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Abstract—This paper is a part of the study on the rupture propagation and seismic wave emission during the 
movement along the fault, whose fracture surface in different regions is made of geomaterials with different 
frictional properties. The slip surface of the fault is frictionally heterogeneous. It contains weakening zones 
(asperities), strengthening zones (barriers), and “background” zones that are almost neutral with respect to 
velocity and displacement. The scenario of a seismogenic rupture is determined precisely by the presence, 
number, and size of such zones with different dynamics of frictional characteristics. The study deals with the 
mechanics of supershear earthquakes, in which the rupture propagates with an unusually high velocity ex-
ceeding the shear wave velocity of the medium. Numerical simulation results confirm the existence of two 
different mechanisms governing the transition of an earthquake to the supershear regime. A model of the so-
called “weak” fault is considered, for which the rupture velocity continuously increases from the sub-Ray-
leigh velocity CR to the shear wave velocity Cs and quickly exceeds it without any jump. This scenario is ty-
pical for faults with the measure of strength S under 0.8. The solved problem is not only of fundamental im-
portance for understanding the earthquake mechanics, but also can find application in engineering seismo-
logy and the study of earthquake-induced rupture processes, because unlike an ordinary earthquake, super-
shear or fast ruptures cause strong shaking at a much greater distance from the source of the event (from the 
fault). This is confirmed by direct data on near-field ground motion obtained in recent years by research 
groups from different countries. 
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1. INTRODUCTION 

The investigation of rupturing during an earth-
quake is intended to bring us significantly closer to 
the understanding of the earthquake process. One of 
the important tasks is to study the mechanics of 
earthquakes with an unusually high rupture velocity 
Vr exceeding the shear wave velocity (Rayleigh wave 
velocity СR). Though the determination of the earth-
quake rupture velocity Vr is highly inaccurate, it was 
believed to average between 1100 and 3100 m/s. This 
is also consistent with the classical ideas [1, 2]. How-
ever, it is currently known that the velocity of propa-
gation of a rupture (primarily of a strike-slip (type II) 
fault) can exceed the СR value [3–8], which has long 
been considered the maximum possible crack velo-
city [1], and reach the compression wave velocity. In 
geophysical literature, such phenomena are referred 
to as supershear or infrasonic earthquakes. 

In the last few decades, considerable interest has 
been shown in this field. The problem is not only of 
fundamental importance for understanding the earth-
quake mechanics, but also can find applications in 
engineering seismology and the study of earthquake-
induced rupture processes. The fact is that, unlike an 
ordinary earthquake, supershear or fast ruptures 
cause strong shaking at a much greater distance from 
the source of the event (from the fault). Vibrations 
produced by a supershear earthquake are much richer 
in higher frequencies [3, 6] because, in the train of 
shear waves at the formed flat fronts, similar to Mach 
fronts, the amplitude of ground vibrations decays 
much more slowly than during “normal” sub-Ray-
leigh ruptures [9]. The described earthquake scenario 
increases the risk of such events: they are potentially 
more destructive than other earthquake types and 
should be taken into account, for example, when pre-
dicting/estimating peak ground accelerations [10]. 
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Along with indirect evidence based on the seismic 
data analysis [2, 3, 10, 11], there are direct data on 
the near-field ground motion, which confirm that the 
earthquake reaches the ultra-high velocity [12–15]. 
Thus, during the 2018 Mw 7.5 earthquake in Palu (In-
donesia), the high-frequency (1 Hz) GPS station re-
corded the particle velocity (≈1.0 m/s) parallel to the 
fault exceeding the shear wave velocity in the host 
medium (≈0.7 m/s) [16]. 

It is often reported that the sub-Rayleigh-to-super-
shear transition is controlled by the Burridge–And-
rews mechanism. This mechanism predicts the direct 
nucleation of a secondary crack (daughter crack) 
ahead of the front of the main crack where the shear 
stress reaches peak values [5, 17, 18]. 

However, the transition to the supershear regime 
is not always accompanied by the formation of a 
daughter crack. The numerical experiment on simula-
tion of another scenario of a supershear rupture, wi-
thout a secondary crack, will be detailed below. 

2. SUPERSHEAR EARTHQUAKES 

Until recently, supershear earthquakes have very 
rarely been studied. However, the analysis of a large 
number of events for which rupture characteristics 
were available finally confirmed that such fast rup-
tures were in fact much more common than recogniz-
ed before [19]. In most cases, the rupture velocity is 
estimated from low-frequency teleseismic observa-
tions, which makes it possible to estimate only the 
average rupture velocity during the process in the 
source. When the analysis of near-field records is 
available, seismological analysis methods can accu-
rately estimate the arrival time of high-frequency 
compression waves emitted by each fault segment. 
Consequently, inversion of seismic records received 
by several dense seismic networks can give fairly ac-
curate values of the rupture velocity. A highly detail-
ed determination of kinematic coseismic displace-
ments is possible based on the data from global navi-
gation satellite systems using remote sensing techni-
ques. As a result, it was convincingly demonstrated 
that different fault segments can rupture at different 
velocities, and a part of the rupture can propagate 
faster than the shear wave velocity of the host rocks 
(e.g. [2, 7, 10, 12, 13, 20]). At the same time, it was 
noted in [7] (and repeatedly confirmed by the subse-
quent estimates) that supershear earthquakes occur  
 

predominantly during strike-slip faults (as opposed to 
thrusts and dip-slip faults).  

Thus, the authors of [2] analyzed data on 96 earth-
quakes with magnitudes Mw from 6.4 to 8.1 and re-
vealed that 23 events had the average rupture velo-
city in the range from 3100 to 4500 m/s. The analysis 
of 86 earthquakes with the magnitude Mw ≥ 6.7 made 
in [20] showed about 12 supershear events with rup-
ture velocities from 4500 to 6200 m/s, including four 
oceanic earthquakes. In the past decade, a number of 
strong earthquakes were classified as supershear 
earthquakes. Among them is the 2008 Mw 7.9 earth-
quake in Wenchuan (China) [21], 2013 Mw 6.7 deep 
earthquake in the Sea of Okhotsk [22], 2013 Mw 7.5 
earthquake in Alaska [23], 2018 Mw 7.5 earthquake in 
Palu (Indonesia) [16, 24], and Caribbean earthquakes 
(2018 Mw 7.5 and 2020 Mw 7.7) [20]. The data re-
corded during the 2021 Mw 7.4 earthquake in Qinghai 
Province, China allowed identifying the Mach wave 
generated by supershear rupture. The authors of [13] 
showed the asymmetry of rupture velocities and re-
corded the velocity about 3.67 km/s in one of the 
fault sections (3.8 km/s according to the data from 
[12]). 

A destructive series of earthquakes with the mag-
nitudes Mw 7.9 and Mw 7.6 occurred in 2023 in South-
eastern Turkey near the northwestern border of Syria 
were also classified as supershear events [14, 15, 25]. 
This probably predetermined a large-scale scenario, 
being unexpected based on the historical data and 
known tectonic conditions. All previous earthquakes 
had the magnitude range ~6.8–7.2, and none of them 
covered several segments of the East Anatolian Fault 
at once, unlike in 2023. Analysis of the near-field 
seismic records and development of dynamic inver-
sion models for a rupture point to spatially inhomo-
geneous velocities during the Turkish earthquake 
[14]. There is a dense network of ground motion sta-
tions in this region, and their data will certainly be 
carefully processed further: the earthquakes were re-
gistered by almost three hundred strong-motion sta-
tions [26]. However, primary analysis has already 
confirmed that the rupture that began on the feather-
ing fault reached the supervelocity before it caused 
an earthquake on the East Anatolian Fault [15]. 

Such estimation is important not only for the ana-
lysis of a specific catastrophic event, but also for as-
sessing the possibility of recurrence of a similar sce-
nario in another complex active fault system. 
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3. MECHANICS OF SUPERSHEAR 
EARTHQUAKES 

The mechanics of transition of an earthquake to 
the supershear regime is related to the presence of re-
gions with different frictional properties on the slip 
surface of the fault. A fairly detailed overview of the 
recent studies on sliding along faults was made in 
[27]. Here we only mention briefly the frictional he-
terogeneity of the slip surface, which includes weak-
ening zones (asperities), strengthening zones (bar-
riers), and “background” zones, which are almost 
neutral with respect to velocity and displacement [1, 
28–31, etc.]. The scenario of a seismogenic rupture is 
determined precisely by the presence of such zones 
with different dynamics of frictional characteristics. 
A dynamic rupture is always initiated in the weaken-
ing zone. Its velocity decreases in the background 
zone and increases again on meeting the next weak-
ening spot [32]. Strengthening zones can arrest slid-
ing. A necessary condition for transition to a super-
shear rupture is the presence of a sufficient number 
of stress concentration zones in weakening zones (as-
perities). Heterogeneity of the contact surface go-
verns the appearance of intervals of decrease and in-
crease in the rupture velocity. At each dynamic rup-
ture event, the fault sections that were previously dis-
placed during the creep process are repeatedly de-
stroyed. This increases the probability of supershear 
ruptures in older fault sections since the macroslip 
surface becomes smoother in mature faults: the cha-
racteristic sizes of zones with friction weakening pro-
perties increase, and the effective strength in these 
fault sections decreases [18, 27]. 

As already noted, the propagation of the so-called 
“daughter” crack has long been taken to be the main 
scenario of a supershear rupture [33]. In this case, the 
stress peak appears ahead of the front of the primary 
fault/crack, which gradually increases until the local 
strength of the fault is exceeded. As a result, a secon-
dary crack is formed, which is separate from the 
main fault. The leading front of the daughter crack 
begins as an unstable supershear rupture, which then 
rapidly accelerates into a stable supershear rupture. 
The trailing front quickly coalesces with the main 
rupture, turning the entire crack to a supershear one. 
The condition for occurrence of a supershear rupture 
is shear-induced weakening of the contact surface 
and a sufficient level of background stresses [33, 34]. 

Recent simulation results point to an alternative 
way of passing to a supershear rupture. The special 
feature of this scenario is that the rupture immediate-
ly turns to the supershear regime, without the stage of 

formation of a daughter crack. Such a scenario has 
not been studied before since it was believed that the 
propagation of a stationary singular crack in the 
range between the Rayleigh and shear wave veloci-
ties was theoretically impossible. However, today it 
is known that, in most cases, the rupture front 
smoothly but very quickly achieves the velocity 
range [СR, Сs] (the former “forbidden” velocity re-
gion) [6, 17]. 

To trace such rupture evolution from sub-Ray-
leigh to compression wave velocities, we carried out 
numerical experiments, which will be discussed be-
low. 

4. CALCULATION METHOD 

The problem of rupture propagation along a mo-
del fault between the two infinite half-spaces was 
solved in a two-dimensional formulation. The fault 
was modeled by pure shear propagating along the 
contact plane between the two homogeneous blocks. 
Calculations were performed using a two-dimensio-
nal software package based on the Lagrangian nume-
rical method “Tensor” [35]. The equations describing 
the motion and stress state of a solid in the Cartesian 
coordinate system have the form 
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where t is the time, x, y, and z are the coordinates (the 
x and y axes lie in the plane of symmetry of the prob-
lem, and the z axis is perpendicular to this plane), ρ is 
the density, vx and vy are the components of the velo-
city vector v, g is the gravitational constant, P is the 
pressure, sij is the stress tensor deviator, ije  is the 
strain rate tensor deviator, ε is the specific internal 
energy, and d/dt is the Lagrangian time derivative: 

d
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The system of equations of motion is closed by 
stress–strain relations. 

The influence of the gravity field and the related 
lithostatic stresses, as well as strength characteristics 
of the geomaterial, is given no consideration. There-
fore, the block material is described by the relations 
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of ideal elasticity, and the gravitational constant g in 
the system of Eqs. (1) is set to zero. 

Within the Lagrangian approach, the process of 
shear deformation of discontinuities is studied by 
specifying a special boundary condition at the block 
contact, namely, a slip contact boundary. In this case, 
the tangential stress tensor components at the contact 
boundary are determined using the model of shear 
deformation of the block contact selected for the cal-
culation of this boundary section. 

The field of homogeneous shear stresses σxy = τ0 
was set as the initial conditions in the blocks. The he-
terogeneous slip surface was modeled by alternating 
zones of two types: zones characterized by rapid fric-
tion weakening of the contact during shear (FW, fric-
tion weakening), and passive zones, i.e. zones of 
background stress τ = τ0 with a constant shear resis-
tance (FS, friction stable). This is the case in many 
tectonic conditions, when during the “interseismic” 
period, potentially active zones (asperities) are fixed 
and have zero displacement, and passive zones are in 
the state of slow creep [18, 27]. Friction in the velo-
city weakening zones was specified by the relation 

 ( ) sgn , 0,
u u

T u
t t
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u is the relative displacement of the fault sides, τu is 
the peak frictional strength, τf is the residual frictio-
nal strength, and d0 is the sliding weakening ampli-
tude (the displacement at which friction decreases 
from the peak to residual value). During stable slid-
ing, shear stresses at the contact are always equal to 
τf. 

The length was normalized by using the parame-
ter Lc corresponding to the critical half-length of the 
Griffith crack (the fault propagation is symmetrical): 

c 2
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Here λ and µ are the Lamé coefficients, G = 1/4(τu – 
τf)d0 is the effective energy of crack formation, and τ0 
is the background shear stress. 

The model parameters were set as follows: den-
sity ρ0 = 2.992 × 103

 kg/m3, Poisson’s ratio ν = 0.25, 
longitudinal wave velocity Cp = 6 km/s, shear wave 
velocity Cs = 3.46 km/s, and Rayleigh wave velocity 
CR = 3.18 km/s. The friction model parameters were 
τf = 55.2 MPa and d0 = 48 mm. Background stresses 

were set to τ0 = 73.8 MPa, and the parameter τu de-
pends on the parameter S given by 

 u 0

0 f

.S
  


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 (3) 

As can be seen, the parameter S is the ratio of the 
stress that should be accumulated to achieve the peak 
frictional strength to the stress drop. In fact, S is a di-
mensionless measure of the fault strength, by which 
it is convenient to characterize the stress state of the 
contact. From (3) it is easy to see that the lower the 
ratio f u   (the more “brittle” the fault), the lower 
the average stress 0 u   at which the transition to a 
supershear rupture can occur. In our calculations, the 
parameter S varied in the range 0.4 < S < 0.8, i.e. we 
studied relatively “weak” faults as compared to the 
range 0.8–0.9, which falls within the interval 
0.8 ≤ S < 1.8 of “strong” faults (calculations for this 
interval were made in [18]). At S ≥ 1.8, the rupture 
velocity remains below the Rayleigh wave velocity, 
and no transition of the fault to the supershear regime 
occurs [9, 17, 18, 33, 34]. 

Further, all characteristic sizes and times will be 
given in relative units: length L̂= L/Lc and time t̂ = 
tCs/Lc, respectively. The size of the computational 
domain ̂  varied from 120 × 120 to 180 × 180 in dif-
ferent calculations. A uniform computational grid 
with the cell size l̂ = 0.015 × 0.015 was used. 

In accordance with the recommendations of [33], 
the crack propagation in a small region 0̂L  of the mo-
del fault (the parameter 0̂L  was chosen equal to 4) 
was initiated by setting a stress drop propagating at 
the velocity Vr0 = 0.6Cs. For this purpose, the grid po-
int was artificially assigned a displacement 10% hi-
gher than the threshold value u0, at which friction 
reaches the background stress τ0. Calculations show-
ed [18] that the stress drop zone should be of suffici-
ent size; at 0̂L  ≤ 3, the rupture process is arrested in 
the immediate vicinity of the initiation site. 

5. CALCULATION RESULTS 

5.1. Homogeneous Contact Surface  

In this series of calculations, the fault was model-
ed as a homogeneous contact surface between two 
blocks. Let us consider “dynamic” stresses arising 
during the propagation of the simulated rupture, wi-
thout taking into account background shear stresses 
τ0. Figure 1 shows the spatial distribution of shear 
stresses σxy at the initial stage of the supershear rup-
ture propagation ˆ( 15.1,t   S = 0.4, τu = 81.24 MPa).  
 



ONE OF THE SCENARIOS FOR SUPERSHEAR EARTHQUAKES 
 

PHYSICAL MESOMECHANICS     Vol. 27     No. 4    2024 

421

 
Fig. 1. Spatial distribution of shear stresses σxy at the ini-
tial stage of the supershear rupture propagation ˆ(t = 15.1, 
S = 0.4). The x axis lies in the contact plane, and the y 
axis is perpendicular to this plane (color online). 

 
A small zone of increased shear stresses is identified 
near the rupture front (Fig. 1). Analysis of the velo-
city vector fields shows that this zone is associated 
with the characteristic vortex motion of the medium. 
It is in this zone that the rupture starts, regardless of 
the further regime of its propagation. 

Within the used friction model, differential mo-
tion along the fault is initiated under the condition 
[18] 

 u 0 .xy        (4) 

In the sub-Rayleigh regime, condition (4) is satis-
fied only at the shear wave front: the moment of ful- 

 

 
Fig. 2. Spatial distribution of the velocity component 
vx (1) tangential to the interface, tangential σxx (2) and 
shear σxy stress tensor components (3), and parameter 
F (4) over the contact surface near the rupture initiation 
site at the time t̂ = 76 (color online). 

fillment of this condition will be called the “differen-
tial motion start”. It is at this moment that the rupture 
begins to form. 

The start of differential motion is illustrated in 
Fig. 2. It shows the distributions of the tangential ve-
locity component ux, tangential σxx and shear stress 
tensor components σxy on the contact surface near the 
rupture initiation site (compressive stresses σxx are 
thought to be positive). The dashed line in Fig. 2 
shows the variation in the parameter F(x) = (Δσxx(x) – 
σxy(x)) – (τu – τ0), where Δσxx is the difference in the 
tangential stress tensor components in neighboring 
cells of the computational grid at the slip boundary. 
The first term in the relation for F(x) represents the 
total dynamic shear stress acting on a boundary point 
of the computational grid, and the second is the thre-
shold stress that should be exceeded for differential 
motion to start. Thus, the transition of the function 
F(x) from F(x) < 0 to F(x) > 0 is a condition for the 
beginning of differential motion, i.e. start of a rup-
ture. Calculation data show that the main contribu-
tion to the necessary level of dynamic stresses for the 
rupture start is made by shear stresses σxy (~80%). 

Hodographs of the starting moments of differen-
tial motion by the criterion u = 0.1 m/s are shown in 
Fig. 3. Dependences of the rupture start velocity Cf 
on the distance at different parameters S are shown in 
Fig. 4. Two types of transition are clearly distinguish-
ed for high and low S. At S < 0.8 (curves 1–3 in 
Fig. 4), a direct transition from the sub-Rayleigh to 
supershear rupture occurs: once started, the rupture 
gradually accelerates, smoothly passing through the  

 

 
Fig. 3. Hodographs of the differential motion start at dif-
ferent strength parameters of the fault S = 0.5 (1), 0.6 (2), 
0.7 (3), 0.8 (4), 0.85 (5), and 0.9 (6). The dashed lines 
show the hodograph slopes for the longitudinal, shear and 
Rayleigh waves (color online). 
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Fig. 4. Variation of the rupture start velocity with dis-
tance at different strength parameter of the fault S = 0.5 
(1), 0.6 (2), 0.7 (3), 0.8 (4), 0.85 (5), and 0.9 (6) (color 
online). 

 
velocity range CR < Cf < Cs, previously considered 
“forbidden”, and approaches the longitudinal wave 
velocity Cp. Moreover, the compression wave velo-
city is achieved in a very short time. At S ≥ 0.8 (cur-
ves 4–6 in Fig. 4), the transition from the sub-Ray-
leigh to supershear regime is accompanied by a sharp 
jump in the rupture velocity, which is caused by the 
nucleation of a “daughter” crack [17, 18]. 

5.2. Heterogeneous Slip Surface 

The next series of calculations were made to si-
mulate the sliding process along a heterogeneous 
contact. The heterogeneity was formed of zones with  
 

different types of frictional properties in accordance 
with (2): with weakening (FW, S = 0.6) and with con-
stant shear resistance equal to the background stress 
τ = τ0 (FS). The slip surface was modeled by alternat-
ing velocity-weakening zones of length Lasp and sta-
ble zones of length Δx. The heterogeneous surface 
begins at the coordinate ˆ 10.x   The size of FW 
zones was constant and was set to asp

ˆ 7.L   The pa-
rameter aspx L    was taken as a dimensionless 
characteristic of the heterogeneous slip surface, 
which characterizes the ratio of FW to FS zones: the 
higher the parameter δ, the lower the fraction of 
weakening zones (asperities). 

The differential motion of the fault sides in the FS 
zone starts at the longitudinal wave velocity. Since 
friction is always fully mobilized in these zones at 
τ ≥ τ0, no additional frictional resistance arises in 
these zones during sliding acceleration initiated by 
the dynamic action. Consequently, a weak longitudi-
nal wave propagating along the fault with the 
strength insufficient to move the locked FW zone 
causes sliding in FS zones. When analyzing hodo-
graphs (Fig. 5), one should keep in mind the comple-
tely different response of FW and FS zones of the 
fault to the rupture propagation. 

Rupture propagation in the FS zone is not accom-
panied by the release of elastic energy stored in the 
block, and, therefore, the seismic wave associated 
with the rupture gradually attenuates. If such a rup-
ture meets another FW zone with a higher frictional 
strength, the rupture can be arrested. This is the only 
mechanism of rupture arrest within the used model. 
At small S, the tensile strength is low, and the influ- 

 

 

Fig. 5. Hodographs of the differential motion start: a—δ = 0 (1), 0.2 (2), and 0.5 (3); b—δ = 0 (1), 1 (2), and 2 (3); c—δ = 0 (1), 
2 (2), and 2.5 (3) (color online). 



ONE OF THE SCENARIOS FOR SUPERSHEAR EARTHQUAKES 
 

PHYSICAL MESOMECHANICS     Vol. 27     No. 4    2024 

423

 

Fig. 6. Hodographs of the differential motion start. 
Ĥ = 0 (1), 0.3 (2), 0.75 (3), 1.5 (4), and 2.3 (5) (color 
online). 

 
ence of heterogeneity in the considered range of pa-
rameters is weak. As S increases, this influence 
grows rapidly. Thus, in the case S = 0.8, the rupture is 
arrested already at δ = 2.5 [18]. 

5.3. Interface with the Weakening Zone 

Another series of calculations was aimed at simu-
lating a rupture along the contact surface with the 
fracture zone. Unlike the previous calculations with 
velocity-weakening zones, this model assumes a 
spontaneous initiation of a rupture, which propagates 
at a constant prescribed rupture velocity Vr = Vinit. 

In this case, use was made of the simplest fault 
model, which presents a homogeneous zone of weak-
ened rock of thickness Hj, with the slip plane in its 
center. The host rock parameters were the density 
ρ0 = 2.992 × 103

 kg/m3, Poisson’s ratio ν = 0.25, and 
longitudinal wave velocity Cp2 = 6 km/s. The rock pa-
rameters in the weakening zone were ρ0 = 2.5 g/cm3, 
ν = 0.25, Cp1 = 3.35 km/s, and Cs1 = 2.5 km/s. The pa-
rameter S = 0.6. The size of the weakening zone vari-
es in the range Ĥ = 0.3–2.3. 

In the presented series of calculations, the rupture 
velocity ultimately reaches the longitudinal wave ve-
locity in the block Cp2. Moreover, the larger the 
weakening zone Hj, the farther this occurs from the 
point of initiation of the rupture. At Ĥ > ~1.2, the 
rupture quickly passes first to the supershear regime 
in the near-fault zone of weakened rock, and then 
gradually accelerates to the longitudinal wave velo-
city in the host block. Due to this, in the initial sec-

tion (sections up to x̂  ~ 50 in Fig. 6), the rupture can 
propagate faster along the fault with a wider weaken-
ing zone than along the fault with a smaller weaken-
ing zone (Fig. 6). 

6. CONCLUSIONS 

The numerical experiments confirmed the exis-
tence of two different mechanisms that control the 
transition to the supershear regime, in which the rup-
ture velocity exceeds the velocity of the generated 
seismic shear waves. In most cases, the transition to a 
supershear rupture occurs due to the rapid but smooth 
acceleration of the main adhesion zone. The simula-
tion results on this process were discussed. In some 
cases, the transition occurs due to the temporary for-
mation of a secondary adhesion zone in front of the 
main crack, which quickly coalesces with the pri-
mary adhesion zone. Calculations of this scenario 
were presented in [18]. 

The parameter S, which can be called a measure 
of the fault strength, allows a numerical characteriza-
tion of the stress state of the contact [17]. 

In the calculations, the main attention was paid to 
rupture scenarios at the parameter S in the range 
0.4 < S < 0.8, which corresponds to the so-called 
“weak” faults. The results demonstrated that, at such 
values of the fault strength measure S, the rupture ve-
locity continuously increased from the sub-Rayleigh 
to shear wave velocity and quickly exceeded it with-
out any jump: the fault smoothly passed to the super-
shear regime. 

For relatively “weak” faults, the transition to the 
supershear regime occurs soon after its initiation. 
However, for “strong” faults with the parameter S in 
the range 0.9 ≤ S ≤ ~1.77, the transition to the super-
shear regime takes rather more time: first, a daughter 
crack is initiated, the velocity of which exceeds the 
range of the Rayleigh wave velocity to the shear 
wave velocity, and the mother crack continues to 
propagate at a velocity below the Rayleigh one and 
only then coalesces with the daughter crack [18]. 

The calculations demonstrated that the parameter 
S ≈ 1.8 was maximum possible for the implementa-
tion of a supershear sliding regime along the fault. 
Above this value, the rupture scenario is typical of 
the usual sub-Rayleigh regime, and the normal velo-
city component of the medium displacement prevails 
[18]. 

It is very important that the results of such simula-
tion for nonstationary spontaneous ruptures are in no 
conflict [17] with the classical theoretical solutions 
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for singular stationary cracks [1, etc.], which stated 
the presence of a “forbidden” region of rupture velo-
cities. It is obvious that the velocity region [СR, Сs] is 
very unstable for nonstationary ruptures: it is very 
quickly exceeded by the tendency to the compression 
wave velocity Cp. Ultimately, the only possible rup-
ture velocity is either the compression wave velocity 
for relatively weak faults or the Rayleigh wave velo-
city for relatively strong faults. 

Like any simulation, the above calculation prob-
lem was solved based on a number of assumptions. 
The use of two-dimensional calculation, linear law of 
sliding weakening, and plane model of the fault zone 
significantly simplified the rupture process. How-
ever, the analysis of even such idealized model sce-
narios of sliding along a fault reveals key details of 
the origin and development of large earthquakes and 
thus significantly improves the understanding of spe-
cial features of propagation of dynamic ruptures and 
emission of seismic waves. 
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