato (in prep.).

The gravity and refraction profiles cross about
10 kilometers to the east of the Matsumoto
Basin. Greatest similarity between the gra-
vity models and the seismic refraction model
occurs in the vicinity of the Matsumoto Basin
where the two data sets nearly coincide.
Disagreement between the refraction model and
the gravity models away from the Matsumoto
area to the southwest is expected as the two
data sets diverge from each other.

The outcrop pattern of the latest Pleistocene
Matsumoto Bonchi Toen Fault (Kato and Sato,
1983) indicates that, in the near-surface, this
fault is almost vertical. However, the infe-
rence that the deeper (Pliocene to early-Middle
Pleistocene) extension of this fault was also
reversed, or northeast dipping, is not consistent
with the historical development of the area as
inferred from surface mapping. Hence, since
the main arguments favoring fault reversal
along the Matsumoto Bonchi Toen Fault are
based on the gravity data (Hagiwara et al.,
1986 ; Okubo et al., 1990), we present addition-
al arguments suggesting that such inferences
are in fact incorrect for the Matsumoto Basin
area.

Gravity Model Studies

Hagiwara et al. (1986) suggest that the
steepness of the gravity anomaly across the
Matsumoto Bonchi Toen Fault implies that
offset along this fault is reverse. Their argu-
ment is based on a fault step model (Figure 5).
They note that fault reversal produces the
steepest gravity gradient. However, the re-
fraction derived model presented by Ikami et
al. (1986) and the gravity models presented in
Figures 3 and 4 are consistent in suggesting
that the low velocity or low density feature is
limited to the region beneath the Matsumoto
Basin, and extends to depths of 3 or more
kilometers beneath the surface. Relatively
high velocity or high density intervals bound
this low density region to the southwest and
northeast, so that this feature has the structu-
ral characteristics of a graben, rather than an
isolated fault step.

Hence, we use model studies to evaluate
whether the dip of the graben walls, or other
characteristics of the graben’s configuration
will have a greater influence on steepening of
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Figure 3 The model shown here (bottom) was derived from the residual Bouguer gravity
data at the top. The residual was derived from the data presented in Kono

et al. (1990) using a filter separation technique.

Wavelengths greater than 150

kilometers have been retained. The RMS error between the residual and

calculated gravity is 0.2 milligals.
1:1.

the gravity anomaly associated with it. Spe-
cifically, we examine the effect of variable
graben depth, graben width, and the dip of the
graben flanks.

Graben Depth

The effects of variations in graben depth on
anomaly shape is illustrated in Figure 6. In
these models, depth to the floor of the graben

The model plotted at a scale of 10:1 and

beneath the surface is increased from 2.5 to 5.5
kilometers in one kilometer increments. The
top of the graben is 0.5 kilometers beneath the
surface. Maximum horizontal gradients (dg/
dx) and maximum relative anomaly (maximum
minus the minimum or base line value) are
tabulated in the figure. _
Steepest horizontal gradients occur directly
over the margins of the graben located at 28 or
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42 kilometers along the surface. Doubling the
depth of the graben (2.5 to 4.5 kilometers
beneath the surface) produces an 80% increase
in the amplitude of the anomaly and a 52%
increase in the horizontal gradient over the
edges of the graben.

Graben Width

The effects of varying the width of the
graben are illustrated in Figure 7. The width
of the graben is varied from 6 kilometers to
18 kilometers in 4 kilometer increments. Gra-
ben depth is held constant at 3.5 kilometers
(4 km subsurface). Maximum horizontal gra-

0.6 milligals. The model plotted at a scale

dient over the edges of the graben and max-
imum relative amplitude are tabulated in the
figure for each case.

A 12% increase in the vertical gradient
occurs with an increase in graben width from 6
to 10 kilometers, while the amplitude of the
anomaly increases by 21%. Successive increases
in graben width by 4 kilometer increments
produce increases in the horizontal gradient of
1% or less. Successive increases in the gra-
dient appear constant because of round-off.
As expected, the half-width of the anomaly
corresponds closely to the width of the graben,
and becomes nearly exact as the graben width

35 —
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increases.

Moving the left side of the graben out to
minus infinity, yields a simple vertical fault
model (down to the left). Calculations for
this model are also shown for reference in

GRAVITY STATION
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Figure 5 This figure from Hagiwara et al.
(1986) illustrates the gravity anom-

aly associated with an isolated

Figure 7. The vertical gradient for this case is
only 1.8% higher than that for the graben with
an 18 kilometer width.

Varying the Inclination of a Graben Wall

The effect on the horizontal gradient
produced by normal, reverse of vertical offsets
across an isolated fault are clearly demonstrat-
ed in Figure 5 (from Hagiwara et al., 1986).
Whether a similar effect is produced for
varying inclinations of one wall of a graben is
illustrated in Figure 8.

fault. Results are shown for nor- In Figure8 we take a graben with 14 kilo-
mal, vertical and reverse fault meter width and 4.5 kilometer depth (5
orientations. . . . .
kilometers subsurface) and vary the inclination
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Figure 6 Gravity anomalies are calculated for a simple graben model. Calculations are
made to examine the effect of varying the depth to the floor of the graben. A
strike-length of 50 km was used in the calculations. The model is presented at
a 10:1 scale.
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Figure 7 The effect of varying the width of a simple graben is presented for several
different graben widths. The isolated fault case is also shown as a limiting
case of infinite graben width. The model is presented at a scale of 10:1. The
strike-length of the graben is 50 kilometers.

of the right wall of the graben from steeply
left-dipping through vertical, to steeply right-
dipping orientations. The calculations for
each case are plotted in the figure, and the
maximum vertical gradient of the calculated
anomaly over the right flank is tabulated for
each case. .

The 72 degree maximum dip is simply the dip
obtained when the base of the right side of the
graben meets the base of the left side for a
graben of this width and depth. The inter-
mediate value of 52 degrees is chosen to approx-
imate the dip shown on the subsurface inter-
pretation of refraction data presented by Ikami
et al. (1986) (figure 2).

The results reveal that the horizontal
gradient is greatest when the sides of the
graben have a vertical orientation. In this
particular example vertical orientation of the
graben walls produce a horizontal gradient of
7.13 mgals/km. Inclination to the right or
left decreases the horizontal gradient by
approximately the same amount. Hence, the
horizontal gradient for the left-dipping graben
wall inclined at 72 degrees is 3.78 mgals/km
and that for the right-dipping inclination of 72
degrees, is almost the same or 3.88 mgals/km.
The x-location of the point of steepest gradient
also shifts from left to right with left-to-right
dipping inclinations of the graben wall. This
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left wall remains vertical.

point does not lie above the upper right edge of
the graben except for the case of vertical
orientation.

In addition, the anomaly over the right edge
of the graben rises up to baseline values much
more gradually as the orientation changes
from left to right dipping. To illustrate this
we look at the horizontal separation between
the location of the anomaly peak and a point
where the anomaly reaches —10 milligals be-
yond the right edge of the graben. This
distance increases from 12.5km for the 72
degrees left-dipping case, to 27 km for the
72 degrees right-dipping case.

Discussion

In the forgoing analysis we have used sim-

The sense of offset along one flank of the model graben is calculated for
normal, reverse, and vertical orientations of the right wall of the graben.
The graben strike-length is 50 kilometers.

The

plified two-layer models. These models (Fig-
ures 3 and 4) are roughly consistent with the
deeper velocity structure beneath the area sug-
gested by lkami et al. (1986). Such a simpl-
ification might be made under the assumption
that the replacement density has successfully
removed above-sea level contributions to the
anomaly. The variability between the inverse
models (Figures 3 and 4) illustrates the limita-
tion of this assumption, since the differences
between these two models arise entirely as the
result of differences in the replacement density
(see Wilson et al., in prep.). Both inverse
models consistently suggest that this low
density region dips to the southeast.

The forward models (Figures 6-8) presented
for a simple graben reveal that varying the
inclination of a graben wall from the vertical
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in either direction will decrease rather than
increase the horizontal gravity gradient across
the graben edge. The largest increases in hori-
zontal gradient are produced by increases in the
graben depth. For the specific model discussed
above (Figure 6), doubling graben depth
produces a 52% increase in the horizontal gra-
dient, whereas doubling graben width (Fig-
ure 7) produces only a 12.5% increase.

The results also indicate that variations of
dip within 50 degrees of vertical (Figure 8), in
fact, produce very little change in the horizon-
tal gravity gradient. For instance, orienta-
tion of the flank into a right dip of 51 degrees
produces only a 1/2 percent change in the
horizontal gradient from that associated with
the vertical orientation. The main effect of
changing flank dip is to shift the point of
steepest gradient in the dip direction. The
most distinguishing characteristic associated
with variable dip of the graben wall is that the
roll-off on the high side of the graben edge
occurs more gradually as the graben wall is
shifted from left-dipping to right-dipping
orientations. The roll over is most gradual
for the steep right dipping, or “reverse fault”
case. This is expected because in the limit
that the inclination of the wall becomes hori-
zontal, the wall effectively disappears, and the
model becomes equivalent to an isolated
vertical fault step such as that shown in
Figure 5.

Based on the forgoing analysis (Figures 5-7),
the configuration of the low density region
inferred by inverse modeling (Figures 3 and 4)
is not surprising. The southwest inclination
of its northeastern margin may arise because
of the relatively short distance over which the
anomaly rolls over into the low, rather than to
the steepness of the anomaly. The southwest
inclination of the southwest boundary of the
low density region increases the volume of low
density intervals to the southwest and there-
fore decreases the rate at which the anomaly
returns to higher' values in the interval 10 to 20
km to the southwest.

We interpret the southwestern edge of the
graben-like density feature shown in Figures 3
and 4 as coinciding approximately with the

Itoigawa-Shizuoka Tectonic line. Surface geo-
logic mapping of the area reveals that the Hida
Mountains southwest of the ISTL have been
uplifted by approximately 1 km with respect to
formations in the Fossa Magna region north-
east of ISTL. Hence, the southwest dip of this
low-density zone, as derived from the gravity
models, is consistent with the relative reverse
sense of motion inferred from geologic map-
ping (Kato, in prep.). The Himekawa Fault,
one of the parallel subsidiary faults of the
ISTL to the north of Lake Aoki, is also a
reverse fault. That is, the western side of this
fault was thrust over the eastern side in
Pliocene time. The Himekawa Fault is believ-
ed to be the equivalent of the ISTL in this area
(Saito, 1978).

The border region separating the Fossa
Magna and the Hida Mountains in this area is
complex and consists of several faults some of
which are currently active. We suggest that
the low density region inferred from the
gravity models (Figures3 and 4) and from
refraction data of Tkami et al. (1986) is a deep
basin, which developed within a wide zone of
intermittently active faults, some of which are
mapped at the surface in the Matsumoto Basin
and surrounding areas. Gravity and seismic
refraction data are consistent in suggesting
that this zone extends to depths of 3 or more
kilometers beneath the surface.

The southwest dip of the low density region
inferred from the gravity models suggests a
reverse sense of offset for the bordering Hida
Mountains area with respect to the Fossa
Magna. This interpretation does not preclude
the presence of local northeast dipping reverse
faults within the basin, such as those currently
observed along the Matsumoto Bonchi Toen
Fault. Although the inverse models presented
here are non-unique, they are constrained by
seismic refraction data. The interpretations
of these models, appear most consistent with
the geologic history of the area as inferred
from surface mapping and seismic refraction
data. This interpretation is also in harmony
with the hypothesis that northeastern Japan
has undergone partial subduction beneath south-
western Japan, although the ISTL, itself, may
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not be the precise boundary between north-
eastern Japan and southwestern Japan during
the Quaternary (Kato, in prep.).
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