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Abstract

Three different degrees of heterogeneous fault models are simulated by using 2-D random dy-
namic cellular automata models for analyzing macroscopic behaviors of seismic activity evolution
influenced by heterogeneity of fault structures. The results show that the heterogeneities of fault
structures can influence evolution properties of the foreshock activity and rupture process, such
as the mediate heterogeneous and less heterogeneous structures, which show relatively higher
ASR rates and more significant seismic gaps before main shocks. Besides, stress drop distribution
ranges of the foreshock events when approaching a main shock show more homogenous (narrow-
er) than that of the foreshock events far from a main shock. So the heterogeneity of fault struc-
tures plays an important role in strong earthquake preparation processes.
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1. Introduction

The behaviors of earthquake activity are complicated and various, which are proved by long-term earthquake
prediction. The work on earthquake sequence’s mechanism has been paid more attention to by researchers. Base
on rock failure experiment [1] and mathematical analyses [2] [3], the failure model and earthquake sequence
property of different heterogeneous rock structure are studied, and the results show that the three earthquake se-
quence types of main shock, foreshock-main shock-aftershock and earthquake swarm are obtained from homo-
geneous to extreme heterogeneous medium respectively. That is why the preparation process of strong earth-
quake has a direct relation with rock heterogeneous medium. In recent years, some researchers considered the
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earthquake preparation process to be a critical phenomenon called the critical-point-like model of earthquake [4]
[5]. As one of the critical behaviors, the ASR (acceleration strain release) phenomenon often exists before large
earthquake occurrence [6] [7], which is similar to the parameter change of condensed matter physics around the
critical point. However, according to Wang Lin-yang’s study [8], of 117 times mediate or strong earthquakes in
China (eastern China Ms > 5.5, western China Ms > 6.0) during years 1970-2003, there are 63 times (51%)
general foreshocks and only 13 times (11%) direct foreshocks. In addition, the statistics of worldwide Ms > 7.0
earthquakes show that the probability of foreshock occurrence is 42.2% (40 days before a main shock, range
around main shock within 100 km) [9]. It is very important to identify foreshock activity effectively for short-
term or middle-term strong earthquake prediction practice. For example, in the daily earthquake monitoring and
analysis work, we often face to make a prediction whether a strong shock will occur or not when small or me-
dium shock activity is strengthening, therefore, researchers have paid more attention for the study to properties
and identification of precursory foreshocks and its short-term prediction before strong earthquakes.

2. Model Design

We uses a cellular automata model composed by cell (the unit of system) and evolution rule after comparing
previous research works [10]-[18].

2.1. The Setting of Medium Parameter

We set up the fault zone plane model using the generation method of two dimension non-empty cantor set by
setting 3 different probability values for each segment in both longitude and latitude directions, and we can get a
81 * 81 cell units model after 4 hierarchic divisions. The probability strength distribution of the model cellular
units obeys the fractal dimension distribution. Based on the study of reference [19], we select three different he-
terogeneous fault zone plane models (A1, C1 and D1) in reference [19] for the research objects, called model A,
model B and model C, respectively. The model corresponding theoretic fractal dimension value is 1.9996,
1.9969 and 1.9915, the model extreme difference ratio of cellular unit probability is 1.69, 4.98 and 14.75,
respectively. Obviously the cellular unit strength distribution heterogeneity of three models above increase ac-
cordingly. The static friction strength (SJ (i, j)) of each unit is obtained after the calculation of each cellular
unit ratio by the gross systemic static friction strength which is same for the three models, the model specific
setting method and selection of parameter are referred to reference [20].

2.2. Fracture and Stress Redistribution Rules

Set initial stress value of one cell unit on 2-D fault plane as S, (i, j), static frictional strength as S, (i, j) , dy-
namic frictional strength as S, (i, j) , where (i, j) is the number of a cell. Stress increases with random load-
ing, stress increasing ratio as A(i, j), stress random loading on a cell unit with time step. At the moment of
without any cell unit fracturing t, the stress value of cell unit is

S(i, j.t) =S, (i, J)+ A(i, j)t )

At a certain time t, , if stress value of such cell unit S(i, j,tb) is up to its static frictional strength, namely
S(i,j.t,)=S, (i, j), so the cell unit will fracture, and its stress value drops to dynamic frictional strength. The
stress drop of cell unit is

As(ib'jbltb)zs(ilj!tb)_sD(i!j) 2

When one cell unit fractured, part of stress drop become loss in friction thermal, part of that radiated to
neighbor other cells in seismic wave and become as stress loading of these cell units. For each unruptured cell
unit (i, j), the increment of stress A(i, j) allocated with reciprocal of distance,

C(1-2)AS(i, j. .t .. .
Al j)= (-2)aS (i, bt i,i, not always equal to j, j, , (3)

i)+ (-3

where the C s stress allocation coefficient, A is local friction loss coefficient of cell unit and less than 1.
The unit stress near fracture unit will increase and decay with distance. This paper defined simulation medium
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as non-restraint boundary conditions, so part of fractured unit stress allocated out of this system. In order to re-
flect different influence of fractured unit location, the sum of the lost stress Zs(ib, jb) and system stress drop
are related with distribution of cell unit. This is the innovative point in this paper and matches up with stress
drop allocation.

2ZA(LJ')+Z€(ib,J'b)=(1—ﬂ)AS(ib,J'b) 4)

If several cell units ruptured at the same time influenced by other units, the ruptured units cannot endure stress
loading at this moment.

2.3. Earthquake Magnitude

When the stress on a cell unit superseded energy at this moment is:
E(ib'jb)zASZ(ib'jb) 5)

In order to simplified calculation, we assume every cell unit is with the same elastic constant and the released
energy is relative amount. Because of stress adjustment, one cell fracture will lead to other more cells rupturing
at the same time until the system reach to a stable state (none ruptured cell), We accumulate fracture power of
all the ruptured units, and then a larger earthquake appeared. The magnitude is:

M -ig( STEG 1) ©

ib jb

According to Equations (5) and (6), we can calculate average effective stress drop AS by using square root
of released energy one event by ruptured cell number.

3. Results and Analyses

The cell automata in this paper is a 2-D fault plane model made up of 81 x 81 cell units, the static frictional
strength and stress distribution rules for each cell unit were assured according to the above model. The system
starting with random mode, we chose a stable evolution period (5 x 10° - 20 x 10°) as studying sample duration.

3.1. Overall Characteristics of Seismic Activity

Total number of events, magnitude range and accumulated strain release rate Zx/E of three fault models in
the study period show that; with enforcement of structural heterogeneity degree from model A to model C, cal-
culated number of events increasing, magnitude of maxim main rupture event decreasing and average strain re-
lease rate increasing (Table 1).

M-t and evolution curves of system stress level from three models in local period (5 x 10° - 10 x 10°) are giv-
en in Figure 1. From Figure 1, we can see, with the model from A to C representing the enforcement of the
fault zone structural heterogeneity degree, the nonlinearity of system stress level curve increases and dynamic
weakening amplitude the curve decreases in turn and event sequences in M-t plots show main-shock type (such
as model A), foreshock-main shock-aftershock type (such as model B) and earthquake swarm type (such as
model C) features respectively. Besides, we can infer that the deformation features behave from relative brittle-
ness to toughness with structure being more heterogeneous. As pointed by reference [21], brittleness means dis-
tribution of regional stress strength more uniform, toughness means distribution of regional stress strength more

Table 1. General simulation results for different heterogeneous models.

information total earthquake Magnitude Accumulated stress
Model dimension events range release rate
A 1.9996 19,148 3.24-6.74 1.123
1.9969 26,309 2.75-6.67 1.739
1.9915 31,042 2.21-6.57 2.103




M. Li et al.

~ (a)
X 53.70, "
¥} b | ‘ V4
£ VW 1M %9 |
R40 48! | : - I
E7%5000000 600000 700000 [ 800000 900000 1000000
7.00,
=
0.00
500000 600000 700000 , 800000 900000 1000000
& 52,58 m (b) ‘ :
< A / / A
% P L l z S S/ e / S
, e ~n / / / / L /S Vv /
o 44.85] v e’ v / .
E 500000 600000 700000 800000 900000 1000000
7.007
S
0.00
500000 600000 700000 , 800000 900000 1000000
. ©)
551.16:¢H ’VL -. /}n
5 ' / 1™ ‘ A M
-’KJ ( / {/’ N /"Vl /ni\"‘r/ / /4’ ,,,Z‘.’."b"w ,"M'rh“/l /ﬂ. Vi /Mj 1A
=S , / 4/ \/ Vo / 1 W v
R [ /
24611 W . . . . . . . . .
& 500000 600000 700000 800000 900000 1000000
7.00

0.00,
500000 600000 700000

800000 900000 1000000

1

Figure 1. System stress evolution and M-t plots for different heterogeneous models.
The plot (a), (b) and (c) is for model A, B, and C respectively.

dispersed. In other words, homogeneous fault structures tend to appear collective rupturing behavior and to form
characteristic earthquake (mature fault zone which is relative to a lower mean fracture energy and clustering
strong earthquakes in time scale), on the contrary heterogeneous fault structures decline to power law distribu-
tion (immature fault zone which performs a higher mean fracture energy and relative uniform strong earthquake
distribution in time scale). So distributions of earthquakes from fault structures with different homogeneous
showed different deviation features from normal G-R relation. This has a indication meaning for regional seis-
mic risk evaluation.

3.2. Strain Release Features during Foreshock Process

According to calculating results in this paper, features of general seismogenic process from uniformity and
non-uniformity model are quite different from each other. In order to analyses stage evolution features of fore-
shock process with different homogeneous degree fault structure and to provide evidence for earthquake predic-
tion, the author tries to study on foreshock process especially for accelerating release of strain.

Confirming a main shock is the premise of a seismic sequence process research. As pointed out by reference
[22]. When average energies of system and main shock size keeping constant, the system reaches to a critical
state though energy value is far less than system max geometric possible value. For instance, the strongest
earthquake calculated by our models only cover about 30 percent of fault area and average main shocks cover
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about 10 - 20 percent. In other words, mainshocks are only small parts of the entire fault area.

Taking earthquake as a continuous failure process, we concentrated on the biggest earthquake events calcu-
lated by our models. According to intermittent of main shock and seismic activity evolution features, the authors
defined this process as a cycle consisting of foreshock, main shock and aftershock. Taking a group of continue
earthquake events as a cycle and defined mainshock magnitude as M > 6.2 in the paper (we define the first M >
6.2 event as the mainshock if there are several main shocks in one cycle), events before the mainshock we called
them foreshock process and after it we called them aftershock process. At the same time, aftershock process end
means next cycle foreshock process beginning.

In order to study this cycle, we selected three models with different inhomogeneous degree to calculate each
foreshock process strain release rate with magnitude > 6.2 as a mainshock. As showed the evolution curves of
system stress in Figure 1, m stands for main shock time, | m stands for foreshock process, ml stands for after-
shock process. We normalized each foreshock process in time and divided it into four stages: stage one, stage
two, stage three and stage four which contains the first 30%, the second 30%, the third 30% and the last 10%
duration of a foreshock process, respectively. We can take these four stages as early stage, middle stage, late
stage and later stage of foreshock process before a strong earthquake occurrence. Each foreshock events are
correlated with main shock in strong earthquake occurrence because cell automata lacks of absolutely time scale
and small size of fault grid. This may not match totally with the definition of foreshock process in seismology.

For AMR, there are about three representations: accelerating moment release, increasing of earthquake num-
ber and accelerating strain release. Four stage strain release rates of each foreshock process are calculated ac-
cording to the definition in the paper. For model A, B and C, we get 30, 26 and 25 times foreshock processes
respectively. In addition, we calculate the general average strain release rates except for mainshocks for the
model A, B and C: 1.022 + 0.111, 1.632 + 0.091 and 2.013 £ 0.109, respectively. Moreover, strain release rates
don’t behave consistent changing modes or behave randomness in four stages with time scale. This indicates a
complicity and fluctuation in foreshock process strain release (Table 2).

As later stage of strong earthquake preparation process, stage 4 has a important significance for strong earth-
quake prediction. Considering the fluctuation of foreshock activity, the authors definite two kinds of evaluation
standards to judge whether or not there is a precursory earthquake: one is 1.1 times of general average strain re-
lease rate of each model as a standard 1 (Std1); another is 1.1 times of average strain release rate with four stag-
es of a foreshock processes as standard 2 (Std2). If a rate of stage 4 is bigger than the both two standards above
simultaneously, we define there is a precursory earthquake. Statistical results show that:16 precursory earth-
quakes appear in model A, made up 53% of the model total; 16 precursory earthquakes appear in model B, made
up 62% of that; 9 precursory earthquakes appear in model C, made up 36% of that; and the average proportion
of three models is about 49%. It is indicated that not every later stage during strong earthquake preparation ex-
ists seismic activity enforcement; but some of them even appears seismic activity quietness(less than 0.9 times
of the two standards above simultaneously), such as: A13, A19, B5, B8, C21 and C23 in Table 2, where the
capital alphabet A, B, and C represents model A, B, and C, and the number behind represents the serial number
of foreshock process, respectively(support Zhou etc. [23] and Robinson etc. [24] calculating results). Generally
speaking, about half of the later stages of foreshock process from calculating results appear seismic activity en-
forcement, which is close to statistical results of natural earthquake in reference [8]. For the specific model,
moderate heterogeneous medium (model B) appears a relative high ratio of precursory earthquake in strong
earthquake preparation process; more heterogeneous medium (model C) appears a relative low ratio, while less
heterogeneous medium (model A) is that between the above two models.

We compare foreshock magnitude-accumulative frequency distribution between the earlier three stages with
the fourth stage of under different model, the results show: stages 4 with precursor earthquake appear moderate
size events increase (b value decreasing) during a foreshock process; however, stages 4 of foreshock process
without precursory earthquakes do not appear that (plot codes in Figure 2 are correspondent to that in Table 2).

This paper adopted a random stress input way to find randomness of seismic activity. The authors calculated
several times with three different models and results show that statistical features of same model is stable, and
simulating seismic activity mainly controlled by fault structural heterogeneity but the randomness is related to
original condition of system stress.

Evolution of earthquake activity before strong earthquake is complicated according to seismic observation
and the simulating results in this paper. For one thing, not every strong earthquake has an enforcement of fore-
shock activity. For another, a increasing of moderate earthquake events is not necessary when approaching a
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Table 2. Strain release rates of foreshock activity processes for different heterogeneous models.

No. of foreshock
process

Al
A2
A3
A4
A5
A6
A7
A8
A9

A10

All

A12

Al3

Al4

Al5

Al6

Al7

Al8

AL9

A20

A21

A22

A23

A24

A25

A26

A27

A28

A29

A30
B1
B2
B3
B4
B5
B6
B7
B8
B9

Duration of
foreshock process

487000 - 514460
524000 - 543010
561000 - 603430
610000 - 633120
650000 - 702040
710000 - 749260
752000 - 793280
822000 - 854970
856000 - 874060
884000 - 919530
922000 - 944020
950000 - 1021850
1034000 - 1046480
1065000 - 1106210
1117900 - 1138450
1147000 - 1195240
1203500 - 1243710
1254500 - 1292140
1356200 - 1387330
1407500 - 1430750
1435900 - 1480410
1486500 - 1498870
1520000 - 1590230
1627000 - 1670010
1684500 - 1698790
1702000 - 1757910
1760000 - 1803370
1810400 - 1839760
1853000 - 1903150
1953000 - 1993910
507000 - 531120
537200 - 552530
558100 - 591270
608800 - 651300
653300 - 663560
675000 - 719540
740000 - 788770
805000 - 855460
871000 - 931740

Accumulated stress release rate in different stage

1
1.107
1.334
0.847
0.906
1.109
0.891
0.867
1.035
1.052
1.123
0.969
1.054
1.038
0.866
1.040
1.165
0.943
0.649
0.740
0.950
0.819
0.995
1.053
0.773
1.187
0.867
1.107
1.016
0.941
0.957
1.755
1.956
1.477
1.561
1.732
1.387
1.416
1.583
1.593

2
1.131
0.951
0.935
1.153
0.817
1.071
0.917
1.033
1.191
0.904
0.788
0.950
0.975
0.933
1.155
0.723
0.967
0.894
0.731
1.198
1.061
0.886
1.073
0.665
0.944
1.061
1.457
1.149
0.987
1.011
1.666
1.725
1.428
1.341
1.791
1.525
1.527
1.329
1.729

3
1.036
1.483
1.190
0.996
0.870
0.972
0.958
0.913
0.885
1.088
0.803
0.927
1.386
0.885
1.217
0.897
1.015
1.013
0.898
0.898
1.017
0.949
0.971
0.952
1.093
1.022
1.189
1.063
1.119
0.943
1.831
1.525
1.913
1.710
1.438
1.655
1.524
1.508
1.619

4
1.286
1.476
1.334
1.296
0.996
1.239
1.011
1.035
1.356
1.003
1.445
1.038
0.962
1.493
1.047
1.154
1.066
1.213
0.847
1.437
1.456
1.289
0.984
1.255
1.256
1.118
1.194
1.048
1.118
0.904
1.838
2.026
1.631
2.259
1.402
1.725
1.899
1.416
1.732

average
1.110
1.278
1.032
1.046
0.938
1.005
0.925
1.001
1.074
1.011
0.914
0.983
1.116
0.940
1.128
0.941
0.989
0.887
0.795
1.058
1.015
0.978
1.028
0.834
1.154
0.973
1.245
1.070
1.026
0.964
1.759
1.764
1.609
1.608
1.628
1.543
1.527
1.468
1.655

Enhancement in stage 4 (tick for yes)

Std 1
N

\/
\/
\/

Std 2
N

\/
\/
\/
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Continued
B10 950500 - 1004560 1526 1510  1.809  1.667 1.621
B11 1016000 - 1077040 1519  1.356  1.693  1.810 1.551 y v
B12 1098650 - 1139730  1.349  1.657 1.644  1.855 1.581 \ \
B13 1153500 - 1193780  1.770 1423 1677  2.110 1.672 J J
B14 1203000 - 1242700  1.876 1621 1915  2.138 1.837 J J
B15 1274600 - 1296750  1.674 1238 1810  2.284 1.658 J J
B16 1320500 - 1356210  1.366 1617  2.067  1.662 1.678
B17 1379480 - 1419530  1.526  1.488  1.620  2.768 1.667 v v
B18 1439460 - 1478810  1.650 1457 2133  2.582 1.784
B19 1501400 - 1543240  1.355  1.807 1727 1744 1.641
B20 1566400 - 1611080  1.478 1501 1736  1.485 1.563
B21 1635000 - 1680510 1503 1619  1.171  2.663 1.718
B22 1703800 - 1744750  1.650 1736 1501  2.213 1.687
B23 1764700 - 1806210  1.619 1422 1689  1.509 1.570
B24 1823000 - 1867020  1.315 1616 1794  1.923 1.596
B25 1894900 - 1928640  1.353 1617 1407  2.110 1.524
B26 1947000 - 1991890  1.392 1385 1729  1.798 1.532
c1 482000 - 523730 2141 1964 2123  2.060 2.071
c2 537000 - 580060 1.745 1577 2311 2,058 1.896
c3 602800 - 629100 1.837 1908 2128  2.103 1.972
c4 636200 - 654650 1574 1717 1966  1.907 1.768
c5 665200 - 718720 1711 2367 2143 2526 2.119 J J
C6 721500 - 745240 1851 2079 2419 2831 2.188 «/ y
c7 760400 - 781200 2.085 1.857 2063 2489 2.050 v v
cs 783800 - 845210 2.086 2156 2219  2.001 2.138
c9 851400 - 884740 1.688  1.726 2240  2.565 1.957 V V
C10 919000 - 947120 1797 1.883 2306  2.000 1.996
c1u 956800 - 986750 1.989 2048 2042  3.180 2.142 \ \
C12 1175000 - 1209780  1.775 1913 2335  1.938 2.001
C13 1221000 - 1249320  1.547 1558 2110  2.331 1.872 J J
C14 1260000 - 1275060  2.052  2.238 1590  2.135 1.977
C15 1285000 - 1344700  1.979  2.059 2109  1.973 2.041
C16 1351000 - 1417780  1.920  1.895  2.145  2.002 1.987
c17 1424800 - 1486640  1.824 2216 2075  1.978 2.047
c18 1502000 - 1561480  1.793  2.034 2411  1.982 2.069
C19 1581000 - 1633780  2.038  2.033  1.958  2.250 2.034 y y
C20 1649300 - 1699320  1.997 2051  2.057  2.192 2.052
c21 1709460 - 1747290  2.071 2223 2002  1.846 2.074
c22 1760140 - 1788510  1.649  1.814 2199  1.974 2.077
c23 1847900 - 1862800  1.706 1792  1.907  1.344 1.756
C24 1889200 - 1907430  1.719 1901 2254  3.984 2.161 J J
C25 1938500 - 1966890  1.809 2103 1936 2570 2.012
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Figure 2. Magnitude-cumulated frequency relation comparison between the
3 earlier stages (black circle curves) and stage 4 (circle curves) of foreshock
process events for different heterogeneous models (the code in each plot is
consistent with that in Table 2).

strong earthquake. If we can combine up the regional structure condition and earthquake activity, it will help us
to recognize moderate earthquakes and earthquakes sequence so that we can make mid-short term prediction for
strong earthquakes more effectively.

3.3. Evolution Features of Stress Drop during Foreshock Process

Considering system stress levels increased approaching main shock, earthquakes in later stage can be quite dif-
ferent from same magnitude with different stress background. So we study evolution features of average stress
drop during foreshock process, in order to obtain stress conditions and evolution features in focal region before

strong earthquakes.

Three models A, B and C are given to calculate evolution result of stress drop and magnitude during fore-
shock process. No matter how different heterogeneous degree, the smallest event produced by a single cell unit
failure. Small and moderate earthquakes may be made up of a single cell unit or several cell units failure, which
mean a high stress drop cell unit can serve same magnitude with several different low stress drop cell units, that
is magnitude overlapping. With increasing of model heterogeneous degree, the ranges of stress drop and magni-
tude overlapping widen than it do ever before. Strong earthquakes were made up of many cracked cell units and
with increasing of magnitude, the cracked area become larger, which include many cell units with different
stress drop values. As an average effect, the range of events average stress drop with event magnitude increasing
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become smaller until becoming stable. Small events magnitude depend on stress drop of cell units and large
earthquake events depend on the focal cracked area or number of ruptured cell units, this is match up with Dy-
sart’s result [25] about the relation between focal crack size and stress drop of natural earthquakes.

In order to comparing statistical characteristics of stress drop of foreshock process, the author divided every
foreshock process in Table 2 into two stages in time: stage 1 + 2, stage 3 + 4; and two types: with and without
precursor earthquake type (Figure 3).

It is interesting that there isn’t a increasing tendency of stress drop in foreshock process events when ap-
proaching a main shock. However, no matter which model was chosen, compared with early and middle stage
(stagel + 2), distribution ranges of stress drop in late and later stage (stage 3 + 4) narrow down and event mag-
nitudes tend to be lager, that is, the distributions of stress drop show uniformity. Of course, there are some dif-
ferences in distribution ranges of stress drop, for example, the distribution ranges narrow down mainly when
events with M > 4 for with precursor earthquake type(Figure 3(a)), but so do when events with M < 4 for with-
out precursor earthquake type (Figure 3(b)). Local stress field features may be one of main causes for these dif-
ferences.

It is believed that with stress loading and increasing of system stress level, more and more moderate stress
drop cell units in cracking state begin to play dominate role. The mechanical properties of unruptured cell unit
showed less difference (uniformity state) and increasing correlation length, and then resulted in a uniform dis-
tribution of stress drop in late and later foreshock process. As we know, a system with uniformity state near
equilibrium is steady, but when out of equilibrium, a system with uniformity state will be unstable. The stress
drop of earthquake event tended to become uniform which means system entered an unstable stage under high
stress level may cause strong earthquake event. So we can use foreshock process stress drop features to estimate
future main shocks.

3.4. Spatial Distribution of Fault Rupture

In order to study distribution characteristics of fault rupture before strong earthquakes, three different model re-
sults with different homogeneous degree were given below (Figure 4). For Model A (such as the top plot of A3
in Figure 4), the number and frequency of broken cell units are very limited during whole foreshock process,
and broken cell units showed randomness in earlier stages of foreshock process and appeared localized special
pattern during later stages. It is believed stress concentration region or seismic gap appearing is mainly by
transferring and redistributing of stress. There were several seismic gaps before main shock, so we can predict
future main shock location according to seismic gaps. But for Model C (such as the top plot of C7 in Figure 4),
the broken number and frequency of cell units increase significantly with foreshock process development, there
aren’t obvious localized seismic gaps in fault zone and the distribution of broken unit showed a discrete feature.
When great mechanical differences among cell units appear on fault zone, stress transforming and reassigning
process show more frequent and complex, it is hard to form stress concentration region and predicate location of
future main shock. The characteristics of Model B (such as the top plot of B7 in Figure 4) lie between Model A
and Model C.

4. Conclusion and Discussion

According to features of earthquake evolution numerically simulated by three different heterogeneous models,
this paper got some main conclusions:

1) Strain release in different stage is complicated and unstable before earthquakes, only half portion of them
showed seismic activity reinforced and b value decreased when near a main shock or later stage of foreshock
process. In the point of structural heterogeneity, medium heterogeneity structure (model B) shows high percen-
tage of precursory earthquake while extreme heterogeneity structure (model C) is with relatively low percentage
and less heterogeneity structure (model A) that is between model B and C.

2) The distribution of stress drop of foreshock events uniformizes and foreshock events’ magnitude is increas-
ing gradually when approaching main shock. During foreshock process, distribution ranges of event stress drop
narrow down, which are located at high magnitude level with precursory earthquake type while at low magni-
tude level without precursory earthquake. This provides some useful information for making judgments for
stress background and strong earthquake prediction in focal region.
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Figure 4. Cell failure frequency distributions of foreshocks and main shocks for different heterogeneity
models (The code in each plot is consistent with that in Table 2, the top plots are for foreshock processes
and the bottom ones for main shocks, respectively).

3) Heterogeneity of fault structure caused great influence on spatial rupture process. With less heterogeneous
degree, model foreshock process existing in the obvious seismic gap and distribution of main shock shows loca-
lized tendency while with high heterogeneous degree it shows discreteness and no seismic gap.

According to simulation results, heterogeneity of fault structure caused different deformation features under
the same macro-mechanical characters. Study on heterogeneity will be helpful for understanding more informa-
tion through different regional geological conditions and evolution process of earthquake, what’s more, it can
promote level of seismic hazard assessment and seismic prediction. There are still many factors affecting seis-
mic activities but heterogeneity is an important factor.

Static models are simulated in this paper for spatial migration and time course of earthquake and results only
show some characteristics of seismogenic system. If we can build a complex tectonic region model made up of
different scale, strike, dip and heterogeneity for fault zone, considering a relationship between stress and crack
propagation velocity [26] and a rate- and state-dependent friction law, we will get better results from simulating
dynamic process.
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