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Discrimination of fault planes from auxiliary planes based
on simultaneous determination of stress tensor and a large
number of fault plane solutions
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Abstract. It is well known that there is a large difference in focal mechanism solutions of events
even if they occur within a certain small area. Considering earthquake-generating stress to be uni-
form in a studied area, we developed a new method for simultaneously determining the stress tensor
and the orientation of fault planes for many events by the use of polarity data of P waves. First, the
number of inconsistent stations is calculated for various values of three parameters in the focal
mechanism solution, with intervals of 10°, This calculation is made for all the events used. Then,
four parameters defining the stress tensor are determined by a grid search using the data calculated
above with the assumption that the slip direction in the fault plane should be parallel to the direction
where the shear stress on the plane becomes maximum. A numerical test is made by applying the
present method to an artificial data set composed of 25 events with 25 X 25 readings. It is found that
a stable solution of the stress tensor is determined by the inversion and about 60% of fault planes are
distinguished from auxiliary planes. There are no events whose auxiliary planes are incorrectly deter-
mined as fault planes. This method is used to estimate the earthquake-generating stress in the
aftershock area of the 1984 western Nagano prefecture earthquake, central Japan. The results obtained

show that the maximum principal stress is horizontal in the direction of N80°W-S80°E. There are
strike-slip events having fault planes almost perpendicular to the fault plane of the main shock.

Introduction

Focal mechanism solutions of many earthquakes have been
studied for a long time by many authors [e.g., Honda et al.,
1956; Stauder, 1964;Wickens and Hodgson, 1967; Isacks and
Molnar, 1971]. Recently focal mechanism solutions for small
events have been determined by using a large number of po-
larity data of initial motions of P waves obtained by dense
seismic networks [e.g., Ishida, 1992;Yamazaki et al., 1992;
Castillo and Ellsworth, 1993]. These results show that many
events with different orientations of focal mechanism
solutions occur even in a small area with dimensions of a few
kilometers.

Most of the events occurring in the San Andreas fault zone
are strike-slip and one of the nodal planes is almost parallel to
the San Andreas fault [Jones, 1988]. On the contrary, measure-
ments of orientations of in situ stress made in the area near the
San Andreas fault show that the direction of the maximum
principal stress is almost perpendicular to the strike of the San
Andreas fault [Mount and Suppe, 1987; Zoback et al., 1987;
Shamir et al., 1988; Zoback and Healy, 1992]. There is a large
difference in the orientation of the principal stress estimated
from focal mechanisms of individual events and that by the in
situ stress measurements.

Gephart and Forsyth [1984] considered that earthquakes occur
along weak planes whose orientations are distributed random-
ly, and they developed a novel method to determine the stress

Copyright 1995 by the American Geophysical Union.

Paper number 94JB03284.
0148-0227/95/9418-03284$05 .00

tensor by assuming (1) the earthquake generating stress is
uniform in a study area and (2) the slip direction of the fault is
parallel to a direction where the shear stress becomes
maximum. They developed a method to determine four para-
meters of the stress tensor by the use of a large number of focal
mechanism solutions of events distributed in the study area.
Their method is very effective in determining the state of
stress, and it was applied to estimate the stress fields in Kaoiki,
Hawaii [Wyss et al., 1992], in the area near Baikal rift [Doser,
1991], and in the sinking Pacific plate [Magee and Zoback,
1993].

The second assumption above seems to be appropriate so
long as fault motion is generated along a flat plane. There are
two nodal planes in a focal mechanism solution. If a precise
stress model is known, slip directions corresponding to both
of the nodal planes can be predicted. Therefore it is possible to
compare them to observed slip directions of the focal mecha-
nism solution. In the case where there is a large discrepancy
between the predicted and observed slip directions for one of
the nodal planes, the plane with the large discrepancy is not
likely to be the fault plane. Urbancic et al [1993] estimated
orientations of fault planes by applying Gephart and Forsyth
method to focal mechanism solutions of microseismic events
which were determined by using polarity data observed at 64
and 32 stations at two mines.

However, in general, there is a large estimation error in
individual focal mechanism solutions, especially in solutions
determined by the use of a small number of P wave polarity
observations. The large amount of estimation error makes it
difficult to distinguish the fault plane from the auxiliary plane.
Actually, most of the authors who use Gephart and Forsyth's
method do not determine orientations of the fault planes. It is
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Figure 1. Schematic illustration showing observed slip

directions and directions of the maximum shear stress in the
two sheets of the nodal planes. Since the two directions of the
maximum shear stress are not always perpendicular to each
other, there is a difference in 8, and &, which are angles
between the slip direction in the focal mechanism solution and
the direction of maximum shear stress for the fault plane and
between the slip direction and that for the auxiliary plane.

not easy to determine a precise estimation error of each
solution from the calculated parameters of focal mechanism
solutions. This makes it difficult to estimate whether dis-
crepancies between calculated and observed slip directions are
smaller than or larger than observation errors. Therefore it is
rather difficult to say that the fault plane is definitely distin-
guished from the auxiliary plane. However, if original data of P
wave polarity readings are used, it is possible to estimate
whether these discrepancies are smaller or larger than the
observation error.

In the present study, considering the existence of a large
estimation error in the individual focal mechanism solutions,
we developed a new method to determine simultaneously the
stress tensor and the orientations of fault planes. This method
was applied to determination of the stress tensor in the western
part of Nagano Prefecture, central Japan where a destructive
earthquake of M6.8 occurred in 1984.

Theory

The stress field is assumed to be uniform in a study area, and
earthquake faults occur along weak planes which are distributed
randomly. A double-couple focal mechanism solution has two
sheets of nodal planes. If one of the nodal planes is assumed
to be the fault plane, the slip direction of the faulting is
determined from observed polarity data (Figurel). Similar to
Gephart and Forsyth [1984], we also assume that the slip
direction of the faulting is parallel to a direction where the
shear stress becomes maximum. The goal of the present work is
to determine simultaneously parameters of the stress tensor and
the orientation of fault planes for many events by the use of P
wave polarity data.

There are six (6) independent components in the stress
tensor. We put values of the principal stress to be 6i, 03, and
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03, where 01>0,>03. The hydrostatic term is neglected by
putting

01+02+03 =, 6h)

Since P wave polarity data are used, absolute values of stress

tensor are not determined. The ratio among values of the
principal stress is given as

R=(01-02)(01-03). )]

It should be noted that values of i, 03, and 03 are expressed

by the use of R and a constant defining absolute values.

Let us make X, Y;, and Z, three unit vectors defining geo-

graphical coordinates and P, B, and T the maximum (oy) the
intermediate (o), and the minimum (o3) principal stresses,
respectively. By letting 6p and ¢p be the inclination and
azimuth for the vector P, as shown in Figure 2, P is given as

P =X, cos@p sinfp +Y, singp sinfp + Z, cos6, . 3

The two vectors B and T are expressed by a function of
rotation angle @p about P,

B =Bg coswp + Ty sinwp , @
T =-By sinwp + To coswp , (5)

where By and Ty are

Bo = PZ, | |PZJ, (6)

To=PRo . )

[P (a,)

Y.

Toe' T (0,)

Figure 2. A Cartesian coordinate system showing the
coordinates of geography (X, Y,, Z;) and that of the principal
stresses (P,B,T ). The vector By is taken to a direction
perpendicular to P and also Z; The directions of B and T are
obtained by a rotation of Bg and Ty about P an amount of @p.
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We assign X; as a vector perpendicular to the fault plane for
ith event. We call the direction of X; the pole of the fault. By
using angles of inclination 6; and azimuth 6; of the vector X;
measured in the (P, B, T) coordinate, X; is given as

Xi = P cos¢; sin@; + B sing; sin8; + T cos6; . 8)

A vector Yo, which is perpendicular to T and also to X, is
defined as

Yo=XT/|XT]. )
By putting
Zo=XiYo, (10)

the vectors Y; and Z; can be expressed by

Yi=Yocoswi + Zo sin®; (11)

Z; = -Yp sinw; + Zo cos@; (12)
where @ is an angle between ¥ and Yo. The direction of ¥ is
perpendicular to the auxiliary plane.

Because -X; and -Y; are also perpendicular to the fault plane

and to the auxiliary plane, respectively, it is necessary to make

clear the signs of X; and Y;. We define vectors X;and Y; as

Xi=Pn+Tm) N2, (13)

Yi= (-Pu+Tm) N2, (14)

where Pr, and Ty, are unit vectors for the pressure and tension
axes in the focal mechanism, respectively.

The shear stress in the fault plane is expressed as

Ty = C1 COS®); + C2 SiN@; = (cf+c§)”2sin(a),- +mwo), (15)

where ¢y, ¢2, and @y are

¢1 = cos®; cos; sing; cosg; (61 +02) , (16)
¢, = sin®, sin6; cos 6, [0'1 cos?g, - o, sin’¢; - 0'3) » (A7)
o = tan" (c1/c2). (18)

Gephart and Forsyth's assumption is that the slip direction
should be parallel to a direction where shear stress becomes
maximum, Equation (15) becomes maximum when @, +@, =%/2,
and becomes minimum when @; +@y = -z /2. Since the signs for
X;and Y; are taken in order that they satisfy equations (13) and
(14), the shear stress becomes minimum in the slip direction.
Therefore we have the equation

w=a -n/2, (19)

Putting (19) into (11) yields the slip direction in the case
that the pole of the fault is expressed in (8).
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The theoretical amplitude of the P wave is given as

Sii=C (Aij Xi)(Ay YD) (20)
where C and A;; are a constant and a unit vector showing the
direction of jth station for ith event, respectively. The number
of inconsistent stations is calculated by comparing polarity of
theoretical amplitudes to that of observations. Equation (20) is
a function of the four parameters of the stress tensor, R, 65, ¢p,
and @p, and the two parameters for the pole of the fault plane.
Therefore the total number of inconsistent stations is a
function of these parameters and can be expressed in the form

Nmt =ZZ Nlj (0}” ¢P’ a)P’ R9 ¢p epAij’ Pq) ’ (21)
i

where P;;and N;, are a reading of a P wave polarity and a value
of the inconsistency, which becomes 0 when the polarity of
the theoretical amplitude agrees with that of the observation
and becomes 1 when it does not.

Since polarity data are used that are compressional or
dilatational showing only the sense of initial motion of P
waves, the best fit solution is determined under a criterion that
the total number of stations having inconsistent observations
becomes minimum. It is difficult to calculate derivatives of (21)
because they become infinite on the nodal planes. Therefore
the inversion is made numerically.

The total number of unknown parameters is 4 + 2N, where
N., is the number of events used in the analysis. Clearly the
number of inconsistent stations for an event is independent of
directions of fault planes for other events. Therefore it is not
necessary to make a grid search corresponding to all combi-
nations of unknown parameters. The best fit solution is
searched only by calculating (21) for all cases of the four
parameters of the stress tensor with intervals of a certain value.
The total number of the inconsistent stations can be written in
the form

Nt =Y M; (6p, §p, @, R), (22)

where M; is the minimum number of inconsistent stations for
the ith event in a case when values of the four parameters of the
stress tensor are Op, ¢p, Wp, and R. It takes a great deal of
computation time to make the grid search with intervals of a
certain value because it is necessary to determine M; for all
cases of four parameters. Thus first numbers of inconsistent
stations are calculated for all cases of ¢;, 8;, and @;, which are
three parameters defining the orientation of the focal mecha-
nism solution for ith event, with intervals of a certain degree.
This calculation is made for all events. All calculated values are
stored. Then M; in (22) is determined by the use of these data.
Since there are discontinuities in the seismic velocity
structure within the Earth, there are many cases where takeoff
angles for many stations are distributed in a very narrow angle
range. Therefore it is very important to make a grid search as
precise as possible. The calculation of numbers of inconsistent
stations is made by the use of the program developed by
Horiuchi et al. [1972]. This program has the advantage that the
amount of the computation time of the grid search about three
parameters is almost independent of one parameter a; which is
a rotation angle around X;. This is caused mainly by the fact
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Figure 3. Equal area projections on the lower focal hemisphere showing the distribution of polarity data used
in the numerical test.

that their method first calculates a value of rotation angles
around X; from each station to the initially assumed location of
the nodal plane, which is defined by Y, and Zo in (9) and (10).
These values are used to compute numbers of inconsistent
stations at all values of @; within a certain interval. Actually,
numbers of inconsistent stations are calculated with intervals
of 0.2° for @) and the minimum value in each interval range of
3° is stored.

The total number of data for numbers of inconsistent stations
is N, X Ny X Ny, where N; and Nw are numbers of grid points for
the pole of the fault plane and those for the rotation angle
around the pole, respectively. In the case of using 100 events,
intervals of 5° for X; and 3° for a, the total capacity of data be-
comes 100 x 685 x 30 x 2 = 4.11 Mbyte, which can be stored

on the memory of a work station having a moderate throughput
during the calculation of the inversion.

Gephart and Forsyth [1984] noticed that it is necessary to
choose one of the nodal planes to be the fault plane in the
stress inversion of their method. This choice is based on values
of differences between observed slip directions and theoretical
slip directions. Since the present method makes a grid search
by changing the pole of the fault plane to all directions, we do
not need to take into account this choice.

Numerical Testing

A numerical test is made by applying our method to an
artificial data set. We assume the stress field is uniform and
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Figure 4.Equal-area projections showing permissible ranges of orientations of the principal stresses determined
by the use of the artificial data set shown in Figure 3. Numerals near contour lines indicate the total number of
inconsistent stations. The bottom right shows the distribution of the total numbers of inconsistent stations

against variations of R.

generates earthquakes whose fault planes are oriented in random
directions. The slip direction corresponding to each fault is
assigned so that the shear stress defined in the fault plane
becomes minimum in the direction of the dislocation. Artificial
polarity data are obtained from values of the theoretical
amplitude calculated from the geometry of the fault plane and
that of the stations. The artificial data are composed of 25x25
polarity data from 25 events. Figure 3 shows distributions of
stations projected on the focal spheres. The artificial data are
generated by setting @p, Op, ¢p, and R to 30°, 30°, 30°, and
0.3°, respectively. Focal mechanism solutions for individual
events are calculated from the artificial data, and they are also
shown in Figure 3.

Although the amount of computation time is greatly
decreased by using data for numbers of inconsistent stations,

which are first calculated for all cases of only three parameters
of the focal mechanism solutions and stored, it still takes 2
days to obtain the best fit solution in a case of a grid search
with intervals of 5° using a work station with a moderate
throughput. Therefore the following calculations are made with
intervals of 10° except for the parametera; which is searched
with intervals of 0.2°.

Since it is very important to calculate permissible ranges in
the unknown parameters, we determined the distributions of
numbers of inconsistent stations by putting directions of
principal stresses to all directions with certain intervals and
by making a grid search against the other unknown parameters.
The distributions of the minimum number of inconsistent
stations for the maximum, the intermediate, the minimum
principal stresses and R are shown in Figure 4. The number of
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Figure 5. Equal-area projections showing the result of the numerical testing for discriminating fault planes
from auxiliary planes. Crosses and circles indicate the directions perpendicular to fault planes given in the
artificial model of numerical testing and those estimated in the inversion, respectively. Large and small circles
indicate directions where numbers of inconsistent stations are 0 and 1, respectively.

inconsistent stations is 0 at the given stress model of the
artificial data. The number of inconsistent stations is larger
than 10 in all areas except for a small area near the original
artificial model. Variations of the total number of inconsistent
stations against R are also shown in Figure 4. The number of
inconsistent stations is less than 10 in a range from 0.2 to 0.5
and less than 20 in a wide range from 0.05 to 0.6. This result
suggests the difficulty of determining a precise value of R.
Permissible ranges of the location of the poles of fault
planes are estimated by using the inverted model of the stress
tensor. Figure 5 indicates equal area projections showing the
location of the pole of the fault plane for each event. Large and

small circles denote directions where the numbers of in-
consistent stations are 0 and 1, respectively. Crosses indicate
the locations of poles used to calculate artificial data. The
number of inconsistent stations is O near the crosses. The
result for 16 cases, i.e., except for events 7, 10, 11, 15, 16,
18, 21, 22, and 24, shows that directions without inconsistent
stations are limited to a small area near the crosses. The other
nine results have a minimum at directions nearly perpendicular
to the crosses. Thus we can distinguish fault planes from auxil-
iary planes in 16 cases and cannot in nine cases. There are no
events whose auxiliary plane is incorrectly determined as the
fault plane.
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Figure 6. Map showing the locations of the observation stations set up by Group for the Seismological
Research in western Nagano prefecture [1989]. Large solid circles indicate telemetered stations. The double circle
indicates the observation center for the telemetered stations. The region enclosed by the dashed line indicates af-
tershock area obtained by the joint aftershock observation by Nagoya University and Tohoku University made
just after the occurrence of the 1984 western Nagano prefecture earthquake [Horiuchi et al., 1985]

Stress Field in the Western Part
of Nagano Prefecture

A destructive earthquake, the 1984 western Nagano prefecture
earthquake with M6.8 occurred in the central part of Japan on
September 14, 1984, It was a right-lateral fault with a strike of
N70°E and about 12 km length [Ooida et al., 1989]. Many
aftershocks were observed. The focal area of the main shock is
located at the southern base of an active volcano called Mount
Ontake, which erupted in 1976 [Aoki et al., 1980]. An active
earthquake swarm had been occurring around the focal area since
1976 [Ooida et al., 1989].

As shown in Figure 6, a dense temporary seismic network
was set up in the aftershock area in 1986 by the Group for the
Seismological Research in Western Nagano Prefecture [1989].
They set 57 stations including 27 telemetry stations in a small
area with about 20 km in the east-west and 12 km in the north-
south direction. Seismograms for about 1500 events occurring
inside and outside the network were obtained during 52 days of
observations from September to October, 1986, about 2 years
after the occurrence of the main shock. They employed a real-
time automatic system using personal computer developed by
Horiuchi et al. [1992a], which can detect, record, and locate
seismic events. Preliminary hypocenters of about 1200
aftershocks were located by the real-time system. Precise
hypocenters for 550 events inside and outside the network were
located by using the data from the 57 stations shown in Figure
7 [Horiuchi et al., 1992b). A large spatial variation in the

greatest depth of the aftershock area was found from the
aftershock distribution. Mizoue and Ishiketa [1988] and
Inamori et al. [1992] detected two sheets of midcrustal S wave
reflectors beneath the focal region of the main shock, one of
which is nearly parallel to the cutoff depth of aftershocks and
the upward extension of the other coincides with the western
end of the aftershock arca.

Polarity data of P waves are also measured. Since a very dense
seismic network was set up just above the aftershock area,
observation stations projected on the focal sphere cover a wide
area. Focal mechanism solutions for about 550 events
determined by Yamazaki et al. [1992] show that there are four
regions having different types of mechanisms. Their result also
suggests that events of strike-slip and reverse faulting are
distributed in a very narrow region in the aftershock area.

Relatively large events deeper than 4 km and enclosed by the
large rectangle in Figure 7 are used in the stress tensor
inversion developed in the present study. Only events having
more than 20 readings of polarity data are used. Moreover, we
do not use data for events having two or more inconsistent
stations in individual focal mechanism solutions. There are
167 total events and 4980 total polarity data. The total number
of inconsistent stations for all of the individual focal
mechanism solutions is 77.

The result of the stress tensor inversion is shown in Figure 8.
The orientation of the maximum stress is nearly horizontal and
N80°W. Directions having a small number of inconsistent
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Figure 7. Map showing hypocenter distribution of aftershocks determined by Horiuchi et al. [1992b]. Pluses
indicate observation stations. Polarity data for events that occurred in the large rectangle are used in the

inversion.

stations are limited to a narrow region which is elongated in
the horizontal plane. The orientation of the intermediate and
the minimum principal stresses are in the north and south
directions with plunge angles of 15° and 60°, respectively. The
contours for these principal stresses shown in Figure 8 indicate
that permissible areas for these directions are small. The
obtained value of R is 0.6. The number of inconsistent stations
in the best fit solution is 167 and is less than 180 for values of
R ranging from 0.3 to 0.8.

We estimated permissible ranges of the orientation of fault
planes for individual events by the use of the obtained
parameters of the stress tensor. The estimation is made by
calculating numbers of inconsistent stations for all values of
strike and dip angles of the fault plane with certain intervals.
Stereonet projections in Figures 9 and 10 show directions of
fault planes for events occurring in the shaded regions of the
central and south-western parts of the studied areas (Figure 8),
respectively. Fault planes having the minimum number of
inconsistent stations are plotted. We can see from Figures 9
and 10 that the orientations of fault planes for about 50% of
events are determined uniquely. Since the result for the other

50% has two nodal planes which are nearly perpendicular to
each other, the orientations of fault planes for these events
cannot be distinguished from auxiliary planes.

The main shock of the 1984 western Nagano prefecture
earthquake is a strike-slip fault with strike N80°E-S80°W. The
inverted fault planes for about onethird of events are strike-slip
faults similar to the main shock. There are strike-slip events
with fault planes nearly perpendicular to that of the main
shock. '

Discussion

We developed a new inversion technique which simul-
taneously determines the stress tensor and the orientations of
fault planes for many events by the use of polarity data. A
numerical approach for the grid search is taken to determine
solutions having the minimum number of inconsistent
stations. Gephart and Forsyth [1984] developed a stress tensor

inversion technique. The difference between the method by
Gephart and Forsyth [1984] and the present method is that the
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Figure 8. Equal-area projections showing permissible ranges of orientations of the maximum (oi), the in-
termediate (), and the minimum (03) principal stresses and the distribution of the number of inconsistent
stations against R (bottom right). These results are obtained by the use of polarity data from 167 events
occurring in the studied area enclosed by the large rectangular in Figure 7. Numerals near contour lines indicate
numbers of inconsistent stations. Total number of polarity data used in the analysis is 4980. The total number of
inconsistent stations in individual focal mechanism solutions for all events is 77.

present one uses original polarity data of P waves while their
method uses parameters of determined focal mechanism
solutions.

Gephart and Forsyth [1984] pointed out that it is possible to
distinguish fault planes from auxiliary planes by the use of the
stress tensor inversion. As shown in Figure 1, if a theoretical
slip direction for one of nodal planes is close to an observed
slip direction and is not close to the other nodal plane, the fault
plane may be easily distinguished from the two planes.
However, there is not always a large difference between the two
planes. In the case where 62 =0 and Z; in (12) is perpendicular

to both of P and T in (3) and (7), &, in Figure 1 equals 8,. In this
case, it is impossible to distinguish the fault plane irom the
auxiliary plane.

There is a large estimation error in the actual determination
of focal mechanism solutions. This error is caused mainly by
the small number of observation stations and the wrong
coverage of stations. In some cases, the estimation error of,
focal mechanism solutions is larger than the difference between
&1 and & in Figure 1. It seems difficult to distinguish fault
planes from auxiliary planes without the knowledge of the
precise estimation error. The method of Gephart and Forsyth



Figure 9. Equal-area projections showing the orientation of fault planes for events occurring in the source
region of the main shock shown in the shaded rectangle in Figure 7. Solutions having the minimum number of
inconsistent stations are plotted. Two numerals associated with each event are the event identification number
and the number of inconsistent polarities. The orientation of fault planes for about 60% of events is
distinguished from auxiliary planes.

Figure 10. Equal-area projections showing the orientation of fault planes for events occurring in the
southwestern part of the aftershock area (small shaded box in Figure 7). Solutions having minimum number of
inconsistent stations are plotted. The orientation of fault planes for about 50% of events is distinguished from
auxiliary planes.
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[1984] was applied by many authors [e.g., Doser, 1991; Gillard
et al., 1992; Magee and Zoback, 1993]. However, these authors
did not determine the orientation of fault planes.

The present method inverts polarity data by making a grid
search for all combinations of unknown parameters with a
certain interval. Therefore we can know a distribution showing
the number of inconsistent stations against directions of the
fault plane. In a case where a solution for the fault plane of an
event is unique, we can distinguish the fault plane from the
auxiliary plane. The advantage of the present method is that we
can estimate the uniqueness of the solution. A numerical
testing is made by applying the present method to an artificial
data set from 25 events with 25 x 25 polarity data. It was found
that fault planes for about 60% of the events are distinguished
from auxiliary planes. There are no events whose auxiliary
planes are determined as fault planes. This result suggests that
the present method is very effective in distinguishing fault
planes from auxiliary planes.

We determined the earthquake-generating stress by applying
the present method to porality data from aftershocks of the
1984 western Nagano prefecture earthquake. The obtained
direction of the maximum principal stress is horizontal and
N80°W-S80°E in the aftershock area. QOoida et al. [1989]
pointed out that the average direction of pressure axes for focal
mechanism solutions of individual aftershocks is nearly
horizontal and N63°W. The difference of angles between the
two directions is small in the aftershock area.

Zoback et al. [1987] pointed out the existence of a large
difference in the orientation of the principal stress obtained
from focal mechanisms and from in situ stress measurements
along San Andreas fault. Making the stress tensor inversion
with the use of focal mechanism solutions for events occurring
in the subduction zone of the Tohoku district, Japan, Magee
and Zoback [1993] showed that the minimum principal stress is
almost perpendicular to the subducting plate. The large
difference between the two directions suggests that there are
many weak planes in a region along San Andreas fault or the
subducting plate, which are nearly parallel to the fault or the
plate boundary. On the other hand, the 1984 western Nagano
prefecture earthquake occurred in an area near an active volcano,
where there are no fault traces found on the surface. The
consistency of the two directions, the direction of the average
pressure axis and that of the obtained maximum principal
stress, may suggest that there is no preferred orientations of
weakness in the focal region of the 1984 western Nagano
prefecture earthquake.

Conclusions

A new method of the stress tensor inversion was developed.
Polarity data for many events are inverted to determine stress
tensor and the orientation of fault planes. It was shown from
the application of the present method to artificial data that this
method is effective in distinguishing fault planes from auxil-
iary planes. The application of this method to actual polarity
data from aftershocks of the 1984 western Nagano prefecture
earthquake shows that the maximum principal stress in the area
is horizontal in the direction of N80°W-S80°E. There are many
events having strike-slip faulting, but fault planes of some
events are almost perpendicular to the fault plane of the main
shock.
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