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ABSTRACT

In connection with conversion from energy class Kz (K, =log,E, , where Ezr—seismic energy, J) to the universal
magnitude estimation of the Tien Shan crustal earthquakes the development of the self-coordinated correlation of the
magnitudes (mp, My, M) and Ky with the seismic moment M, as the base scale became necessary. To this purpose, the
first attempt to develop functional correlations in the magnitude—seismic moment system subject to the previous stud-
ies has been done. It is assumed that in the expression M (m,,M,,M )=k, +z,log,, M, , the coefficients k; and z; are

controlled by the parameters of ratio logt, =a, +b, log,, M, (where ¢, = f;"'; fo—corner frequency, Brune, 1970,

1971; My, N-m). According to the new theoretical predictions common functional correlation of the advanced magni-
tudes M,, (myp,, = my, My, = M;, M, = Ms) from log;oM,, logoty and the elastic properties (C;) can be presented as
M, =d log,,M,-2log,t, +C,, where z,=d,—2b,, and k, =C,—2a,, for the averaged elastic properties of the
Earth’s crust for the m,,, the coefficients C; = —11.30 and d; = 1.0, for M;,,: C; =-14.12, d; = 7/6; for Ms,,: C;=—-16.95
and d; = 4/3. For the Tien Shan earthquakes (1960-2012 years) it was obtained that log,, ¢, = 0.22log,, M, —3.45, and
on the basis of the above expressions we received that Mg, = 1.59m,,, — 3.06. According to the instrumental data the
correlation M = 1.57m,, — 3.05 was determined. Some other examples of comparison of the calculated and observed
magnitude—seismic moment ratios for earthquakes of California, the Kuril Islands, Japan, Sumatra and South America
are presented.
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1. Introduction M, based on the following findings:

1) proportional magnitudes and the maximum ampli-
tude of seismic vibrations [1-3];

2) the statistical dependencies of the average magni-
tude of displacement along the fault u [7-12] and u func-
tional relationship with the seismic moment, the shear
modulus i and the gap area S [13-14];

3) functional relationship corner period ¢, =f;"'s
with M,, the source radius ry, speed S—wave vg and
static stress drop Ao [15,16], as well as the similarity of
the angular frequency f; with a fundamental frequency of
the acoustic Debye [17] fp, depending on the amount of
source and the elastic properties of the geophysical me-
dium [18].

In world practice, seismological research in assessing the
scale of earthquakes magnitude scale of Gutenberg and
Richter [1-3] is fundamental. In the countries of the for-
mer Soviet Union has been used scale independent en-
ergy class Kz, defined as the logarithm of the seismic
energy FEpg, highlighted by an earthquake, measured in
joules (Kr = logoER, [4-6]).

For crustal earthquakes Tien Shan when considering
the transition to magnitude scale was necessary to de-
velop a self-consistent system of quantitative relation-
ships that justify numerous empirical relationships body-
wave magnitude m,, local magnitude on surface waves
M, surface wave magnitude for My and Ky from seismic

moment M, (N'm), as the reference scale. In connection
with the above purpose is to study the quantitative rela-
tionships m,, M;, Mg and energy of seismic radiation Eg ¢

Copyright © 2013 SciRes.

Our further quantitative construction is based on the
following empirical relationship Gutenberg and Richter
[3,12]:
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10g,0 Egp = Ko = 4.8+1.5M (1)
Mg =1.59m, —3.97 )
log,, 7, = 0.32M, —1.4 3)

where Egg—seismic energy according to Getenberg and
Richter, J; t,—fluctuations with a maximum duration of
vibration speed 4/7T in the near field (4—amplitude, 7—
period), s.

Use the following generalization of Soviet seismolo-
gists, which were introduced scale energy class Kz [5],
the magnitude of surface waves My (IC device) and
body waves mpy on device SCM [4,9]:

log,, Ey =K, =4.0+1.8M,, (4)
log,, £, = 0.35M,, —1.4 ©)
m, =5.53+0.45(K, —14) (6)
myy = 0.35log,, M, —2.75 )

where Er—seismic energy according to [5], in J; Kz =
logoER; t,—increase the maximum duration of the seis-
mic intensity in the near field, in sec.

The basis of the theoretical constructs are the follow-
ing functional relations [10,13,15,16,19]:

My=pu-S-u=(16/7)Ac-r;

=(16/7)(2.35/2n)’ Ac V2 -1, ®
Eg =(Ac/2u)M, )
ry = (2.34/21) v, -1, (10)
M,, =(2/36)log,, M, —6.07 (11)

where rg—radius of the source, in M; Ao—static seismic
stress drop, in Pa; #—corner period, s; My—moment
magnitude; (Egx, in J; My, in N'm; © in m; vy in m/s); for
the constructions made #, = t, = ¢,,.

Many generalizations proved that for a wide range of
changes logM, or My, empirical correlations magnitude
my, My and Mg from Mjare non-linear, as in Equation (8),
as a function of M ~ f (t(;’) value of n varies from 3 to
6, and is increase Ao [7,12,20-24].

However, for individual intervals M, or My commu-
nication between magnitudes relationships and depend-
encies of the magnitude log;oM, can be represented as
linear relationships.

2. Justification Relations
Magnitude—Seismic Moment

Based on the original definition of magnitude on Richter
[25], under which the numerical value of the earthquake
magnitude is proportional to the logarithm of the maxi-
mum oscillation decimal 6,, expressed in microns

Copyright © 2013 SciRes.

(10°m), it is assumed that an upgraded body-wave mag-
nitude m,, (equivalent my, mpy ) is (considering doubling
6, on the ground at the focus):

m,, =log, 6, +63=log, u+6 (12)

If S=mnr; in (8) on the basis Equations (9) and (10)
and Equation (12) value my,, equal (M,, N'm; z,, s; u, Pa;
v, M/s):

my,, = C, +log,, M, —2log,, 1, (13)

where C, =log,, [271(2.34)_2 u v |+6.3, value C
determines the springiness of the geophysical environ-
ment at mpp,.

Based on generalizations Christensen [26,27] for the
crust taken: average density

p =2830 kg/m’, v¢ = 3600 m/s and
U= p-vé =36.7 GPa in what follows, these quantities
p, vyand u taken as the standard.

When these elastic parameters of the geophysical me-
dium expression Equation (13) is transformed to the fol-
lowing form:

m, =log,, M,—2log,, t,—11.30

14
=1/3log,, M, +2/3log,, Ao —4.80 (19)

Seismic energy radiation Eg by Kanamori [19], based
on Equations (8) and (9) and Equation (13) is:

logyy Egy = Koy =C, +2log,, M, —3log,, 1, (15)

=C,-C,+2m,, +log, ¢,
where C, =log,, [7-@ 47(234) 7 oy

Taken for the “elastic parameters and subject [19].

Eg /M, =Ac/2u=5x10" obtain: Ag = 3.67 MPa and
36.7 bar and the expression Equation (8) can be rewritten
in a simple form log;oty = 1/3log;oMy — 5.43, then Equa-
tion (15) simplifies to:

K¢ =2log,, M, —3log,, t, —20.61

(16)
—1.5M,, +4.8=3m,, -3

On the basis of Equations (13)-(16), reflecting the
functional relationship of Eg from M,, ¢, m;, and u at
Egr = Egi introduced upgraded the magnitude of surface
waves Mg, (equivalent of Mg, My), while maintaining
that the formula Equation (1) Gutenberg and Richter
[2,3], with Equation (9), Equations (15) and (16) will be:

Mg, = (4/3)10g10 M, -2log,, 1, + Cs
=2/3(log,y M, +log,y Ac)—10.45=(2/3) Ky —3.2
(17)

where Cg =(2/3)C,-3.2.

Taken for p and vg Cs value in Equation (17) is equal
to Cs=-16.95, and for the special case of Ao =3.67 MPa
= const and Eq/My =5 x 107° equality: M, = My.

We also introduce a modernized local magnitude on
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surface waves M;,—equivalent M, [18,28], functionally
interconnected with log,oM,, logt, Ksk, m;, and M,

M,, =0.5(m,, +Mg,)=(7/6)log,, M, —2logt,+C,
=0.5log,, M, +2/3log,, Ao —7.62
(18)

where C; = 0.5 (C; + Cs): for standard values p and vg
value C; is equal: C; =—-14.12.

Accepted values for p and vg by Equation (8) and
Equation (9) the following relationship:

log,, Ao =log,, M, —3log,,t, —9.74 19)

With the standard values p, vy and Ao = 3.67 MPa,
based on Equation (14) and Equation (17) we obtain the
following theoretical relation:

m,, =2.60+0.5M, (20)

which is within the accuracy of the definitions of the
same magnitude satisfactory empirical relation refined
body wave magnitude 1, of My for large earthquakes
[19,29] (m, > 6):

i, =2.70+0.53 M,, @1

which were used m, to calculate the true maximum
oscillation amplitude A, taken from seismograms;
Ag - f(Mg'SS).

Here 1t should be emphasized that at a constant value
of Ao Equation (12) and Equation (14) the value of the
maximum amplitude 6, is proportional to M})ﬁ or
6, ~ f (M), that closely coincides with
A, ~f MJ*) on[19,29].

In the sequel will be shown m,, ~m,.

Equation (20) agrees satisfactorily with other empiri-
cal relationship [9]

(mpV: my + 018)

My, =2.86+0.525M,, (22)

The above quantitative ratios indicate that between
modernized magnitudes

M, (mpy, My, Ms,) and log; oM, may exist linear
functional relationship of the form:

Mm(mbm’M MSm)zki+Zi log,, M, (23)

Lm>

in which the coefficients k; and z; at the control parameter
a, and &, in the ratio:

log,, 1, = a, +6,log,, M, (24)
where Ao = const = 3.67 MPa ¢, = 1/3 = const and a,=
—5.43, but for other cases 6, is not a constant.

In view of Equations (23) and (24) correlations Equa-

tions (14), (17) and Equation (18) for my,,, M, and M;,,
(standard values p and vg) can be written as follows:

my,, =(1-26,)log,y M, —2a, —11.30 (25)

Copyright © 2013 SciRes.

Mg, =(4/3-26,)log,, M, —2a, —16.95 (26)
M,, =(7/6-26)log,, M, —2a,-14.12  (27)

which provide a self-consistent system of semi empirical
inter magnitude dependencies. For example, the depend-
ence of m, from Mj, based on Equations (25) and (26)
can be expressed as:

m, = 1-2¢ (Mg, +2a,+16.95)-2a,-11.30  (28)

bm 4/3 _ 26, Sm t . t .

which is 6, = 0.33 and a, = —5.43 ransformed into simple
formula Equation (20).

3. Discussion of Empirical and Theoretical
Relations Magnitude—Seismic Moment

Local magnitude—seismic moment. Since the value of
the local magnitude is directly related to the maximum
oscillation amplitude of the surface waves and the first
inter magnitude connections [2,3] have been developed
for California earthquakes, relations M; — logt,M,
consider according to Thatcher and Hanks [30] in this
region (2 < M; < 6.8).

For this region, the authors have taken p = 2700 kg/m’
and vg = 3200 m/s, and by (13) and (17) a constant values
will be: Ci= —11.09, Cs = —16.5, C; = —13.72. With
known p, v, Acl2u = 5 % 107 between logoty and
logoMy would expect the following relationship:
log,ot, =(1/3)log, M, —5.34, but the instrumental data
obtained (Figure 1, N—the number of data, —correla-
tion coefficient):

l0g,o o = 0.25(+0.03)log,, M, —3.90(+0.43)  (29)

i.e. in accordance with (19) with increasing values of
MylogoAo increases:

log,, Ao =0.25log,, M, +2.12 . Therefore, for the
considered data characteristic dependence M, ~ f (tg ),
said Nuttli [12] for mid-plate earthquakes.

If true theoretical Equations (13), (17) and (18), then

log,t, 2

t,, sec
1 T
9 ﬁﬁl
9 i

12 13 14 15 16 17 18 19 20
logwM0 (MO, N-m)

Figure 1. Correlation of log;yf, from log,;yM, for Southern
California earthquakes according to Thatcher and Hanks

[30] (log,t, = 0.25(+0.03)log,, M, —3.90(£0.43) , N = 138, r
=0.84).
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Equation (29) and the relationship between M;,, and
logoty is given by:

log,, , = 0.37M,, —1.68 (30)

which is in good agreement with the expression (3)
Gutenberg and Richter [2] and Equation (5) Soviet seis-
mologists [31] which allows to consider #,= t,= 1,

In Figure 2 shows the correlation log;of, and M; ac-
cording to Thatcher [30], which also shows the relation-
ship Equation (3) and Equation (30). The presented data
show that the semi-empirical formula Equation (30) is in
good agreement with generalizations instrumental data
(Figure 2). It should also be noted that the M; = M,
based on Equation (3) Gutenberg and Richter [2], and

log, t, 5

63

Equation (18) can be obtained

log,, t, =0.23log,, M, —3.53 (31)

which is in satisfactory agreement with the expression
(29).

In Figure 3 in the range of 0.5 < M, < 6.8 shows the
correlation ratio Mj, of M; for Southern California
earthquakes [30], South-West Germany [32] and Central
Japan [33]. In calculations M}, by Equation (18) for the
earthquakes in these regions were considered elastic pa-
rameters of the geophysical medium according to these
authors. The statistical data confirm the validity of our
assumptions on the possible equality M; and M, (Fig-
ure 3).

t,, sec

T T
log,t, =0.37- M, - 1.68

log,gt, = 0.33- M, - 1.39

log, t, = 0.32° M, - 1.40
(Gutenberg, Richter; 1956a)

+

7
M, M,

Figure 2. Correlation of log;t, from M; for Southern California earthquakes according to Thatcher and Hanks [30], full line:
log, ¢, = 0.33(£0.05) M, —1.39(+0.23), N = 138, r = 0.84. Dashed line—log,,7, =0.32M, —1.40 by Gutenberg and Richter

(1956a); dot-dash line—dependence log;, from M;,,, obtained from correlation log,¢, from log,(M, (Figure 1).

7

T
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Fa \
2
5 ; UA%A
o 2N
o ot 7
4 g] g o A —Southern California
M, : &

p 00 L ZAART |

3 o= A T
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14
/
0
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Figure 3. The ratio of calculated M;,, and instrumental M, for Southern California earthquakes by Thatcher and Hanks [30],

South-West Germany (Scherbaum ez al. 1983) and Cental Japan (Jin ef al., 2000). M,

384, r = 0.94; dashed line M;,, = M;.
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=0.9(£0.03) M, —0.28(0.05), N =

m
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From numerous publications on nonlinear relations
log0My — M, acceptability of new assumptions consid-
ered on the basis of Hasegawa [34] for earthquakes in
Eastern Canada. In the range 0 < M; < 6.3 are two of the
interval 0 < M; < 3.9 and 3.9 < M; < 6.3, which have
different dependencies on log;ofy of M, and log,M, from
M, [34].

For the first group of small earthquakes characterized
by the following relationship (10° < Ao < 10° Pa):
log,, t, =0.18log,, M, —3.14, but for another group (10°
<Ac<5x10°Pa): log,t, =0.28log,, M, —4.54.

On the basis of these empirical formulas for Equation
(18) and Equation (24) with C, =—14.21 (p = 2800 kg/m’
and v, = 3800 m/s) Figures 4 and 5 shows the calculated
dependences of logif, from M;,, and log,\M, from M,
which in satisfactory agreement with the relations log;ofto—
M, and log¢M, — M, (Figures 4 and 5) by Hasegawa
[34].

Finally, for the Southern California Earthquake Equa-
tion (18) and Equation (29) we can obtain the following
relationship: M, =0.67log,, M,—5.92, which coin-

cides with the ratio of [30]:

M, =0.67log,, M, —6.0 (32)

According to Equations (23) and (24) and Equation
(27) if 6, = 0.25 we get z, =7/6-26, =0.67 , which in-
dicates the acceptability of the proposed relations.

From Equation (32) it follows that b, = 0.25 in Equa-
tion (24) the values of M; and M;,, magnitude M), corre-
sponds to Equation (11). Probably, the presence of the
form Equation (29) between logf and log;,M, explains
equality M; = My for earthquakes with My, < 7.0 North-
West Europe [35], New Zealand [36], western Canada
[37] and about Taiwan [38].

3.1. Ratio m, — log;oM,: Design and Data Tools

As in the case of search based M; — log;oM,, for body-
wave magnitude m, consider empirical relationships
According to Zapolsky [31], Gutenberg [1], specifi-
cally examining the relationship between the energy of
focal radiation and earthquake magnitude according to

log, t, 1.0
1, sec log t,=0.5-M, -235(Hascgawa, 198/3)
05 //
s
0 e
05 o log t,=0.46-M, -2.17
5]
"1
M= Tlog, t, = 0.18-M, - 1.27(Hasegawa, 1983)™]
sl 108y =022-M,, - 137 | J | 1 | _ |
05 10 15 20 25 30 35 40 45 50 55 60 65

M, M

Lm

Figure 4. Correlation log;t, from M; (full line—Hasegawa [34] and from calculated M;,, (dashed line, see the text) for East

Canada earthquakes.

log M, 19
M, N-m y y /
S
log M =845+1.65 /
17 og M, =845+165M, | o}
7
16 N/
// /TN
5 A2 log M, =705+ 185 M,
A / (Hasegawa, 1983)
14 Py
, '~
/%\
13 A log M, =10.60 +0.94 M,
v (Hasegawa, 1983)
12 - 1
" e - log, M, =9.83 + 124 M,
05 10 15 20 25 30 35 40 45 50 55 60 65

M, M,

Figure 5. Correlation log,,M, from M; (full line—Hasegawa [34] and from calculated M}, (dashed line, see the text) for East

Canada earthquakes.
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the observations in the epicentral area, showed that the
duration f,, determine the energy of the oscillations with
the maximum intensity depends strongly on the magni-
tude and 2.5-fold increases with increasing magnitude of
my on unit [31].

log,, t, =0.4m, —1.9 (33)

A little-known empirical formula Equation (32) Guten-
berg [1] is a key for further generalizations of our con-
structions on relations m, — log oM, and m, — M

On the basis of (13) and (29) with C; =—11.09, we can
get:

log,, ¢, = 0.5m, —2.26 (34)

Substitution log,, #, = 0.23log,, M, —3.53 in
Equation (31) into (13) leads to the following formula:

log,, t, =0.42m, —1.84 (35)

which is in good agreement with (33) provided m;,= my,,

Graphic expressions Equations (33)-(35) are shown in
Figure 6, from which it can be assumed about the close
convergence of these relations and the possible equality
my = my, (Figure 6). At equality mj, = mym—Dbased
Equations (13) and (33) for the standard p and vg can
obtain the expression:

log,, 7, = 0.221og,, M, —3.57 (36)

which is in good agreement with Equations (29) and (31),
which may indicate the consistency of our constructions
relating my,, my,,, M, M, and logot, with log;oM, for
earthquakes in California, despite the fact that the con-
clusions are based on statistical formulas in which the
correlation coefficients are not equal to unity (» = 0.75 -
0.90)

If we use the Equation (36), on the basis of Equation
(24) with g, = 0.22 and Equations (25) and (26) for the

log, t,
t,» sec I T I

log,{, = 0.50-m, -2.26

1 | T PL
log  t,=0.42-m, -1.84

s

/“'j/
e

0 i /’;./4/

- »
\/ - \
_ .;-‘ log,gt, = 040 -m,_-1.90

-1 W

e

r Gutenberd (1945)
2

2 3 4 5 6 7
Inb’ mbm

Figure 6. Correlation log o, and m, (full line), log;ot, and
my,, (dashed line, see the text).
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standard values p and vs, Mj,, dependence on m;,, can be
expressed as:
M, =159m, —3.20 (37)

which almost corresponds to the classical formula Equa-
tion (2) Gutenberg and Richter (19568) and for which the
equality Mg, = my, complied with M, = 5.40, which
coincides closely with generalizations Chen [7], Gusev
[9], Nuttli [12] and Utsu [24].

In Figure 7 shows the correlation of logety from
log;oM, for earthquakes in the world (1981-1991) by the
Catalogue Choy [39], for which the value of 7, was taken
from the Global CMT Catalogue. The ratio of logief
from log;oM, for these data is given by (Figure 7):

log, 7, = 0.30(£0.01)log,, M, —4.88(+0.01)  (38)

for which the range 17 < log oM, < 21 value of log;oAc
by Equation (19) increases from 6.60 to 7.10.
Substituting (38) in (13) leads to (C; =-11.30):

m,, =0.40log,, M, —1.54 39)
which agrees closely with the empirical formula:
my, = 0.22(£0.02)log,, M, +1.85(+0.02) (40)

shown on Figure 8.

2
<
3 o |0
e

O

logwto (tu, sec)

16 17 18 19 20 21 22
log M, (M,, N-m)

Figure 7. Correlation dependence log;? from log;yM, for
major earthquakes of the world (1981-1991) by Choy’s Ca-

talogue [39]. log,t, = 0.30(+0.01)log,, M, — 4.88(+0.01), N
=379, r=0.96.

7

-
4
- o
g 6 : - ,‘ \
H . ® m =022log M +185
S =" m,,=040log, M, - 1.54 ‘
16 17 18 19 20 21 2

log, M, (M, N-m)

Figure 8. Correlation dependence m; from log,(M, (full line)
for major earthquakes of the world (1981-1991) by Choy’s
Catalogue et al. (1995) for 1981-1991.

m, =0.22(£0.02)log, M, —1.85(£0.02) , N = 362, r = 0.67,

dashed line—calculated dependence:
m,, =0.40log M, —1.54 .
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Equation (39) is in good agreement with the depend-
ence on my, from logyM, for Sumatra island earthquake
(p=-10"+10°, 2 = +90° + 100°) for 1993-2012 (Figure
9).

Table 1 shows a comparison of the magnitude i,
obtained by the true maximum amplitude [19,29,40] and
the calculated value m,,, (Table 1) for a number of large
earthquakes in 1960-1984. The presented data suggest
that for most of the earthquakes characterized by the fol-
lowing inequality: m, >m,, >m, .

When log0Ac > 7.1 value of m, is close to the my,
same as for Great Chilean earthquake i, =7.57 and
my, = 7.71, for Tangshan (1976) m, =6.9 and my, =
6.92, Yanyuan (1976). m, =6.5, my, = 6.18, and if 6.36
<logoAc < 7.0 value of m, more then my, (Table 1).

Table 2 presents a comparison of calculated m,,, and
m, (21) for 80 major earthquakes of the world for 2000-
2012 for calculations m,, m, and Mg, used data from
Global CMT Catalogue (Table 2). When comparing
logipAc from Table 1 to Table 2 shows that with in-
creasing log oM, from 19.15 to 22.72 for the 2000-2012
earthquakes log;oAc value ranges from 6.75 - 7.58 with
an average of 7.16, that is, much higher than for earth-
quakes 1960-1984 (Tables 1 and 2) and higher than the
standard logAo = 6.56.

For such high values Ao values my,, closely coincide
with the design 1, , and for values Mg, characterized by
inequality: M, > My (Table 2) confirmed that conclu-
sion is the relation m,, — m, —for earthquakes in Japan
and the Kuril Islands (¢ = 30° +40°, 2 = 140° + 150°) for
the 1993-2012 shown in Figure 10.

Thus for large earthquakes 1960-1984 and 1993-2012
at logAo > 7.1 my,, values coincide closely with the mag-
nitude 7, calculated from the true maximum amplitude
(Ag) of seismic vibrations, the magnitude of which is
proportional to the seismic moment: A, ~ f (M(?'35 ) to
Houston [29] and Kanamori [19]. Consequently, the m,,

8

16 17 18 19 20 21 22 23
log M, (M, N -m)

Figure 9. Correlation dependence m; from log,;yM, for the
earthquakes Sumatra region (1993-2012 years).

m, = 0.41(£0.02)log,, M, —1.76(+0.02) , N = 631, r = 0.88.
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< @
o]
(¢
5
5 6 7 8

A

mb
Figure 10. Correlation calculated magnitudes m,,, and m,

for the earthquakes in Japan and Kuril Islands for 1992-
2012 years. m,, =1.0(+0.02)m, +0.14(£0.003) , N = 521, r

bm
= 0.97. Values of i, were calculated according to the
formula (21).

value is proportional to the log;o4,.

The ratio of My — log;yM,. In Mamyrov’s papers [18],
[28] have shown that in the range of 16 < log;(M, < 21.0
if logjpAo < 7.0 at the rated Mg, closely coincides with
Mg and My, and for high Ac > 107 Pa following inequal-
ity Ms,, > M, as shown in Table 2.

In Figure 11 shows the correlation of My from log; M,
for earthquakes of the world for 1981-1991 according to
the Catalog Chou et al. [39]:

M =0.73(0.03)log,, M, —7.47(£0.02)  (41)

which is in satisfactory agreement with the dependence
Mg, =0.73log,,M,—7.19 (Figure 11, dashed line), de-
rived from Equations (38) and (26). These relations with
Mg = Mg, with log;(M, are in good agreement with the
generalization of Perez [41] for crustal earthquakes of the
world for the years 1950-1997:

log,,M, =1.33M +10.22.

In Figure 12 shows the correlation Mg with log;oM,
(solid line) for the earthquakes in Japan and the Kuril
Islands in 1993-2012:

M= 0.77(10.02)10g10 M, —8.23(i0.02) , here, we
show the same relationship

Ms,, from log;oM, (Figure 12, dashed line):

M, =0.691og,, M, —6.09, obtained with (N = 521, r

= 0.99):
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Table 1. A comparison of the magnitude m, (Houston, Kanamori, 1986; Zhuo, Kanamori, 1987) and settlement m,,, for

several major earthquakes of the world.

NeNe Date Time 1) ]}?,eg:: loﬁlvofn/lo’ 1t:,),gsl zté] By myn Ms My M, IZ%_I,O?Z’ Region
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1960/5/22  19:11:17.5 -38.29 -73.05 35 23.35 2.17 7.57 7771 85 9.6 9.76 7.10 Great Chilean
2 1963/10/13  5:17:55.1 4476 149.80 26 21.85 1.88 723 679 8.1 85 835 6.47 Great Alaska
3 1964/3/28  3:36:12.7 61.02 -147.63 6 22.96 2.15 7.64 736 84 92 929 6.77 Rat Island
4 1965/2/4  5:01:21.7 51.21 17850 29 22.15 1.94 7.19 697 82 8.7 8.63 6.59 Kurile Isl.
5 1967/7/22  16:56:55.3  40.63  30.74 4 20.20 1.32 6.38 626 7.1 74 1728 6.50 Tyrkey
6 1968/5/16  0:49:0.4 4090 14335 26 21.45 1.71 7.18 6.73 8.1 83 8.16 6.58 Tokachi-oki
7 1969/8/11 21:27:37.6 43.48 147.82 46 21.34 1.71 690 6.62 7.8 82 8.01 6.47 Kurile Isl.
8 1971/2/9  14:00:41.0 19.08 0.85 62 641 6.08 6.7 6.6 6.73 6.79 San Fernando
9 1974/10/3 14:21:345 —12.25 -77.52 36 21.18 1.65 70 6.68 7.6 81 7.92 6.49 Haicheng, China
10 1975/2/4  11:36:7.1 40.67 122.65 16 19.61 1.05 6.76 6.21 7.0 7.03 6.72 Peru
11 1976/2/4 9:01:7.2 15.14 —89.78 16.3 20.31 .14 62 6.66 673 75 75 7.78 7.15 Gua temala
12 1976/5/29 12:23:29.9 2439  98.65 15 19.09 072 6.1 65 635 69 6.7 7.00 7.19 Longlin, China
13 1976/5/29 14:00:33.2 2429  98.58 15 19.05 073 60 65 629 70 6.6 693 7.12 Longlin, China
14 1976/7/27 19:42:11.1  39.52 118.03 15 20.44 .11 63 69 692 79 7.6 8.01 7.37 Tangshan, China
15 1976/7/28 10:45:45.9 39.75 118.78 15 19.55 088 63 6.7 649 74 7.0 729 7.47 Tangshan, China
16 1976/8/16  14:6:55.0  32.63 10442 15 19.11 073 6.1 69 635 69 6.7 7.01 7.18 Songpan, China
17 1976/8/16 16:11:38.7  7.07 123.75 33 21.04 134 64 726 706 79 80 835 7.28 Mindanao
18 1976/8/21 21:49:57.8 3237 10429 153 18.50 052 6.1 6.7 616 64 63 6.6l 7.20 Songpan China
19 1976/8/23  3:30:11.5  32.11 104.21 19.6 18.66 058 62 6.6 620 6.7 64 6.71 7.18 Songpan China
20 1976/11/6  18:4:16.0  27.50 101.40 22.7 18.56 054 58 65 6.18 65 63 6.65 7.20 Yanyuan, China
21 1976/11/15 13:53:7.2 3945 117.71 15 18.63 0.56 6.0 63 621 63 64 6.71 7.21 Tangshan, China
22 1976/11/24 12:22:253 38.88  43.96 15 19.62 090 6.1 658 652 73 7.0 7.34 7.16 Sumbawa
23 1977/8/19  6:9:33.1  —11.14 11823 233 21.55 148 7.0 747 729 79 83 875 7.37 Iran
24 1978/9/16 15:36:13.5 3337 57.02 11 20.12 134 65 69 6.14 74 73 7.13 6.36 Oaxaca
25 1978/11/29 19:53:29 1622 -96.56 16.1 20.72 136 64 687 670 7.7 7.7 7.89 6.90 Tyrkey
26 1979/3/14  11:7:31.1 17.78 —-101.37 26.7 20.23 127 65 6.71 639 7.6 74 741 6.69 Petatlan
27 1979/10/15 23:17:0.8 32.62 -11557 12 18.86 0.78 5.7 592 600 69 6.5 6.57 6.78 Imperial Yalley
28 1979/12/12  8:00:7.0 232 7881 19.7 21.23 135 64 691 723 7.7 8.1 858 7.44 Colymbia
29 1980/1/1  16:42:49.8 38.80 -27.74 10 19.45 1.00 6.0 63 6.15 6.7 69 692 6.71 Azores Isl.
30 1980/2/7 10:49:26.3 —54.29 15843 15 19.36 1.01 6.1 62 604 65 68 6.79 6.59 Macguarie Isl.
31 1980/7/17  19:43:3.1 —12.44 16594 34 20.68 124 58 679 690 79 7.8 8.07 7.22 Eureka
32 1980/10/10 12625:25.5 36.14 1.41 12 19.70 1.00 65 65 640 73 7.1 732 6.36 Santa Grus Isl.
33 1980/11/8 10:27:459 41.14 —-12436 15 20.05 1.00 62 6.7 675 72 73 1772 7.31  El Asnam, Algeria
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34 1981/1/23  21:13:55.6  30.86 101.35 10 18.86 078 57 65 6.00 68 6.5 657 6.78 Daofu, China
35 1981/2/24 20:53:49.2 38.07 23.04 10 18.95 0.78 59 6.6 609 6.7 6.6 6.69 6.97 Greece
36 1981/4/24 21:50:14.3 —13.51 166.43 444 19.55 090 6.1 62 645 69 68 725 7.11 Yanuati Isl.
37 1981/4/27 18:17:40.0 —57.58 147.86 10 18.91 0.78 57 6.1 605 65 65 6.64 6.83 Macguarie Isl.
38 1981/7/28 17:22:43.6  30.01 57.8 152 19.95 .15 57 69 635 7.1 72 728 6.76 Kurile Isl.
39 1991/9/3  5:35:50.1 4297 147.87 35.7 18.88 0.70 6.6 65 6.18 6.6 6.5 6.76 7.04  Papua, New Guinea
40 1981/11/6  16:47:51 -3.18 143.72 15 18.96 0.84 62 62 598 69 6.6 659 6.70 Loayltu Isl.
41 1981/11/24 23:30:41.9 —22.19 170.32 233 19.13 087 57 62 609 6.7 6.7 6.75 6.79 Kermades Isl.
42 1981/12/24 5:33:33.3 —29.81 —177.55 194 19.32 1.08 6.1 64 586 68 6.8 658 6.34 Iran
43 1982/8/5  20:33:2.0 -—12.52 166.01 23.9 19.50 098 62 63 624 7.1 69 7.02 6.82 Santa Grus Isl.
44 1982/12/19 17:44:21.8 2431 1750 29.2 20.30 133 60 64 634 7.7 75 739 6.57 Tonga Isl.
45 1983/4/3  2:50:26.4 8.85 —83.25 28 20.26 127 65 66 642 72 74 752 6.71 Panama
46 1983/5/2  23:43:44.7 36.42 -120.66 14.5 18.60 079 62 6.0 572 65 63 6.25 6.49 Akito OKki, Japan
47 1983/5/26  3:0:18.3 40.44 138.87 12.6 20.66 130 68 72 676 7.7 77 1793 7.02 Coolinga
48 1983/10/4 18:52:37.8 —26.01 -70.56 38.7 20.53 146 64 68 631 73 7.6 750 6.41 Chili
49  1983/10/28 14:6:22.5 4435 -113.98 13.7 19.49 1.00 62 6.6 6.19 73 69 697 6.75 Idaho
50  1983/11/16 16:13:59  19.40 -155.59 11 19.03 0.78 63 6.7 6.17 6.6 6.6 690 6.95 Hawaii
51 1983/11/30 17:46:28.9 —6.35 71.75 10 20.61 123 6.6 7.1 685 7.5 7.7 8.00 7.18 Chugos Arch
52 1984/2/7  21:33:36.1 —9.81 160.42 21.9 20.40 133 65 6.7 644 75 75 752 6.67 Solomon Isl.
53 1984/3/19  20:28:39  40.38  63.37 15 19.55 078 65 67 669 7.0 7.0 749 7.47 Uzbekistan

Notice: for the earthquakes N1—10 logofy calculated according to Ao Kasachara (1984), Purcaru and Berkhemer (1982); for the rest earthquakes N11-52 all
data have been taken according to Global CMT Cataloge, for the earthquakes N53—data have been taken from USSR’s catalogue, 1984.

Figure 11. Correlation of magnitudes Mg and log,,M, (full
line) by Catalogue of major earthquakes of the world Choy

[39]: M, = 0.73(20.03)log,, M, —7.47(£0.02), N = 372, r

log, M, (M, N-m)

=0.93. Dashed line—calculated dependence.
Mg =0.73log,,M,—-7.19.
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Table 2. Comparison of calculated (m,,,, Ms,) and instrumental (m;, Mg, My) for a number of magnitude large earthquakes
of the world 2000-2012 years.

Depth

logioMy logioto my

IOgloAG,

NoNe Date Time ] A H.oxm M, Hw  foc m, M Ms My M, Ao, Ta Region
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 2000/1/8 16:47:30.2 —-16.84 —173.81 1624 19.84 099 65 6.52 656 6.6 72 746 7.13 Tonga Isl.
2 2000/2/25 1:44:52 —-19.55 174.17 16.8 19.70 095 6.1 646 650 7.1 7.1 735 7.11 Vanuatu Isl.
3 2000/5/4  4:21:334 —-1.29 123.59 18.6 20.39 1.18 6.7 6.67 673 75 715 781 7.11 Sulawesi
4 2000/6/4  16:28:46.5 —4.73 101.94 439 2087 146 6.8 6.83 665 80 78 789 6.75 Sumatra
5 2000/6/18 14:44:27.6 —13.47 97.17 15.0 2090 141 6.8 6.89 678 7.8 79 8.03 6.93 Indian Ocean
6  2000/11/16 4:55:36.5 —4.56 15279  24.0 21.09 134 6.0 694 7.11 82 80 842 7.33 New Ireland
7 2000/11/16 7:42:445 -5.03 153.17 31.2 2081 136 62 6.83 679 78 7.8 8.01 6.99 New Ireland
8 2000/11/17 21:2:20.1 -526 15234 17.0 20.75 133 62 683 679 80 7.8 7.99 7.02 New Britain
9 2000/12/6 17:11:14.7 39.60  54.87 33.0 19.59 094 6.7 641 641 75 7.0 7.22 7.03 Turkmenia
10 2001/1/1  6:57:24.0 6.73 127.07 44.0 2024 1.08 64 6.62 678 72 74 781 7.26 Mindanao
11 2001/1/26  3:16:54.9 23.63  70.24 19.8 2053 138 69 6.73 647 80 7.6 759 6.65 India
12 2001/6/23 20:34:23.3 —17.28 -72.71  29.6 21.67 163 6.7 7.5 711 82 84 8.6l 7.04 Peru
13 2001/8/21 6:52:143 -36.70 179.08  59.0 1971 101 64 641 639 7.1 70 724 6.94 New Zealand
14 2001/10/12 15:2:23.3 12.88 145.08 42.0 19.57 092 6.7 641 643 73 7.0 724 7.07 Mariana Isl.
15 2002/9/8  18:44:38.3 —3.27 14338 195 2047 126 65 6.73 665 78 76 175 6.95 Papua
16  2002/10/10 10:50:41.9 -1.79 13430 15.0 2041 1.18 65 6.67 675 7.7 75 783 7.13 Java Isl.
17 2002/11/02 1:26:259 2.65 9599 23.0 1995 1.09 62 652 647 76 72 740 6.94 Sumatra
18 2002/11/03 22:13:28.0 63.23 —144.89 15.0 2087 137 7.0 6.83 683 85 78 8.07 7.02 Alaska
19 2003/03/17 16:36:26.6 51.33 177.58  27.0 19.62 089 59 641 654 67 70 736 7.21 Aleutian Isl.
20 2003/08/21 12:12:59.5 —45.01 166.87  31.8 1987 098 6.6 652 661 75 72 752 7.19 New Zealand
21 2003/09/25 19:50:38.2 42.21 143.84 282 2148 152 69 7.0 7.14 81 83 858 7.18 Hokkaido
22 2003/09/27 11:33:36.2 50.02 87.86 15.0 1997 101 65 652 665 75 72 1759 7.20 Siberia, Russia
23 2004/12/23 14:59:30.9 —49.91 161.25 275 2121 143 65 7.00 7.05 7.7 81 840 7.58 Macquarie Isl.
24 2004/12/26  1:1:9.0 3.09 9426 28.6 2260 198 7.0 747 734 89 9.0 9.15 6.92 Sumatra
25 2005/03/28 16:10:31.5 1.67  97.07 25.8 2202 169 72 726 734 84 86 896 7.21 Sumatra
26 2005/10/08 3:50:51.5 34.38 73.47 12.0 2047 1.18 69 6.73 681 7.7 7.6 791 7.19 Pakistan
27 2005/11/14 21:38:59.3 38.22 14497 18.0 19.57 086 6.7 641 655 6.8 7.0 736 7.25 Honshu
28 2006/02/22 22:19:15.0 —21.20 33.33 12.0 19.62 090 65 641 652 75 70 734 7.18 Mozambique
29 2006/04/20 23:25:17.6 60.89 167.05  12.0 2048 1.18 6.8 6.73 682 76 7.6 793 7.20 Siberia, Russia
30 2006/05/03 15:27:3.7 —20.39 —173.47 67.8 21.05 137 72 694 701 79 80 831 7.20 Tonga Isl.
31 2006/11/15 11:15:8.0 46.71 15433 135 21.54 154 6.6 7.10 7.16 83 83 8.62 7.18 Kuril Isl.
32 2007/01/13 4:23:48.1 46.17 154.80 12.0 2125 144 73 700 7.07 82 81 843 7.19 Kuril Isl.
33 2007/04/01 20:40:38.9 —7.79 15634  14.1 2120 142 6.8 7.00 7.06 81 81 841 7.20 Solomon Isl.
34 2007/01/21 11:28:1.0 1.10 12621 222 2030 1.12 6.7 6.67 677 75 715 7.8l 7.20 Molucca Sea
35 2007/08/15 23:41:57.9 —13.73 -77.04 33.8 21.05 137 6.7 694 701 80 80 83l 7.20 Peru
36 2007/09/12 11:11:15.6 -3.78 100.99 244 2183 1.63 69 720 727 85 85 882 7.20 Sumatra
37 2007/09/12 23:49:35.3 —-2.46 100.13  43.1 2091 132 6.6 689 697 81 79 822 7.21 Sumatra
38 2007/11/14 15:41:11.2 —22.64 -70.62  37.6 2068 125 6.7 6.78 688 7.7 17 8.05 7.19 Chile
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39 2008/10/05 15:53:1.1 39.50  73.64 12.0 19.15 0.73 64 625 659 69 6.7 7.06 7.22 Kyrgyzstan
40  2008/11/16 17:2:43.8 1.50 122.05 29.2 20.12  1.06 6.5 657 6.70 73 73  7.69 7.20 Sulavesi
41  2009/01/03 22:33:449 -0.58 133.48 18.2 20.15 1.07 6.7 6.62 671 74 74 771 7.20 Java Isl.
42 2009/01/15 17:49:48.3 4697 15539 452 20.18 1.08 69 662 672 75 74 173 7.20 Kuril Isl.
43 2009/05/28 8:25:4.8 16.50 —87.17 12.0 20.11 1.05 6.7 657 671 73 13 1770 7.22 Honduras
44 2009/07/15 9:22:49.6 —45.85 166.26 23.5 20.76 128 65 683 690 7.8 7.8 8.10 7.18 New Zealand
45  2009/08/10 19:56:5.0 14.16 92.94 22.0 2029 1.12 69 6.67 675 76 75 7.80 7.19 Andaman Isl.
46 2009/09/02  7:55:7.5 —8.12 107.33 532 19.56 0.87 6.8 641 652 70 7.0 732 7.21 Java Isl.
47 2009/09/29 17:48:26.8 —15.13 —-171.97 12.0 2122 143 7.1 699 7.06 81 81 841 7.19 Samoa Isl.
48 2009/09/30 10:16:17.4 —0.79  99.67 77.8 2044 1.17 7.1 673 68 75 7.6 7.89 7.19 Sumatra
49 2009/10/07 22:3:28.9 -12.59 166.27 442 20.51 1.19 64 673 683 7.7 76 795 7.20 Vanuatu Isl.
50  2009/10/07 22:19:15.3 —11.86 166.01 41.7 20.82 130 64 683 692 79 78 8.14 7.18 Santa Crus Isl.
51 2009/10/07 23:14:0.6 —13.12 16637 425 2022 1.09 64 662 674 74 74 176 7.21 Vanuatu Isl.
52 2010/01/03 22:36:42.4 —8.88 157.21 12.0 19.76 094 64 646 658 7.1 71 745 7.20 Solomon Isl.
53 2010/02/27 6:35:14.5 —-3598 -73.15 232 2227 178 7.2 736 741 83 88 9.1 7.19 Chile
54 2010/04/06 22:15:19.1 2.07 96.74 17.6 2082 129 7.0 6.83 694 79 7.8 8.16 7.21 Sumatra
55 2010/08/10 5:23:53.9 -17.57 167.81 31.9 20.00 1.02 64 657 666 73 73 7.6l 7.20 Vanuatu Isl.
56  2010/10/25 14:42:59.8 —-3.71  99.32 12.0 2083 130 6.5 683 693 78 7.8 815 7.19 Sumatra
57 2010/12/21 17:19:53.6 27.10 143.76 15.6 2024 1.10 7.0 6.62 6.74 75 74 777 7.20 Bonin Isl.
58  2010/12/25 13:16:51.4 —19.67 168.04 16.6 20.05 1.04 6.8 657 6.67 74 73 7.64 7.19 Vanuatu Isl.
59 2011/01/02 20:20:26.6 —38.71 -73.84 194 19.80 095 6.6 646 6.60 7.1 7.1 748 7.21 Chile
60 2011/01/18 20:23:31.8 28.61  63.90 523 1994 1.00 6.7 652 6.64 72 72 757 7.20 Pakistan
61  2011/03/09 2:45:32.0 38.56 142.78 14.1 20.09 1.05 64 653 669 73 73 7.67 7.20 Honshu Isl.
62 2011/03/11 5:47:32.8 37.52 143.05 20.0 2272 1.84 72 752 1774 89 9.1 9.59 7.46 Honshu Isl.
63 2011/03/11 6:15:58.7 3592 14138  29.0 2093 133 6.8 689 697 68 79 823 7.20 Honshu Isl.
64 2011/03/11 6:26:12.6 3827 144.63 21.1 2049 1.19 7.1 673 681 75 7.6 795 7.18 Honshu Isl.
65 2011/04/07 14:32:50.6 38.82 141.85 533 19.77 094 69 646 659 7.1 7.1 749 7.21 Honshu Isl.
66 2011/07/06 19:3:32.5 —29.22 —175.83 223 2047 118 7.0 673 681 7.8 7.6 798 7.19 Kermadec Isl.
67  2011/07/10 0:57:16.3 37.98 14333  22.0 19.60 0.89 6.6 641 652 70 7.0 734 7.25 Honshu Isl.
68 2011/10/23 10:41:28.4 38.64 43.40 12.0 1980 095 69 646 660 73 7.1 748 7.21 Turkey
69 2012/01/10 18:37:13.3 2.59 92.98 23.7 19.88 098 6.6 652 662 72 72 753 7.20 Sumatra
70 2012/02/02 13:34:49.2 —17.69 167.11 20.5 19.64 090 65 641 654 7.1 7.0 737 7.20 Vanuatu Isl.
71 2012/03/20 18:2:549 16.60 -9839 154 2030 1.12 6.6 6.67 676 7.6 7.5 781 7.20 Guerrero
72 2012/03/25 22:37:20.9 —3531 -72.41 338 19.78 094 65 646 660 7.1 7.1 748 7.22 Chile
73 2012/04/11 8:39:31.4 235 92.82 45.6 2196 1.67 74 726 729 86 86 892 7.21 Sumatra
74 2012/04/11 10:43:38.2  0.90 9231 54.7 2146 151 72 7.05 7.14 82 82 857 7.19 Sumatra
75 2012/04/12  7:16:4.6 2857 -—-112.76 158 19.66 091 62 641 654 70 7.0 738 7.19 Mexico
76  2012/08/27 4:37:382 1191 —89.18 12.0 20.07 1.04 6.5 657 6.69 73 73 7.66 7.21 Salvador
77  2012/08/31 12:47:43.0 11.02 127.00 46.1 2052 120 6.5 6.73 682 76 7.6 794 7.18 Philippine
78  2012/09/05 14:42:23.7 9.87 8554  30.8 2049 118 6.8 6.73 683 7.6 7.6 794 7.21 Costa Rica
79  2012/10/28 3:4:39.2 5247 132.13 15.0 20.71 126 62 678 686 7.7 1.7 8.07 7.19 Charlotte Isl.
80  2012/11/07 16:35:55.2 13.93 -92.47  28.7 20.11 1.06 6.6 657 669 74 13 7.68 7.19 Guatemala
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log,, £, = 0.32(+0.003)log,, M, —5.43(£0.003) (42)

From the data that the value Mj, an average of 0.5
more than the My, because according to the relation
log oty with log oM, (from 42) with growth log;oM, from
16 to 22 on the basis of (19), the value increases from
7.19 logAo to 7.43 (Figure 12), and using equation (38)
in the same size ranges of logyM, the value of log Ao
increases from 6.5 to 7.10. It is likely that for most
crustal earthquakes before 1993 was characterized by the
above limits to growth log Ao < 7.10.

Ratio m,— Mg n my,,— Ms,,. In Figure 13 shows the
correlation ratio m, — My for crustal earthquakes of the
Kuril Islands and Japan for 1993-2011:

my, =0.52(£0.03) M +2.78(+0.02) (43)

which is in good agreement with the expression:
my, =052 M, +2.74 (44)

derived from (42) and (28) for ¢,= 0.32 u q, = —5,43
(Figure 13).

Figure 14 shows the correlation ratio m;, — Mg for
crustal earthquakes in South America for the years 1993-
2012, (p = —40° — 0°, A = —85° — 65°) by Global CMT
Catalogue:

my, =0.52(£0.03) M s +2.64(+0.02) (45)
for this region was obtained (N =576, r = 0.99):
log,, 7, =(0.32£0.004)log,, M, —5.48(£0.003)  (46)

the substitution of which in (26), 6, = 0.32 and a, = —5.48
leads to the formula

m,, =0.52M, +2.77 (47)

Equations (43)-(46) are in good agreement with Equa-
tions (21) and (22).

Figure 15 shows the correlation logoz, of log;M, for
earthquakes of the Tien Shan (¢ = 38.5° —45°, 1 =63" —
96°) for 1960-2012 in interval 13.0 <logoMy <21.5 (N =
684, r=10.85):

log,y 7, = 0.22(+0.01)log,, M, —3.45(+0.01)  (48)

which closely coincides with Equations (29), (31) and
(36) typical for earthquakes in California (Figures 1 and
15).

Therefore, we can expect that the relationship between
magnitudes m, — My for earthquakes of the two regions
may be similar in this range of seismic moment. Indeed,
the data in Figure 16 confirmed these assumptions and
empirical relationship of My from m, for Tien Shan’s
earthquakes is expressed by the following relation (N =
1183, r=0.95, Figure 16):

M =1.57(+0.03)m, —3.05(0.02) (49)

Copyright © 2013 SciRes.
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Figure 13. Correlation of magnitudes m;, and Mg for the
earthquakes in Japan and Kuril Islands for 1993-2012 years.
m, = 0.52(i0.03)Ms + 2.78(i0.02) , N =514, r = 0.84. Cal-
culated dependence m,, =0.52M, +2.74 if

log, ¢, = 0.32log,, M, —5.43 (see text).
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Figure 14. Correlation of magnitudes m;, and Mg for the
earthquakes in South America 1993-2012 years.

m, = 0.52(£0.03) M — 2.64(10.02) , N = 547, r = 0.82. Cal-
culated dependence m,, =0.52M, —2.77 if
log,,t, = 0.32log,, M, —5.48 (see text).

Calculated dependence of M, from my, based on
Equations (25), (26) and (47) for the elastic parameters
of the standard as follows:

M, =1.59m,, —3.06 (50)

which is in good agreement with Equations (2), (37) and
(49).

Therefore, we have adopted model of the relationship
of linear relations between M (m,, M;, Ms) and log;of
with logoM, explains many existing empirical formulas.
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For a wide range 6 < log;oM, < 23 changing log;ot, to a
first approximation, can be described by a nonlinear de-
pendence of (4, = logoM,):

log,, #, = 0.1674, —2.83

51
+1/3exp(2.166 4, —0.045.4; —25.09) ©h

in which the first two terms describes the linear growth
logot in the range 6 < 4y < 15. On the basis of Equations
(25)-(27) and (51) in Figure 17 shows estimates nonlin-
ear dependence my,,, M}, and Mg, from My to (11) for
crustal earthquakes. From Figure 17 shows that in the

2
log t,
ty S€C ' |e

12 13 14 15 16 17 18 19
log M, (M, N-m)

20 21 22

Figure 15. Correlation dependence log,% from log,(M, for
Tien Shan earthquakes (1960-2012 years).

10g,f, = 0.22(+0.01)log,, M, —3.45(£0.01) , N = 684, r =
0.85.

3 4 5 6 7

m,

Figure 16. Correlation of magnitudes Mg and m,; for Tien
Shan earthquakes (1902-2012 years).

M =1.57(£0.03)m, — 3.05(+0.02) , N = 1183, r = 0.95.
Calculated dependence M, =1.59m,, —3.06 if
log,,z, = 0.22log,, M, — 3.45 (see the text).

Copyright © 2013 SciRes.
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Figure 17. Averaged according M, M;,, and my,, from My
for crustal earthquakes (see text), the dashed line represents
the intersection of the curves My, = M;,, = my,, ~ My =~ 5.26
—5.50.

interval 4 < My < 6,5 numerical values of magnitudes
My = My, My, = My, M, ~ Mg and My within the accu-
racy of these parameters are close. In accordance with
Equations (19) and (51) in the interval 6.0 < 4 < 23.0
logipAc value increases from 1.75 to 7.53, and the most
intense increase in this parameter is in the range 6.0 < 4,
<15.0.

4. Conclusions

1) A broad range of local Richter magnitude M;, my,
and Mj; crustal earthquakes in different regions shows a
possible functional relationship with the seismic moment
magnitude, corner frequency, voltage and depressurized
seismic elastic parameters of the geophysical environ-
ment. These links justify numerous empirical relation-
ships with magnitudes of seismic moment.

2) It is assumed that an upgraded body-wave magni-
tude my,, for large earthquakes is proportional to the
logarithm of the average displacement along the fault
logyou, nmy, | the true magnitude and the maximum am-
plitude of seismic vibrations 4,; magnitude Mg, is pro-
portional to the logarithm of the square average dis-
placement along the fault (2logjou) and local magnitude
proportional 1.5log;u.

3) Control parameters of the quantitative relations with
seismic moment magnitudes are coefficients depending
on the change in corner period of seismic stress drop or
discharged from the seismic moment, which provide a
self-consistent system of equations between the main
source parameters of crustal earthquakes.
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