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Abstract  Earthquakes are caused by the failure of faults, driven by tectonic stress build-up in the Earth’s crust. To study 
the earthquake preparation process and assess regional earthquake potentials, it is vitally important to understand the crustal 
stress evolution process and identify its change in pattern associated with the seismogenic process. In this study we investi-
gate the focal mechanism orientations of earthquakes in southern California from 1982 to 1999, basing on a focal mechanism 
catalog from Hauksson. We find that for the two large earthquakes occurred in southern California, the 1992 MW7.3 Landers 
and the 1999 MW7.1 Hector Mine, the orientations of focal mechanisms near the coming earthquake tend to converge to the 
stress direction promoting the rupture of the coming earthquake and align with its focal mechanism about half-year before its 
occurrence, suggesting that the tectonic stress field gets more organized in favor of the rupture of the event pre-seismically. 
The degree of stress convergence is measured by the orientation angle RMS (root mean square) between the preshocks’ focal 
mechanisms and the focal mechanism of the large event studied, and its time series recorded the stress convergence process. 
The degree of anomalies, measured by the F-tests, indicates that the convergence of stress orientations become significant at 
90% confidence about half-year prior to both the Landers and Hector Mine quakes, and it becomes even more prominent at 
99% confidence right before the occurrences. Our study may be of significance for assessment of regional seismic potentials. 
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1 Introduction  

For more than one hundred years, seismologist has 
been searching for earthquake prediction methods; 
however, there is no one reliable and practical at present 
(Geller, 1997). Many scientists were devoted to the at-
tempts on various methods because earthquake predic-
tion is of great importance in earthquake prevention and 
disaster reduction. For instance, Qian et al (1982) and 
Zhao et al (1996) have observed the geoelectric resistiv-
ity anomaly in quadrant spatial distribution before the 
Tangshan earthquake. But whether geoelectric meas-
urement can be applied to earthquake prediction is not a 
deterministic conclusion (Geller, 1996). According to 
the study on relationship between S wave splitting and 
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stress variation, Crampin et al (1999) considered the S 
wave splitting in the view of relationship between stress 
variation, extensive dilatancy anisotropy and critical 
phenomenon related to earthquake prediction. It is re-
ported that a successful “stress prediction” has been car-
ried out in Iceland, although there is doubt on it (Seher 
and Main, 2004; Crampin et al, 2004). Basing on ex-
periment observation of nonlinear instability before the 
rock rupture, the research group led by Yin Xiangchu 
proposed a load/unload response ratio (LURR) method 
and applied it to the practice in big earthquake predic-
tion (Yin and Yin, 1991; Yin et al, 1995, 2000). Al-
though this method is a relative good success, it also 
arose a discussion in seismological community (Smith 
and Sammis, 2004; Trotta and Tullis, 2006). These stud-
ies all have made a very good attempt. However, so far 
the problem of earthquake prediction is still a challeng-
ing research subject. 
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As we know, the change of stress field caused by 
earthquake preparation is very little relative to the crus-
tal tectonic stress, so the direction of crustal stress field 
is relatively stable. The ratio of stress field change to 
tectonic stress itself is an inconclusive scientific prob-
lem. If the accumulation and release of seismogenic 
crustal stress is very small and can be considered ran-
dom fluctuation, the conclusion constitutes that earth-
quakes cannot be predicted (Geller et al, 1997). If the 
accumulation and release of seismogenic crustal stress 
cannot be taken as random fluctuation comparing with 
the crustal stress itself, earthquake can be predicted to 
some extent on the condition that the characteristic pa-
rameters of stress accumulation before an earthquake are 
obtained. The predecessors’ studies mostly were con-
centrated on the absolute stress direction and value be-
fore earthquakes, where these parameters were treated as 
the characteristic parameters of stress accumulation be-
fore earthquake. However, comparing with the crustal 
stress itself, the accumulation and release of seis-
mogenic crustal stress is very small, usually drowned 
out by observational noise, and therefore, its detection is 
very difficult. This may be the failure reason for many 
present earthquake prediction methods. Under the frame 
of elasticity, the precisely determination of stress value 
in seismogenic area is very difficult (Aki and Richards, 
2002), but the stress direction can be obtained by using 
earthquake focal mechanism (Gephart and Forsyth, 1984; 
Michael, 1987; Gephart, 1990; Hardebeck and Michael, 
2006). So if treating the convergence of stress field di-
rection from focal mechanism of preshocks and that 
from mainshocks before a big earthquake as a parameter, 
maybe we can obtain some information about earth-
quake preparation process before a large earthquake. 

In the late 1970s, Chen (1978) once proposed the 
method of treating the focal mechanisms consistency as 
a new parameter to describe the earthquake preparation 
process. However, the available foreshock focal mecha-
nism data in his study were too few and he only used 
fault strike’s standard deviation in each time interval to 
describe the earthquake preparation process without 
considering the dip and rake of the fault within the me-
chanism. Diao and Yu (1980) presented that the ratio of 
contrary signs to all the polarities of the P wave first 
motion of small earthquake in composite fault plane 
solution decreased before the 1976 Tangshan, Hebei, 
earthquake. They also found the similar phenomenon 
before the 1965 Yanqing, Beijing, earthquake. Diao et al 
(1994) analyzed the focal mechanism of small earth-

quake before 1992 Kaoiki, Hawaii, earthquake, and 
found stress field variation before the mainshock. So 
they proposed the idea of earthquake prediction based 
on stress field variation in seismic source. Their group 
calculated the sum of the angles between the P, T and B 
axis of CMT catalogue in Kuril islands region and the 
pressure, dilatational and intermediate principal stress 
axis of tectonic stress in that region and treated the aver-
age value as the consistence parameter (Wang and Diao, 
2005). They found the phenomena that the consistency 
parameter decreased before all the MW>7.5 earthquakes 
(Wang and Diao, 2005). However, the consistency pa-
rameter of focal mechanism they obtained shows obvi-
ous oscillation characteristics that make the discrimina-
tion of precursor information become difficult. This is 
because the adopted focal mechanism data is too limited, 
so the variation of consistency parameter of focal me-
chanism was observed in average-moving five points.  

Kagan (1991) presented the method for calculating 
the three dimension spatial rotation angle to represent 
the focal mechanism orientation angle (FMOA for short 
in the following text) between two earthquakes’ disloca-
tion models by using quaternion method. Many studies 
gave the difference between focal mechanism orienta-
tions quantitatively with this method (e.g., Frohlich and 
Davis, 1999; Kagan and Jackson, 2000; Kagan, 2003; 
Bird and Kagan 2004; Okal, 2005; Pondrelli et al, 2006). 
Recently, Kagan (2007) proposed a simplified method of 
the spatial rotation between the double couple seismic 
source. This development provided a firm scientific 
foundation for the study on the consistency of focal 
mechanism before large earthquakes. In this study, the 
small earthquake focal mechanism catalog of southern 
California given by Hauksson (2000) is adopted and the 
FMOA algorithm (Kagan, 1991, 2007) for double cou-
ple source is used in studying the phenomena that small 
earthquakes focal mechanisms trend to that of main-
shocks for two MW>7.0 earthquakes in southern Cali-
fornia (the 1992 MW7.3 Landers earthquake and the 
1999 MW7.1 Hector Mine earthquake). The results show 
that the above mentioned phenomenon is significant in 
both earthquakes. It has potential to be used in earth-
quake preparation process analysis. 

2 Data 
Hauksson (2000) presented the small earthquake 

focal mechanism catalog of southern California, cover-
ing the area of 114°W−122°W, 31.5°N−38°N from 1975 
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to 2003 with total 66 448 data of focal mechanism re-
corded including the focal mechanism whose magnitude 
is zero. These data provide the good opportunity to 
study that focal mechanisms of small earthquakes trend 
to those of the mainshocks in the two MW>7.0 earth-
quakes of Landers and Hector Mine. The focal mecha-
nism solutions of this catalog are obtained by using P 
wave first-motion polarities, so it presents the initial 
rupture location and focal mechanism for big earthquake. 
In order to depict the general characteristics of big 
earthquakes, we use the catalog given by Kagan et al 
(2006) for the two big earthquakes’ focal mechanism 
and centroid location, which were obtained on the basis 
of many researches on focal mechanism in southern 
California. The initial time of the Landers earthquake 
occurrence is 11:57, 28 June 1992, with its centroid lo-
cation at 34.2°N, 116.437°W and strike, dip and rake 
angles 341°, 70° and −172° respectively. The initial time 
of the Hector Mine earthquake is 09:46, 16 October 
1999, with a centroid location at 34.594°N, 116.271°W 

and strike, dip, slip of 336°, 80° and 174° respectively. 
In order to obtain the average range of variation in 

the FMOA of seismic focal mechanisms before the 
Landers and Hector Mine earthquakes to those of the 
mainshocks, we need a proper preshock phenomenon 
area, for if the selected area is too large, there will be 
more non-phenomenon factors affecting our result. 
However, if too small, lack of data available will make 
our result less reliable. Yu et al (2006) calculated the 
areas where the Coulomb stress change produced by the 
two earthquakes is over 0.01 MPa, which are equated 
with areas with radius of 150 km and 120 km, and we 
adopted their result in our study. Taking the focal areas 
of the Landers and Hector Mine earthquakes as the cen-
ters and the 150 km and 120 km as the radius, we set the 
areas for our data collection to calculate the root mean 
square (RMS) of FMOA of small earthquakes to the 
mainshocks (Figure 1) and to study the phenomenon 
that stress direction trends to that encouraging the seis-
mic rupture. 

 

Figure 1 Epicentral distribution of focal mechanism data for the Landers (a) and Hector Mine earthquakes (b) used in this study. 
The locations of centroid moment tensors with MW>6.0 in the studied region and time period are presented by the lower-hemisphere 
projected beach balls with the red representing extensional quadrant. The green lines represent the fault of the studied area. 

3 Method 
The focal mechanism data 10 years before the 

Landers and Hector Mine earthquakes were used, and 
the average variance of the FMOA of all the earthquakes 
to the mainshocks was calculated by treating every half 
year as a time interval in the circle with a certain radius. 
The root mean square (RMS) of the FMOA of small 
earthquakes to the mainshocks was studied with average 
moving step of 0.1 year. 

The FMOA of small earthquakes to the mainshock 
was calculated by using the algorithm presented by Ka-
gan (1991, 2007). Kagan used a quaternion vector to 
represent an earthquake’s focal mechanism, and one 
focal mechanism can be rotated into another by four 
rotation pattern around the pole, in which the minimum 
rotation angle represents the difference of focal mecha-
nism orientation. The average FMOA was obtained by 
averaging every small earthquake’s minimum rotation 
angle, which occurred at a certain time interval. As big-
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ger earthquakes can be observed by relatively more sta-
tions with smaller observational errors, we adopted the 
magnitude given by the catalog of Hauksson (2000) to 
weight the corresponding earthquake’s FMOA and ob-
tained the error of average FMOA as 
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where, wi is the weight of the earthquake in the time 
interval, and can be assumed as magnitude of the earth-
quake. Φi is the minimum rotation angle between the 
earthquake focal mechanism and the mainshock focal 
mechanism. 

In order to set a criterion for objective evaluation of 
the probability of the earthquake, we adopted the F-test 
to determine the abnormality occurrence in the conver-
gence of the focal mechanism of small earthquakes 
within a set period of time to that of the mainshock. The 
weight variance of the FMOA of all the earthquakes to 
the mainshocks within the defined period of time is 

 ,22 σχ N=  (2) 

where N is the number of earthquakes within the studied 
period, and its F-test can be expressed as 
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where N1 is the number of focal mechanisms within a 
period of 0.5 years, and N2 the number of the total 
number of the focal mechanisms of all the earthquakes 
within the studied period. Here we can see that the F-test 
shows that the variance of the spatial rotation angle 
within a set period is different from that within a total 
period, i.e., the focal mechanisms within a set period 
trending to that of the mainshock show difference from 
those within the total period. The probability density 
function of the F distribution is 
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where ϕ (x) is the probability density function.  
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x is variable. 
The probability is the integral of the ϕ(x) within a 

defined range. The bigger statistic probability shows that 
the degree that the focal mechanism spatial direction 
within the studied period trends to the stress direction 
that encourages the mainshock rupture, is obviously dif-
ferent from that within the total period, therefore, and it 
can be treated as anomaly, hereinafter, called anomaly 
probability. 

4 Results 
Based on the method mentioned above, we calcu-

lated the root mean square of the difference of minimum 
spatial rotation angle of focal mechanism of small 
earthquakes before the Landers and Hector Mine earth-
quakes, the anomaly F-test probability and their corre-
sponding relationships with the number of the focal 
mechanisms within the studied period and the Benioff 
strain (Figures 2 and 3). Data adopted for the Landers 
earthquake are those within 10 years before the occur-
rence of the event, while for the Hector Mine earthquake, 
we took data from one year after the Landers earthquake 
till six years before the Hector Mine earthquake. As for 
the latter we did not consider the data before and after 
the Landers earthquake so as to avoid the influence that 
the rupture process of Landers event might exert on the 
stress direction during the preparation process of the 
Hector Mine earthquake. Here we can see that before the 
Landers and Hector Mine earthquakes, both have a 
pre-seismic period of about 0.5 years when the phe-
nomenon occurred that the root mean square of mini-
mum spatial rotation angle dropped to its minimum 
value and the anomaly F-test probability rose to its 
maximum, which reflects the process that the statistic 
stress direction of the focal mechanism of the smaller 
earthquakes before the mainshock trends to that en-
couraging the rupture of the mainshock, and therefore, 
we can see that the process of earthquake preparation 
before the event is about 0.5 years. 

Figure 2 is the root mean square of minimum spa-
tial rotation angle of the stress direction corresponding 
to the rupture stress direction of the Landers earthquake 
within the area with a radius of 150 km before the Lan-
ders event, the anomaly F-test probability (Figure 2d) 
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versus time, the number of focal mechanism and Benioff 
strain used at each interval. The number of seismic focal 
mechanisms reflects only the number of the data, ex-
cluding their magnitudes while the Benioff strain, on the 
contrary, reflects the overall strains released during the 
calculating interval. In addition, we produced as well the 
occurring times of the earthquakes before the Landers 
events such as the July 8, 1986 Desert Hot Springs 
MW6.1 event, the two November 24, 1987 Superstition 
Hill ones that took place within roughly 12 hours with 
MW as 6.1 and 6.6 respectively and the April 23, 1992 
Joshua Tree MW6.2 earthquake. These events all oc-
curred within the coverage of 150 km from the seismic 
center of the Landers earthquake, but the root mean 
squares of the rotation angles and the chronological se-
quences of the anomaly F-test probability do not show 
obvious trace that other earthquakes are related to these 
MW>6 earthquakes during their occurrences. This may 
demonstrate: 1 that the stress field varying range of the 
MW>6 earthquakes is obviously smaller than the pre-
cursor anomaly range set by the MW>7 earthquakes, 
which makes the statistic data unidentifiable; or 2 that 
the focal mechanisms of these earthquakes are greatly 
different from that of the Landers earthquake. 

Figure 3 is the root mean square of minimum spa-
tial rotation angle of the stress direction corresponding 
to the stress direction of the Hector Mine earthquake 
rupture within the area with a radius of 120 km before 
the Hector Mine event and the anomaly F-test probabil-
ity (Figure 3d) versus time. During the period from the 
occurrence of the Landers earthquake to that of the 
Hector Mine event, no MW>6.0 earthquakes took place 
within the circle of 120 km from the seismic center, but 
200 km to the west of this region, the Northridge MW6.7 
earthquake occurred in 1994. After the Northridge event 
seismic activities increased within the selected area 
(Figure 3c and d), which might be the result of the trig-
gering effect of the Northridge event. Though the North-
ridge earthquake may trigger the seismic activity in our 
studied area, the stress direction reflected by the focal 
mechanism in our calculation is not much deflected the-
reby. Only the root mean square of the difference of 
minimum spatial rotation angle of focal mechanism 
dropped to its lowest, and the corresponding anomaly 
F-test probability rose to its highest before the Hector 
Mine event, which remains the same until the occur-
rence of the event. 

Figure 2 The root mean square of the difference of minimum 
spatial rotation angle of focal mechanism of small earthquakes 
in circle area with a radius of 150 km in Hauksson (2000) cata-
logue and that of the Landers earthquake (a), number of focal 
mechanisms (FM) used at each interval (b), Benioff strain at 
each interval (c) and anomaly F-test probability (d) versus time. 

Figure 3 The root mean square of the difference of minimum 
spatial rotation angle of focal mechanism of small earthquakes 
in circle area with radius of 120 km in Hauksson (2000) cata-
logue and that of the Hector Mine earthquake (a), number of 
focal mechanisms used at each interval (b), Benioff strain at 
each interval (c) and anomaly F-test probability (d) versus time.
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5 Discussion and conclusions 
By calculating the root mean square of the differ-

ence of minimum spatial rotation angle of focal mecha-
nism of small earthquakes before the Landers and Hec-
tor Mine earthquakes and the anomaly F-test probability, 
we found that the two events both showed the phe-
nomenon that the statistical stress direction of the focal 
mechanisms of the smaller earthquakes trends to that 
encouraging the mainshock rupture, which might be a 
precursor of earthquakes. The precursor emergence time 
is about 0.5 years before earthquakes. This study does 
not support the conclusion drawn by Geller et al (1997) 
that earthquakes are self-organized critical phenomena, 
therefore, unpredictable. At least, large events are pre-
dictable, as for smaller ones, however, we did not study 
yet due to the lack of data available. Our study may 
contribute to the seismic prediction study as a new start 
point for further development. 

Among the root mean squares of the difference of 
spatial rotation angle before the two large earthquakes, 
there are also some lower extremes (Figure 2a and 3a) 
and some higher anomaly F-test probabilities (Figure 2d 
and Figure 3d), where we found no corresponding 
earthquakes. This is not in line with the common sense 
mainly because: 1 the crustal stress may vary in differ-
ent geologic structure units; 2 the spatial non-uniform 
distribution of the earthquake occurrences makes the 
crustal stress direction at the clusters of occurrences 
have bigger statistical weight and the areas where there 
are fewer occurrences have smaller; 3 earthquake oc-
currences also show chronological non-uniformity, 
which might lead to our neglecting the statistics of the 
spatial FMOA in certain areas where no earthquakes 
occurred at certain intervals but taking them into statis-
tics at certain interval when earthquakes took place. 
How to take these complexities into consideration effec-
tively so as to highlight the precursor information of 
spatial FMOA before earthquakes needs further study 
according to the individual occurring faults and their 
geophysical backgrounds. Despite of these uncertainties, 
we found that the anomaly probabilities obtained by 
F-test before the two events both kept increasing by 
90% for half a year and exceeded 99% before their oc-
currences, which might be adopted as evidence and 
treated as the precursor of large earthquakes. 

We only studied the phenomenon of foreshock’s 
focal mechanism trending to that of the mainshock in 
the two MW>7.0 earthquakes in southern California, 

where better earthquake focal mechanism data are 
available. In the follow-up research in this aspect, we 
need to aim at earthquakes of smaller magnitudes. This 
research only provided the phenomena of foreshock’s 
focal mechanism trending to that of the mainshock for 
the largest earthquake with the best available data. 

In the study of accelerating moment release model, 
Bowman and King (2001) studied the possible region of 
earthquake precursor constrained by negative Coulomb 
stress change areas calculated by coseismic rupture 
model. And they found that several big earthquakes in 
California had precursors more consistent with the ac-
celerating moment release model than that of circle area. 
The follow-up study on this research needs to consider 
this technology for selecting regions where earthquake 
precursors are obvious, so as to achieve possibly clearer 
information on foreshock’s focal mechanism trending to 
that of the mainshock. 
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