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ABSTRACT

The most reliable of the globally available relative data have been used to derive empirical for-
mulas which relate the subsurface fault length, L, the fault area, S, and fault width, w, with the mo-
ment magnitude, M. Separate such formulas have been derived for earthquakes generated by
strike-slip faulting, by dip-slip faulting in continental regions and by dip-slip faulting in lithospheric
subduction regions. The formula which relates the fault area with the magnitude is combined with
the definition formulas of seismic moment and moment magnitude to derive also relations between
the fault slip, u, and the moment magnitude for each of the three seismotectonic regimes. For a cer-
tain magnitude, the fault length is larger for strike-slip faults than for dip-slip faults, while the fault
width is small for strike-slip faults, larger for dip-slip faults in continental regions and much larger for
dip-slip faults in regions of lithospheric subduction. For a certain magnitude, fault slip is about the
same for strike-slip faults and dip-slip faults in continental regions and smaller for dip-slip faults in
regions of lithospheric subduction.

1 INTRODUCTION

Relation between fault parameters (fault length, fault area, fault slip) and the magnitude of the
corresponding earthquake are of importance for practical purposes, because these relations can be
used to estimate the magnitude of an earthquake when such parameters are known (from geologi-
cal observations, space distribution of aftershocks, etc.). Such empirical relations are also of impor-
tance for theoretical reasons because they can be used to test the validity of models on the me-
chanics of seismic rupture. For this reason several such relations have been already proposed
(Utsu & Seki 1954, Tocher 1958, Kanamori & Anderson 1975, Bonilla et al. 1984, Wesnousky 1986,
Ambraseys 1988, Wells & Coppersmith 1994, Wang & Ou 1998, Smith & Stock 2000, Papazachos
& Papazachou 2003). There are, however, important differences between such published relations,
due mainly to uncertainties of the data used. A result of such uncertainties is the proposal of two
different models for scaling of fault slip in large earthquakes (Romanowicz 1994, Scholz 1994a,b).

One of the most important results of the up to now relative work is the publication of observa-
tions which concern the fault length, L, the fault area, S, (or the fault width, w), of a very large num-
ber of earthquakes (for about 500 earthquakes with moment magnitudes between 5.0 and 9.6).
This large set of available observations gives now the possibility to apply strict enough and consis-
tent criteria in order to obtain a sample of data which is of a satisfactory size (satisfactory number of
fault cases), homogeneous (fault parameters estimated by the same method, earthquake magni-
tudes in the same scale), accurate enough (accurate fault parameters, magnitudes) and, therefore,
proper for deriving reliable scaling relations. Thus, the goal of the present paper is to apply such cri-
teria, which are described in the next section, in order to derive relations between, L and M, S and
M, w and M for strike-slip faults, for dip-slip faults in continental regions and for dip-slip faults in re-
gions of lithospheric subduction. Relations between fault slip, u, and M are also derived for these
three categories of seismotectonic regimes but these relations are partly based on observations
and partly on the relations by which the seismic moment and moment magnitude are derived.
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2 DATA AND PROCEDURE FOLLOWED

Available information on fault parameters is mainly coming from field observations, from space
distribution of aftershocks and from modeling of faults by using seismic, geodetic and tsunami data.
Field observations, however, do not concern the parameters of the real (subsurface) fault but pa-
rameters of the surface expression of the fault (length and slip of the surface trace of the fault). Fur-
thermore, such field observations do not give much information on the width (or area) of the real
fault. Since we are interesting in relations between the parameters of the real (subsurface) faults
and the moment magnitude of the corresponding earthquake, data mainly coming from space dis-
tribution of aftershocks and some data coming from fault modeling are used in the present study.

Such data have been produced by many researchers all over the world and have been summa-
rized and published recently in certain scientific papers (Wells & Coppersmith 1994, Pegler & Das
1995, Stock & Smith 2000, Fujii & Matsu’ura 2000, Henry & Das 2001, Kagan 2002, Papazachos &
Papazachou 2003). The values of the fault length, L, and of the fault areas, S, which are sited in
these papers and for which reliable moment magnitudes, M, are available, are used in the present
work. Since there are no direct observations on the mean displacement, u, of the real fault, the rela-
tion between, u and M, has been derived by combining the derived relation between S and M, the
definition relation of the seismic moment,

Mo = pSu (1
(Aki 1966) and the definition relation of the moment magnitude
logMg=1.5M + 16.1 (2)

where My is in dyn.cm (Hanks & Kanamori 1979).
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Figure 1. Index map of the epicenters of earthquakes for which data are used in the present study. Rectangles,
circles and triangles show earthquakes with strike-slip faulting, dip-slip faulting in continental regions and dip-
slip faulting in regions of lithospheric subduction, respectively.
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Faults corresponding to strong earthquakes (M>5.8) are considered in the present paper be-
cause for such faults the observations (M, L, S) are more accurate and these faults are of more in-
terest from practical point of view. Such relative large faults can be considered as orthogonal and
the fault area, S, is the product of the fault length, L, which can take relatively large values, and the
width, w, which cannot take large values due to the relatively small thickness of the seismogenic
layer. The saturation value of w depends on the seismotectonic regime. This is expected to be:
small for strike-slip faults which break almost vertically the relatively thin horizontal seismogenic
crustal layer, large for dip-slip (normal or thrust) faults, which break obliquely this layer, and largest
for dip-slip faults in lithospheric subduction areas. For this reason we investigated separately each
one of these three categories of faults.

Based on the above mentioned criteria, we made a catalogue which gives information for 116
strike-slip faults, for 77 dip-slip faults in continental regions and for 72 dip-slip faults in subduction
regions. Figure 1 shows the epicenters of these 265 earthquakes, where three symbols are used
for the corresponding three categories of seismotectonic regimes.

All earthquake magnitudes used in this paper are reliably determined moment magnitudes, M,
based on instrumental data and their errors are within a rather narrow window (x+0.2). For this rea-
son the logarithms of the fault length, logL, and of the fault areas, logS, have been plotted against
the magnitudes and the least squares’ method has been applied on the five points’ moving average
to calculate the parameters of the relations.

3 RESULTS

Relations between the fault parameters (L, S, w, u) and the moment magnitude of the corre-
sponding magnitude have been derived by the procedure already described, separately for each of
the three kinds of seismotectonic regimes.

3.1 Strike-slip faults

For 100 of 116 strike-slip faults considered, the fault lengths L (in km), are known. The data are
fitted (Fig. 2a) by the relation:

LogL = 0.59M - 2.30, 0=0.14, 6.0<M<8.0 3)

where g is the standard deviation for the original data. For 54 of 72 strike-slip faults considered the
values of the fault areas, S (in kmz), are available and are fitted (Fig. 3a) by the relation:

LogS = 0.82M — 2.79, 0=0.19, 6.0<M<8.0 @)

If we assume that faults are orthogonal, from relations (3,4) we receive the following relation be-
tween the fault width, w (in km), and the moment magnitude:

Logw = 0.23M - 0.49 6.0<M<8.0 5)
From relations (1,2,4) we receive the following formula for the mean displacement, u (in cm), at the

fault:
Logu = 0.68M — 2.59 6.0<M<8.0 (6)

3.2 Dip-slip continental faults

There are available fault length values for 69 dip-slip (thrust or normal) faults in continental ar-
eas. The lengths, L (in km), of these faults and the corresponding magnitudes are fitted (Fig. 2b) by
the relation:

LogL = 0.50M — 1.86, 0=0.13, 6.0sM<7.5 @)
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Figure 2. Variation of the logarithm of the observed fault length, L (in km), as a function of the moment magni-
tude, M, for: a) strike-slip faults, b) dip-slip faults in continental regions, c) dip-slip faults in regions of lithospheric
subduction. Straight lines are least squares’ fit to the data.

which is almost identical to a relation derived for the Aegean area (ZPapazachos & Papazachou
2003). Figure 3b shows a plot of the logarithm of the area, S (in km®), versus the corresponding
magnitude for 63 cases of dip-slip faults for which such reliable data are available. These data are
fitted by the relation:

LogS =0.78M—-2.56, ©=0.21,  6.0<M<7.5 (8)
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Figure 3. Variation of the logarithm of the observed fault area, S (in kmz), as a function of moment magnitude,

M, for: a) strike-slip faults, b) dip-slip faults in continental regions, c) dip-slip faults in regions of lithospheric sub-

duction. Straight lines are least squares’ fits to the data.
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Assuming that these dip-slip continental faults, are rectangular, we receive the following formula
for the fault width, w (in km), from relations (7,8):
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Logw = 0.28M - 0.70,

6.0<M<7.5

9)



The relations (1,2,8) give the formula :

Logu =0.72M — 2.82, 6.0<M<7.5

where, u (in cm), is the mean displacement at a dip-slip continental fault.
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Figure 4. Variation of the logarithm of the fault length, L, of the fault width, w, and of the fault slip, u, as a func-

tion of the moment magnitude, M, for strike-slip, dip-slip continental and dip-slip subduction earthquakes.

3.3 Dip-slip faults in subduction regions

Figure 2c shows the logarithm of the fault length, L (in km), for 72 faults in lithospheric subduc-
tion areas for which such reliable data are available. The following relation fits the data:

LogL = 0.55M — 2.19,

6.7<M<9.3 (11)
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The plot of the logarithm of the area, S (in kmz), of 61 dip-slip faults in subduction zones for which
the values of such areas are available, as a function of the magnitude, is given in figure 3c. These
data are fitted by the relation:

LogS = 0.86M—2.82, =025 6.7<M<9.2 (12)

From relations (11,12) we find that the fault width, w (in cm), of dip-slip faults in lithospheric sub-
duction areas is given by the relation:

Logw =0.31M-0.63, 6.7<M<9.2 (13)

Relations (1,2,12) give the following relation between the mean displacement, u (in cm), at the dip-
slip faults in subduction areas and the magnitude of the corresponding earthquake:

Logu = 0.64M —2.78,  6.7<M<9.2 (14)

4 CONCLUSIONS

In order to identify differences between the fault parameters (L, w, u) in the three different seis-
motectonic regimes, each of these parameters has been plotted in the same figure 4. Figure 4a
shows the plot of the subsurface fault length, L (in km), against the moment magnitude, M, for the
three seismotectonic regimes. It is observed that the length of the strike-slip faults is larger than the
fault length of the dip-slip faults for given magnitude. Thus, for M = 7.0, the fault length is 68 km for
a strike-slip fault, 44 km for a dip-slip fault in a continental region and 46 km for a dip-slip fault in a
region of lithospheric subduction.

Figure 4b shows the plot of the fault width, w(in km), versus the moment magnitude. The widths
of the strike-slip faults are relatively small, the widths of the dip-slip faults in continental regions are
larger and the widths of the dip-slip faults in regions of lithospheric subduction are much larger.
Thus, for M=7.0, the fault width is 13 km for a strike-slip fault, 18 km for a dip-slip fault in a conti-
nental region and 35 km for a dip-slip fault in a region of lithospheric subduction.

Figure 4c shows a plot of the mean fault displacement. The fault displacement is about the
same for strike-slip faults and for dip-slip faults in continental regions and much smaller for dip-slip
faults in regions of lithospheric subduction, for a given magnitude. Thus, for M=7.0, the fault dis-
placement is 148 cm for strike-slip faults, 166 cm for dip-slip faults in continental regions and 50 cm
for dip-slip faults in regions of lithospheric subduction.

It must be pointed out that the results of the present work concern properties of real (subsur-
face) seismic faults. It will be of interest to examine properties of the surface expressions of faults
(length of surface faults trace, surface fault displacement), but this is our next relative goal.
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