
The deterraiination of earthquake mechanism, 
using both longitudinal and transverse waves 

V. I . K E Y L I S - B O E O K 

I N T R O D U C T I O N 

T h e p r a c t i c a l a s p e c t of a m e t h o d of 
d e t e r m i n i n g e a r t h q u a k e m e c h a n i s m ( the 
" f a u l t p i a n e so lu t ion " ) is dea.lt w i t h he re . 
Th is m e t h o d has m u c h in c o m m o n w i t h t h e 
we l l -known m e t h o d s of B y e r l v (especia l ly , 
t a k i n g i n t o a c c o u n t t h e i m p r o v e m e n t s sug-
ges t ed b y A . R . R i t s e m a ) a n d of J a p a n e s e 
se ismologis ts ; t h e p r i n c i p a l d i f fe rence lies 
in t h e f a c t t h a t t r a n s v e r s e w a v e s a r e wide ly 
used he re , w h i c h r e n d e r s t h e so lu t ion u n a m -
b i g u o u s (*). T h e w o r k e d o u t t h e o r e t i c a l 
p r inc ip les p e r m i t as wel l t o u se s i m p l y t h e 
a m p l i t u d e r a t i o of d i f f e r e n t waves , b u t in 
p r a c t i c e i t is less re l iable . 

I n § 1 t h e t h e o r e t i c a l p r o p e r t i e s of t h e 
w a v e s caused b y t h e d ipole w i t h m o m e n t 
a r e desc r ibed . S u c h m o d e l of a seismic 
sou rce is t h e m o s t o f t e n e n e o u n t e r e d . T h e 
m e t h o d is app l i c ab l e t o a n y o t h e r m o -
d e l s as well, b u t t h e i r t h e o r e t i c a l f e a t u r e s 
a r e cons ide red v e r y br ie f ly . 

W e do n o t dea l w i t h t h e e f fec t of t h e 
in t e r f aces a n d t h e in l iomogene i ty of t h e 
m e d i u m on t h e f o r n i a n d i n t e n s i t y of dis-
s p l a c e m e n t s ; t h e m e t h o d s of e l i m i n a t i n g of 
t h e s e f a c t o r s a r e descr ibed in de t a i l in a n 
o t h e r a r t i c le . 

I n § 2 t h e g e n e r a l p a t t e r n of t h e in te r -
p r e t a t i o n is g iven . 

I n §§ 3-6 t h e success ive s t eps of t h e 
i n t e r p r e t a t i o n of o b s e r v a t i o n s a re p r e s e n t e d . 

(*) Tlie experience in in te rpre ta t ion of a 
great n u m b e r ( ^ 300) of sources (and even 
t h e correlat ion of <S-pliases at different s ta-
t ions) acquired since 1947, testifies t h a t t he 
s t udy of t ransverse waves is as reliable as 
P P , P i t P , p P etc. (provided the se ismograms 
and not the quest ionnaires are used). 

T h e Wolf s t e r eog raph i c p r o j e c t i o n used 
f o r i n t e r p r e t a t i o n is desc r ibed in t h e S u p -
plementi . 

§ 1 . - I N I T L A L F O R M ( ' L A S 

E a r t h q u a k e foci a r e genera l ly e q u i v a l e n t 
t o t h e d ipole w i t h m o m e n t (fig. 1). T h e 
ax is x co r r e sponds t o t h e m o t i o n d i r ec t ion . 
y = 0 - t o t h e f a u l t p i a n e . 

y 

3> 

Fig. 1 - The dipole wi th momen t ( the symme-
trical faul t ) . 

I n t h i s p a r a g r a p h t h e m a i n p r o p e r t i e s 
of e las t ic w a v e s caused b y t h e d ipole w i t h 
m o m e n t ( and some o t h e r sources) in a 
h o m o g e n e o u s m e d i u m will b e cons ide red . 

1. The formulas /or displacements in a 
homogeneous medium at great distance 
" r " from the source. 

A t g r e a t d i s t ances r t h e d i sp ìacemen t in 
a l o n g i t u d i n a l w a v e is d i r e c t e d a long t h e 
r a y a n d is comple t e ly d e t e r m i n e d b y one 
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(anv) component . We aliali consider the 
vaine of the tota l d isplacement vector ua\ 
ua is regarded positive when it is directed 
from t he source. 

In a t r ans verse wave the displacement is 
de te rmined by two components (the f l u id 

is directed frcm t he focus. F o r instance, 
fig. 2 shows itf > 0 and wf > 0 . 

It would be convenient to introduce 
two systems of coordinates (x, y, z) and 
(x, y, z) ( the beginning of bo th systems 
coinciding with the focus) so t h a t to obtain 

one can be found from the condition t h a t 
the displacement vector is perpendicular to 
t h e ray). W e shall consider two indepen-
den t components , vj' in tbe piane of inci-
dence ( S F wave) and uH

h in t b e direction 
perpendicular to the piane (SH wave) — 
see fig. 2. u " is regarded positive when i t 
is directed clocfovise, assuming the focus to 
be in the centre (or to t h e right if one looks 
a t the observational pobi t f rom tbe focus), 

is positive when its horizontal component 

more compact, forni ulas for ua, u", The 
axes x and y re late to the direction of the 
dipole axes as it is sliown in fig. 1. The 
axis x is directed to the F a s t , y to the 
Xor th , z upward . 

At great dis tances r the fo rmulas for 
independen t components a re as follows 
[V. I . Iveylis-Borok et al., 1957]: 

4 7ioua ~ K' (t — ria) [1] 
a r 
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4 non" ~ -ygH 

b3 r3 K' (t — r/b) [2] 2. The nodal lines and the distribution of 

4 Tiouf 
^ o 

Here, 

o — densi ty ; 
t ransverse wave 
t ime func t ion . 

VJJ 
b3r L K ' V ~ r/b) [3] 

a, b — longitudinal and 
velocities; K (t) in tensi ty-

V = 

ya-X — xfte 
sin i 

x cos' i •— zyx 

sin i cos i 

[4] 

[5] 

signs of ua, u", u'h' in each point. 

The nodal surfaces -wliere ali or some of 
tlie displacements ua, u c o m e out zero 
can be easilv obtained f rom formulas 
[l]-[3]. 

Ali t h e nodal surfaces go through t h e 
focus. However , in pract ice the diplace-
men t s vanish only 011 t h a t p a r t of t h e 
surfaces where the values of r are suffi-
ciently great (i. e., where approx ima te 
formulas [l]-[3] are valid). F o r m u l a s [l]-[3] 
give the following nodal lines for the dijiole 
with momen t : 

• anale of incidence sin i a) p iane y = 0, where ua u" = 

< = 0, 

ax; /}x; y , — angles m a d e by the axis x 
andt l ie axes x, y, z respectively (so t h a t 
x = xax + yfix + zyx... [6]). T h e formulas 
for o ther sources m a y be derived f rom [1], 
[2], [3] if to replace t h e fac tor " ? / " b y the 
following symbols: a or b for simple force; 

•X for t h e dipole wi thou t m o m e n t ; y for 
t h e superposit ion of t h e dipoles wi th mo-
m e n t and wi thou t m o m e n t (see fig. od); 
y2la or y2jb — for t h e doublé dipole with 
m o m e n t . . . and so on; for various sources 
K is represented in various units, which 
can be neglected in t h e present article. 

b) p iane x = 0, where ua — 0, 

e) p iane gH = 0 or xc • y — yc • x = 
= 0, where uff = 0. 

H e r e xcì yc are the coordinates of any 
point on t h e axis x. This piane is vertical 
and includes t h e axis x. 

d) cone gp = 0, orx(xja—zcx) + y(ycz — 
— zcy) = 0, where u'b' = 0. 

This one is an elliptical cone; i ts opposite 
ì ulings are the axes z, and x. The cone axis 

Fig. 3 - The nodal lines for SI7-wave 011 a Wolf stereographic projè'ction. 
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lies in t h e piane xz a n d biseets t h e angle 
made by x and z. 

The projeetion of t h e eone on a horizon-
tal p iane is a circle t h e d iamete r of which 
connects t h e epicentre witli the axis x. 

T h e cone projeet ion on a Wolf stereo-
graphic projeet ion is an ovai passing t h rough 
the projeet ion of the axis z ( the centre) and 
the projeet ion of the axis x-, a family of 
such ovals for various inclinations of the 
axis x is given in fig 3; the line of s y m m e t r y 
in fig. 3 coincides with u% = 0. 

is also of grea t importance. Ali possible 
combinat ions of signs (top to b o t t o m : ua, 
ubi ub) a r e shown in fig. 4. Ali t h e signs 
cer tainly can be simultaneously reversed. 
The nodal lines are unambiguously related 
to the m a i n pa ramete r s of dislocation in a 
focus: y = 0 determines t h e fau l t piane; 
axis x (a poin t on this piane) — t h e motion 
direction. 

Fig. 5 shows t h e nodal lines and the 
correlation of signs for some other sources. 
Fo r detai ls see [Keylis-Borok et al., 1957]. 

sed simultaneously. 

The line « f = 0 can be obta ined on t h e 
Wolf s tereographic projeet ion, when t h e 
axis x is known, by ro ta t ing t h e t rac ing 
paper with the axis x on i t about t h e 
centre of fig. 3 so t h a t t h e axis x should 
coincide with t h e line of s y m m e t r y ; then 
the ovai in fig. 3 passing th rough t h e axis 
x will represent the line u'b' = Ó. 

In te rpre ta t ion requires t h e knowledge of 
the theoretical position of the nodal lines 
on a Wolf s tereographic projeet ion. They 
are given in fig. 4. x — 0 and y = 0 are 
the projeet ions of two perpendicular planes. 

u " 0 is a s t ra ight line passing through 
t h e centre and the axis x (the pole of the 
line x = 0). wf = 0 is one of t h e ovals 
f rom fig. 3. 

The distribution of tlie signs of ua, Ubi Mb 
in different regions between the nodal lines 

3. Amplitude ratios (*) 

From [l]-[6] follows t h a t 

, ua x xax + yfix + zyx . . le — = = = L _ sin i 
Ut r yax — xfix 

y H>a X le = 

xo-x + y P x + zyx 

(xax + ypx) cos2 i — zyx sin2 i 

[7] 

[8] 

sin i cos i 

i j _ gp __ (xax + yfix) cos2 i — zyx sin2 i 
H H ub g (yax — rfix) cos i 

[9] 

(*) This point may be omitted if as usually 
we use only the displacement signs. 
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a3 

Formulas [l]-[3] give k = : however, 
b3 

in pract ice i t m a y be considerably less due 
to the fac t , t h a t the source is not a point , 
and t h e med ium is not ideally elastic. 

Le t 

, U " 7 » 7 U " 7 p ( U b 

le —jr =h : k • - p - = h ; f — —~ . 
u" u\ u" b o b 

Then [7]-[9] can be easily wri t ten down 
as follows: 

Ah ax + BHpx+ CHyx = 0 [7a] 

Apax + BPpx + GPyx = 0 [Sa] 

A,ax + B,px + C,YX = 0 [9a] 

T h e formulas for A, B, C are given in 
table 1. These formulas are also t r u e for 
the sources (b), (e), (a), (/) (fig. 5). 

§ 2 . - G E N E R A L P A T T E R N O F T H E I N T E R -

P R E T A T I O N O F O B S E R V A T I O N S . 

T h e initial d a t a for in te rpre ta t ion are 
t h e signs of t h e arrivals of longitudinal 
and t ransverse seismic waves. The worlced 
ou t theory permi t s to use ampl i tude rat ios 
as well (without any addi t ional computa t -
ions, wi th t h e help of special nomograph — 
figs. 13), however in f ac t i t is of ten consi-
derably less reliable. 

T h e in te rpre ta t ion of observations first 
implies t h e de te rmina t ion of t h e initial d a t a 

if t h e med ium were homogeneous. Then 
applying the elastic wave theory for a 
homogeneous m e d i u m we determine t h e 
source equivalent to t h e focus. 

The in te rpre ta t ion includes t h e following 
steps: 

1. The de termina t ion of the initial 
observations (ground displacement compo-
nents) . 

2. The reduct ion of observat ions to a 
homogeneous med ium. 

a) t he e l iminat ing of t h e effect of 
interfaces and of t h e deflection of a r ay 
f r o m a s t ra ight line. 

b) t h e p lo t t ing of the initial ob-
servat ions on a Wolf s tereographic pro-
jection (see Supplement) . 

3. The de termina t ion of t h e dynamic 
pa ramete r s of a focus (fault p iane so-
lution). 

a) T h e drawing of nodal lines basing 
upon t h e signs of displacements and their 
correlation in each point , t he ampl i tude 
rat io being t aken into account whenever 
possible. 

b) The es t imat ion of the accuracy 
of in te rpre ta t ion . 

Now we shall describe ali t he successive 
steps. 

T a b l e 1 

i Ai Bi GÌ 

E x — liH y cosec i/, y + hH x cosec i;, z 

P x (1 — > l Pctg ih) y (1 —hpctgih) 'z (1 + 7iptg ih) 

f 

x, y, 
x = 

x cos ih — yf 

z can be substitutec 
sin a • sin i/, ; y = 

y cos ih + xf 

. as follows: 
cos a • sin i;, ; z 

— z sin ih tg ih 

= COS ih 
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Fig. 5 - T h e noda l lines for var ious sources. Ali signs can be reversed 
s imul taneous ly . 
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y 

e) t he superposi t ion of a) and b) 

g) two dipoles wi th momen t . 

Fig. 5 (continuation) 
The nodal lines for 
var ious sources. Ali 
signs can be reversed 

s imultaneously. 

/) t he doublé dipole wi th momen t 

§ 3 . - T H E D E T E R M I N A T I O N O F I N I T I A L 

O B S E R V A T I O N S . 

1. Measurements on seismograms. 
T h e signs a n d a m p l i t u d e s of t h e first 

a r r iva la in ali b o d y a n d d i f f r a c t e d (head) 
se ismic w a v e s ( the p a t h s of w h i c h a r e 
k n o w n ) c a n se rve as in i t i a l d a t a (in a n y 
c o m b i n a t i o n ) . 

L e t P , a n d Pv b e v e r t i c a l a n d h o r i z o n t a l 
c o m p o n e n t s of t h e g r o u n d d i s p l a c e m e n t 
(for t h e case of a n i n c i d e n t l o n g i t u d i n a l 
w a v e ) ; SH, 8v — h o r i z o n t a l c o m p o n e n t s on 
t h e g r o u n d d i s p l a c e m e n t in SH a n d SV 
waves (for t h e case of a n i nc iden t t r a n s v e r s e 
w a v e ) ; S , is t h e v e r t i c a l c o m p o n e n t of t h e 
g r o u n d d i s p l a c e m e n t (for a n i n c i d e n t t r a n s -
v e r s e w a v e ) ; 8, a n d 8V a r e t h e c o m p o n e n t s 
of t h e S F w a v e . 

F o r t h e d i s t u r b a n c e of t h e e a r t h s u r f a c e 
caused b y t h e a r r i v a i of a l o n g i t u d i n a l 
w a v e (P , SP, e tc . ) on ly one c o m p o n e n t is 
independent -e i t .he r v e r t i c a l or ho r i zon ta l . 

F o r t h e d i s p l a c e m e n t c a u s e d b y a t r a n s -
ve r se w a v e t w o i n d e p e n d e n t c o m p o n e n t s 
can b e m e a s u r e d : SH a n d Sv or S.. 

If t h e d a t a a r e n o t t oo n u m e r o u s , i t 
h a p p e n s t o b e u s e f u l t o d e t e r m i n e t h e 
signs a n d t o m e a s u r e t h e a m p l i t u d e s f o r 
al i t h e i n t e r p r e t e d p h a s e s on al i ava i l ab l e 
records . N o t ali t h e m e a s u r e m e n t s c a n 
g ive i n d e p e n d e n t in i t ia l d a t a ; b u t t h e 
r e s t c a n b e u s e d f o r t h e con t ro l a n d 
recogn i t ion of a n o m a l i e s in a z i m u t h s a n d 
angles of e m e r g e n c e ( these a n o m a l i e s c an 
i n d i c a t e t h e necess i ty of a c c o u n t i n g f o r 
t h e co r r e spond ing i n h o m o g e n e i t y of t h e 
m e d i u m ) . 
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2. The determination of ground displacements. 

Using t h e da t e of t race ampl i tudes we 
de te rmine t h e corresponding ground dis-
placements applying the usuai methods . I t 
would be sufbcient to measure t h e m in any 
assumed uni t s (not necessarily absolute) . 

N 

Fig. 6 - The determination of the sig: 
NS and E\Y are known. 

§ 4. - E E D U C T I O N O F O B S E R V A T I O N S TO A 

H O M O G E N E O U S M E D I U M . 

1. General statements. 

A semi- tangent to t h e r a v in a hypo-
centre will be called a straightened ray 

/V 

s o Sv--
\ s v 

V 

\ 
/ 5 

• efiicentze 

of SV or SH when only the signs of 

I t should be noted now which of t h e 
observations of ground displacements wib 
be necessary for the de te rmina t ion of t h e 
signs of ua, w£, w f . 

For t h e de te rmina t ion of t h e signs of 
ua it is sufbcient to known only the sign 
of Pz or Pv. 

Tbe de terminat ion of t h e signs of and 
u£ r e q u b e t h e knowledge of t h e direction 
of the to ta l horizontal ground displacement 
(it should be resolved into 8V and S H ) and 
thus , — t h e values of t h e NS and EW 
components . W h e n only t h e signs of these 
components being known, the sign of one of 
t h e components SH or Sv can be de termin-
ed (fig. 6). 

Final ly, t h e sign of 8 t unambiguously 
determines the sign of u'b', provided the 
angle of incidence to t h e ear th surface is 
less t h a n criticai. 

As a resul t of th is p a r t of in te rpre ta t ion 
a tab le should be m a d e for a b t h e found 
signs and ampl i tudes of P 2 , Pv, SH, Sv, Sz 
in various waves. 

(fig. 7). A wave t h a t would be observed 
f rom t h e same focus if t h e med ium were 
homogeneous and ideaby elastic wib be 
called a primary wave. 

Using t h e observed ground displacements 
( they can be Pz, Pv, SH, 8V, Sz) we shall 
t r y to find such signs (and maghe 7-atios) of 
Ua, u^, u» in the primary wave that would 
he observed on the straightened rays at great 
distance from the source. The d a t a sought 
for are Constant along a s t ra ightened r ay 
beginning with sufficiently g rea t dis tance; 
th is permi t s to ascribe t h e m to conventional 
points of observat ions — t h e s tereographic 
projeet ion of t h e s t ra ightened rays. 

The same idea lies in t b e m e t h o d of 
Byer ly except t h a t he talces ano ther pro-
jeetion and does no t consider t ransverse 
waves. 

2. ZJse of observations. 

If the na tu re of t h e wave does no t cliange 
along its pat i i t hen ua is de te rmined by P, 
or P„; — by SH, and w£ — by Sv or S.. 
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T h e o b s e r v a t i o n s of t h e w a v e s t h a t 
c h a n g e t h e i r n a t u r e a long t h e i r p a t h s m a y 
c h a r a c t e r i z e on ly ua o r up, a s t h e SH w a v e 
can n o t c h a n g e i t s n a t u r e (*). (Fo r e x a m p l e 
t h e o b s e r v a t i o n s of sP a n d pS m a y cha-
r a c t e r i z e o n l y u'b a n d u a r e spec t ive ly) . 

It is worih-while to use the observations in 
any point, where one of the signs of ua, 
and up may be determined. 

a) near s ta t ions 

Fig. 7 - Conventional and 
(B — conventional , A — 

cu la t ions show t h a t t h e i n h o m o g e n e i t y a n d 
r e f r a c t i o n a t t h e i n n e r b o u n d a r i e s in a 
n u m b e r of cases h a v e n o e f fec t on t h e signs 
a n d h a v e suf f ic ient ly low e f fec t on t h e r a t ios 
of d i s p l a c e m e n t s [Key l i s -Borok e t al . , 1957]. 

a) The signs of ua, u f f , and u£. 

T h e signs (direct ion) of t h e a r r iva la can 
c h a n g e a t t h e b o u n d a r i e s , wh ich t h e r a y 
t r ave r se s . P r a c t i c a l l y i t h a p p e n s genera l ly 

real points of observat ion. 
•real) OB s t ra ightened rays. 

T h e r a t i o of t h e v a l u e s of t h e s e compo-
n e n t s will b e u s e d o n l y in t h e case w h e n 
t h e y a r e d e t e r m i n e d f o r t h e w a v e s of t h e 
s a m e p a t h r e c o r d e d a t one s t a t i o n (for 
e x a m p l e , P a n d S, PP a n d SS, e tc . ) a n d 
c o n s e q u e n t l y c o r r e s p o n d t o suf f ic ien t ly d o s e 
c o n v e n t i o n a l p o i n t s ( theo re t i ca l ly i t is pos-
sible t o u se t h e d i s p l a c e m e n t r a t i o in dif-
f e r e n t p o i n t s ; h o w e v e r , i t is m o r e compl i -
c a t e d a n d , as expe r i ence shows, conside-
r a b l y less re l iable) . 

3 . Determination of signs and displacement 
ratio in the primary wave. 

O n e s h o u l d e l i m i n a t e t h e e f fec t of t h e 
i n h o m o g e n e i t y of t h e m e d i u m so t h a t t o 
d e t e r m i n e t h e d i s p l a c e m e n t s in a p r i m a r y 
w a v e . 

I n p r a c t i c e one can e l i m i n a t e t h e e f fec t 
of on ly k n o w n b o u n d a r i e s , a n d t h e c u r v a -
t u r e of t h e r a y . H o w e v e r , t h e expe r i ence 
in i n t e r p r e t a t i o n a n d t h e t h e o r e t i c a l cal-

(*) An except ion is t h e case of non-parallel 
boundar ies when i t is necessary to resolve a 
t ransverse wave into SH and SV for each 
piane of incidence anew; in this case the surface 
displacements SV and SH will be linear funct ions 
of u £ and u'b'. 

in case of re f lec t ion or in case of such w a v e s 
t h a t c h a n g e t h e i r n a t u r e a l o n g t h e i r p a t h s . 
I n a d d i t i o n , t h e c u r v a t u r e of t h e r a y causes 
a c h a n g e of t h e s ign of t h e $ F a r r i v a i in 
t r a n s v e r s e w a v e s e m e r g i n g downward f r o m 
t h e f o c u s (fig. 8). 

T a b l e 2 can b e u t i l i zed t o d e t e r m i n e t h e 
signs of ua, up t a k i n g i n t o cons ide ra t ion 

S U due to the cu rva tu re of t he ray . 

t h e signs of t h e obse rved d i s p l a c e m e n t s . 
T h e t a b l e is compi l ed t a k i n g i n t o a c c o u n t 
t h e s u r f a c e of E a r t h , t h e c u r v a t u r e of t h e 
r a y s a n d t h e t w o b o u n d a r i e s of t h e c r u s t 
of p r i m a r y i m p o r t a n c e . 

T h e e f fec t of a n y o t h e r b o u n d a r y will b e 
i n t r o d u c e d i n t o t h i s if we t a k e i n t o a c c o u n t 
t h e signs of t h e co r r e spond ing coeff icients 
g iven in t h e t h e o r y of p i a n e waves . 
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T a b l e 2 

The occurrence of like and unlike signs 
in the p r imary wave displacements and the 
ea r th surface displacements . 

" + " indicates t h a t tlie signs are the same, 
" — " t h a t t h e signs are different. For t rans-
verse waves the sign corresponds to the hori-
zontal Sv component of ground displacements. 
I n a p r i m a r y wave u a or can be de termined 
when the first le t ter in the wave index is P 
or 8 respectively. u'b' has the same sign as Sh. 

Wave 
index Sig n Wave 

index Sign Wave 
index Sign 

P + PP* sSS + 
P + sP SSS — 

pP — SP — ScS + 
PP — S + sS* — 

pPP + 8(*) + SS* «Vj-'r„n 

PPP + S(**) — pS — 

PcP + sS — PS — 

pP* - - SS + 
(*) The r ay moves 

focus. 
(**) The r ay moves 

t h e focus. 

upward f rom the 

downward f rom 

Bes ides t a b l e 2 is compi led on t w o as-
s u m p t i o n s : 

1) t h a t t h e E a r t h s u r f a c e does n o t 
cause a c h a n g e in t h e s ign of t h e S V a r r iva i . 
I t is a l w a y s co r r ec t on ly if t h e ang le of 
iuc idence t o t h e s u r f a c e is less t h a n t b e 
cr i t ica i one ; o the rwi se one shou ld use a 
n o m o g r a p h in [ M a b n o v s k a j a , p . 151]; 

2) t h e sign of PP, pP c h a n g e s ( and 
sS, SS does no t ) a f t e r r e b e c t i o n a t t b e 
su r f ace . I t is co r r ec t p r a c t i c a b y f o r al i 
e p i c e n t r a l d i s t a n c e s if a0 (P-wave ve loc i ty 
a t t b e s u r f a c e ) i s n o t m o r e t h a n 5.5-6 k m / s e c , 
w h i c h gene ra l ly occurs . T h e case of g r e a t e r 
a0 is cons ide red b y J . H . H o d g s o n a n d B . 
E . I n g r a m (Bull. Seism. Soc. Amer. 46, 
N . 3, 1956). 

b) Determination of amplitudes. 

E o r t b e e b m i n a t i o n of t b e e f fec t of t b e 
b o u n d a r i e s t r a v e r s e d b y a r a y i t is neces-

s a r y t o d iv ide t h e g r o u n d d i s p l a c e m e n t s 
b y p i a n e w a v e re f lec t ion a n d r e f r a c t i o n 
coefbc ien t s . T h e s e coeff icients a r e g iven in 
[ K e y b s - B o r o k e t al . , supp l . IV] . 

I t m u s t b e b o r n e in m i n d t h a t f o r t h e 
angles of i nc idence g r e a t e r t h a n t h e cr i t icai 
a n g l e u £ is t h e l eas t r e b a b l e . 

4. Plotting of conventional points on a Wolf 
stereographic projeetion. 

T h e coo rd ina t e s of a c o n v e n t i o n a l p o i n t : 
t h e a z i m u t h a of t h e r a y ( f rom e p i c e n t r e 
t o t h e s t a t ion ) a n d t b e r a y i n c b n a t i o n ih 

w h e n e m e r g i n g f r o m t h e f o c u s a r e d e t e r -
m i n e d b y u s u a i g e o m e t r i e m e t h o d s . If a 
a n d in a r e n o t a c c u r a t e , t h e reg ion of pos-
sible pos i t i ons of t h e c o n v e n t i o n a l p o i n t is 
ou t l i ned . T h e o b s e r v a t i o n s of l o n g i t u d i n a l 
a n d t r a n s v e r s e w a v e s w i t h iden t i ca l r a y s 
(for i n s t ance , P a n d S, PP a n d SS, pP a n d 
sS a n d so on) a t one s t a t i o n m a y b e r e f e r r e d 
(in first a p p r o x i m a t i o n ) t o one c o n v e n t i o n a l 
p o i n t . S t r i c t l y say ing , i t is n o t a b s o l u t e l y 
a c c u r a t e . H o w e v e r , t h e d i s c r e p a n c y of 
t h e c o n v e n t i o n a l p o i n t s u s u a l l y m a y b e 
n e g l e c t e d ; b u t t h e p r o c e d u r e of t h e i n t e r -
p r e t a t i o n b a s e d on signs will n o t c h a n g e 
if fo r g r e a t e r a c c u r a c y w e d iv ide t h e con-
v e n t i o n a l p o i n t s m e n t i o n e d a b o v e . 

a) N e a r s t a t i o n s . 

a c an b e d i r ec t l y m e a s u r e d on a m a p (if 
t h e r e a r e no a z i m u t h a l a n o m a b e s p o i n t i n g 
o u t t o t b e p r e s e n c e of i n c b n e d i r r terfaces) . 
ih is d e t e r m i n e d in a c c o r d a n c e w i t h t h e 
seismogeological cond i t ions of t h e reg ion . 

F o r t h e case of n o n - h o r i z o n t a l i n t e r f a c e s 
a a n d ih m a y b e d e t e r m i n e d b y m a k i n g 
c e r t a i n c o n s t r u c t i o n s on a Wolf s te reo-
g r a p h i c p r o j e e t i o n . T h e s e c o n s t r u c t i o n s 
sugges t ed b y E . N . B e s s o n o v a a r e desc r ibed 
in [ K e y b s - B o r o k e t al .] a n d a r e s ign i f ican t 
w h e n s h a r p i n c b n e d i n t e r f a c e s a r e o b s e r v e d 
n e a r t b e focus . 

h) D i s t a n t s t a t i o n s . 

A t d i s t a n t e a r t h q u a k e s t h e i nhomoge -
nei t ies of t h e e a r t h c r u s t b a v e a less d i s to r -
t i n g ef fec t on t b e r a y s . 

a can b e d e t e r m i n e d on a Wolf s tereo-
g r a p h i c p r o j e e t i o n ; i t s h o u l d b e k e p t in 
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mind t h a t t h e difference of a f rom t h e 
az imuth f r o m t h e s ta t ion to t h e epicentre 
is not 180° due to non-parallel meridiana. 

The plots for de termining ih and i0 (angle 
of incidence t o t h e surface) for various 
waves and var ious h d rawn on the basis 
(for d i s tan t s tat ions) of the Jeffreys-Bullen 
t ravel - t ime curve are given in figs. 1 6 a - f . 
F o r t h e de te rmina t ion of ih one can also 
use t h e tables of " ex ten ted distances " 
compiled by J . H . Hodgson; these distan-
ces a re equal to ctgiA. 

c) J o i n t in te rpre ta t ion of records when 
some rays a re directed downward and some 
— u p w a r d f r o m t h e focus. 

T h e rays P , S, P P , PKP and so on are 
directed downward and t h e rays pP, sS, 
etc. — u p w a r d f r o m the focus. The rays 
P , S, f r o m near ea r thquakes are directed 
upward , and t h e rays of head waves — 
downward f rom t h e focus. However , ali 
t h e convent ional points (for ali waves) 
should be p lo t ted on one semi-sphere (bet-
t e r on t h e upper one). 

If t h e s t ra ightened r ay does not t raverse 
th is semi-sphere ( the wave propaga t ing 
downward f rom t h e focus), t h e conventional 
poin t should be taken on the extension of 
t h e r a y in t h e opposite direction (ik remains 
t h e same, to a t h e value of 180° is added). 

T h e signs and rat ios of ua, w f , in 
such a conventional point will be t h e same 
as on t h e s t ra ightened r ay for the dipole 
wi th m o m e n t and sources, c, 6, g (fig. 5), 
e tc . ; for t h e sources a, f , etc. t h e signs 
considered should be reversed. 

As a result of this part of interpretation 
ali the conventional points of observations are 
plotted on a Wolf stereographic projection, 
if the sign of even one of the displacement 
components for these points being found-, deter-
mined signs of ua, u'b', ub are put near them 
(top to bottom)-, the unlcnoivn signs are desi-
gnated by a ivavy line <— 

F o r t h e conventional points where ali 
t he ampl i tudes of ua , u'b', are known 
i t is necessary also to de termine the ratios 
« > f , K K -

§ 5 . - D E T E R M I N A T I O N O F T H E D Y N A M I C 

P A R A M E T E R S O F A F O C U S ( F A U L T P L A N E 

S O L U T I O N ) . 

1. Drawing of nodal lines. 

The nex t and the principal problem is to 
draw one of t h e theoret ical systems of nodal 
lines (figs. 4, 5) on a Wolf stereographic 
project ion in accordance wi th the observed 
dis t r ibut ion of t h e signs of diplacements 
(according to § 1 t h e nodal lines de termine 
the orientat ion of t h e f au l t p iane and t h e 
direction of motion). 

A t t h a t i t is necessary to t a k e into 
account t h e " s t andard " (possible theo-
retically) correlation of signs in each point 
(figs. 4, 5). 

The ways of drawing the nodal lines 
can be explained best of ali by examples 
(here, as for any kind of in terpre ta t ion, i t 
is difficult to m a k e t h e general rules 
exhausting). I n figs. 9-12 four examples are 
given. They are based on t h e experience 
of pract ical in terpre ta t ion, bu t great ly sim-
plified. 

Fig . 9. Two nodal lines a re necessary 
for dividing t h e signs of ua, however, t hey 
are not d rawn unambiguously (fig. 9a and 
fig. 96). I t can be easily seen t h a t t ak ing 
into account the signs of ub and u'b we can 
draw t h e nodal lines only in one way, as 
is shown in fig. 9b. The obtained combi-
nat ion of signs is consistent wi th t h a t of 
the " s t andard " one (fig. 4). 

Fig. 10. Two nodal lines: P = 0 (i. e. 
ua — 0) and y = 0 should be d rawn to 
divide the signs of ua; in t h e example 
considered t h e y are d rawn unambiguously . 
I t is necessary to use the signs of ub and u'b 

so t h a t to find out which of these lines 
corresponds to t h e fau l t p iane y — 0; t h e 
signs can be dibided in two ways shown in 
fig. 10« and 106. The comparison of bo th 
va r ian t s wi th the " s t andard " one (fig. 4) 
leads to t h e conclusion t h a t such a combi-
na t ion of signs as obta ined in fig. 10« cannot 
exist in reali ty. 

Thus, the only possible va r i an t of inter-
pre ta t ion is t h a t shown in fig. 96. 

Fig. 11. The signs of ua and ub, can 
be divided in two ways as if is shown in 
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fig. I l a and 116. However , a f t e r compa-
rison wi th t h e " s t andard " distr ibution 
the va r i an t of I l a should be neglected. 

Fig. 12. T h e in te rpre ta t ion with t h e 
help of signs is ambiguous: t h e sys tem of 
nodal lines can be d rawn in two ways 
(fig. 12a and 126), both var ian ts a re con-
sistent wi th fig. 4. However , i t is possible 
to establish which of t h e two indicated 
va r ian t s corresponds to t h e real i ty if t h e 

for in reducing t h e observat ions to a ho-
mogeneous med ium. 

Therefore, only t h e approx imate direction 
of t h e axis x — t h e region of i ts project ion 
on a Wolf s tereographic project ion — can 
be determined, and it is f a r f rom being 
every case. However , i t is no t connected 
wi th addi t ional computa t ion and of ten m a y 
be useful . 

Equa t ions [7a]-[9a] § 2 can be used for 

project ion of t h e axis x is de te rmined using 
t h e ra t io of ampl i tudes . 

H e r e for t h e upper r ight poin t we had : 
hH = — 2.5; hp = 7.0; / = — 0.35; and 
for t h e lower (second to the right) hH = 0.25; 
h p = 0.5; / = + 0.5. I n this case t h e 
va r i an t in fig. 12a should be neglected (see 
t h e nex t po nt) . 

I t would be sufficient to de te rmine only 
t h e region, where t h e project ion of t h e 
axis x lies. 

2. The determination of the axis x (direction 
of motion) using displacement ratios. 

The displacement ratios are considerably 
grea ter effect b y t h e inhomogeneities and 
non ideallv elastic propert ies of t h e ea r th 
t h a n t h e signs; a t the same t ime t h e effect 
of these fac tors can only pa r t ly be allowed 

determining the axis x. E a c h equat ion 
determines t h e piane, containing this axis 
(only two of these equat ions are indepen-
dent) . If ua , uff , up are known a t some 
point t h e axis x can be found as the in-
tersections of two such planes. The graphi-
cal w a y (on a Wolf stereographic projection) 
of de termining t h e axis x is t h e mos t con-
venient one. The projections of t h e planes 
ment ioned above on a Wolf stereographic 
project ion are arcs of a great circle ( they 
will be called " «-arcs " f u r t h e r on); t h e 
intersect ion of t h e m determines the pro-
jection of t h e axis x. I n pract ice t h e de-
te rmina t ion of t h e axis x on a Wolf ste-
reographic project ion is purely graphical, 
using t h e nomographs given in [Malinovs-
ka j a ] and in fig. 13 (*). 

(*) For a more complete set of nomographs 
apply to the Insti tute of the Ear th 's Physics. 
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O n t h e n o m o g r a p h s t h e r e a r e " x-arcs " 
fo r v a r i o u s y a l u e s of h " , h p , / . T h e s e 
v a l u e s a r e p l o t t e d n e a r t h e " # -a rcs " . 

D i f l e r e n t n o m o g r a p h s corresponrl t o di f -
f e r e n t va lues of i h — t h e inc l ina t ion of a 
s t r a i g h t e n e d r a y . 

ride w i t h t h e c e n t r e of t h e n o m o g r a p h , 
a n d t h e mai 'k of t h e a z i m u t h of t h e con-
v e n t i o n à l p o i n t of o b s e r v a t i o n w i t h t h e 
u p p e r e n d of t h e ve r t i ca l d i a m e t e r of t h e 
n o m o g r a p h ( t hen t h e c o n v e n t i o n a l p o i n t on 
t l ie t r a c i n g p a p e r will co incide w i t h t h e 

h p 

Fig. 13o - The nomographs for de termining motion direction using 
ampl i tude rat io . 

I n o rde r t o flnd a n " z - a r c " i t is neces-
s a r y : 1) t o choose a n o m o g r a p h w i t h t h e 
va lues of i — in (if t h e n o m o g r a p h w i t h 
t h e r e q u i r e d v a l u e of ih is a h s e n t t h e who le 
c o n s t r u c t i o n is m a d e f o r t w o n e i g h b o u r i n g 
va lues of i/, a n d t h e n i n t e r p o l a t i o n is car-
r i ed o t ) ; 2) t o s u p e r i m p o s e t r a c i n g p a p e r 
on t h e n o m o g r a p h ; 3) t o m a k e t h e c e n t r e 
of t h e p r o j e c t i o n on t h e t r a c i n g p a p e r coin-

d o u b l e circle on t h e n o m o g r a p h ) ; 4) t o copy 
t h e " a;-arcs " c o r r e s p o n d i n g t o t h e g iven 
v a l u e s of h H , h p , f on t h e t r a c i n g p a p e r . 
T h e in te r sec t ion of t h e " re-arcs " g ives 
t h e p r o j e c t i o n of t h e ax i s x. I n p r a c t i c e 
we do n o t d r a w t h e who le a rcs a n d flnd 
immediately t h e i r p o i n t of i n t e r sec t ion . 

T h e " « -a rcs " c o n s t r u c t e d f o r t h r e e dis-
p l a c e m e n t r a t i o s a t one s t a t i o n i n t e r s e c t 
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in one p o i n t as one of t h e s e va lues is n o t 
i n d e p e n d e n t . 

Bes ides , i t is n ece s s a ry t o n o t e t h e fol-
lowing p r o p e r t i e s of " « - a r c s " : t h e "a? -a rcs" 
c o n s t r u c t e d f o r / a n d h H pas s t h r o u g h 
t h e p o i n t of o s s e r v a t i on a n d t h e pole of 

t i on cen t r e , no m a t t e r w h a t is t l ie a c t u a l 
d i r ec t ion of t h e ax i s x (since t h e poles of 
ali t h e c o n v e n t i o n a l p o i n t s g a t h e r a r o u n d 
t h e cen t re ) . 

T h e v a l u e of le s h o u l d b e f o u n d empi r i -
cal ly b y : 1) se lec t ing such e a r t h q u a k e s f o r 

Fig. 13 6 - The nomographs for determining motion direction using 
ampl i tude rat io. 

t h i s po in t r e spec t ive ly ; a n d t h e " a;-arcs " 
c o n s t r u c t e d f o r Tip h a v e t h e a z i m u t h per -
p e n d i c u l a r t o t h e a z i m u t h of t h e s t a t i o n . 

T h e s e p r o p e r t i e s shou ld b e t a k e n i n to 
a c c o u n t w h e n t r y i n g t o d e t e r r a i n e t h e ax is 
of x u s i n g " a - a r c g " f o r t h e a m p l i t u d e r a t ios 
of t h e s a m e c o m p o n e n t s a t v a r i o u s s t a t i ons . 
F o r i n s t a n c e , ih b e i n g g r e a t , t h e n al i t h e 
" aj-arcs " f o r hH c o m e closer t o t h e pro jec-

which t h e ax i s x is d e t e r m i n e d on ly f r o m 
signs a n d 2) d e t e r m i n i n g le so t h a t t h e 
d i s p l a c e m e n t r a t i o shou ld give a close r e su l t . 
T h e s e s a m e v a l u e s of h m a y b e u s e d f o r 
s t u d y i n g t h e foci i of a g iven region. 

I t p roeeeds f r o m expe r i ence t h a t le shou ld 
b e t a k e n less t h a n (a/6)3. F o r t h e T a n g o 
e a r t h q u a k e 1927, 1 < le < 3 ; i t w a s es ta -
b l i shed in t h e process of i n t e r p r e t a t i o n of 
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a v a l u a b l e se t of s e i s m o g r a m s col lec ted b y 
D r . H o d g s o n , E . A. (Domin ion O b s e r v a t o r y , 
C a n a d a ) , a n d k i n d l y s e n t t o m e b y D r . 
H o d g s o n , J . H . 

A n y excess in t h e a c c e p t e d v a l u e of 1; can 
b e eas i ly no t i ced f r o m t h e d i s p l a c e m e n t of 

s y s t e m of t h e in i t i a l d a t a d e t e r m i n e s t h e 
n o d a l l ines in such a w a y t h a t t h e y can 
b e t r a n s f e r r e d in c e r t a i n l imi t s w h i c h in-
d i c a t e t h e poss ib le e r ro rs . 

I t shou ld b e b o r n e in m i n d t h a t t h e s e 
l imi t s essen t ia l ly d e p e n d on t h e e r ro r s of 

Fig. 13 c - The nomographs for de termining motion direction using 
ampl i tude rat io . 

t h e ax is x t o t h e co r r e spond ing conven-
t iona l po in t s . 

§ G. - E S T I M A T I O N O F A C C U R A C Y 

T h e a c c u r a c y of t h e i n t e r p r e t a t i o n of 
e a c h e a r t h q u a k e is e s t i m a t e d d i r ec t l y in 
t h e p rocess of d r a w i n g t h e n o d a l l ines: each 

t h e coo rd ina t e s of t h e c o n v e n t i o n a l p o i n t s 
t h e m s e l v e s (i. e. of t h e r a y d i r ec t ions in t h e 
h y p o c e n t r e ) . 

T h e m a i n source of e r ro rs (especial ly f o r 
n e a r e a r t l i q u a k e s r e c o r d e d b y h igh f r e q u e n -
cy i n s t r u m e n t s ) is t h e u n k n o w n s t r u c t u r e 
of m e d i u m , f o r e m o s t , t h e i n t e r f a c e s n e a r 
t h e focus . 
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Tl ie c o m p l e t e e s t i m a t i o n of t h e a c c u r a c y 
r equ i r e s t h a t t h e i n t e r p r e t a t i o n s h o u l d b e 
c o n d u c t e d f o r t h e e x t r e m e possible pos i t ions 
of t h e c o n v e n t i o n a l po in t s . 

F o r t h e i n t e r p r e t a t i o n on a l a rge scale i t 
is n e c e s s a r y t o i n v e s t i g a t e t l i rough ly t h e 
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S U P P L E M E N T . P R I N C I P A L C O N S T R U C T I O X S 

O N A W O L F S T E R E O G R A P H I C P R O J E C T I O N . 

K g . 14a r e p r e s e n t s a Wolf s t e r e o g r a p h i e 
p r o j e c t i o n w h i c h is a s t e r eog raph i e p ro j ec -
t ion of a s emi - sphe re on a p i ane . T h e 

t i on of t h e s p h e r e b y p l a n e s p e r p e n d i c u l a r 
t o NS) . T h e s e l ines s h o u l d n o t t a k e n fo r 
g e o g r a p h i c a l m e r i d i a n s a n d pa ra l l e l s since 
t h e c e n t r e of t h e s p h e r e coinc ides w i t h t h e 
h y p o c e n t r e . 

T h e ang le is c o u n t e d off a long t h e 

5 

Fig. 14a - Wolf s tereographie project ion. 

s c h e m e of t h e semi - sphe re b e i n g p r o j e c t e d 
is s h o w n in fìg. 14/;. T h e c e n t r e of t h e 
p r o j e c t i o n w i t h f o u r p o i n t s a r o u n d it cor-
r e s p o n d s t o t h e v e r t i c a l ax i s 00. T h e cir-
c u m f e r e n c e b o u n d i n g t h e p r o j e c t i o n cor-
r e s p o n d s t o t h e circle u p o n wh ich t h e 
s emi - sphe re is s u p p o r t e d t o s t a n d . 

L e t t h e ends of t h e d i a m e t e r N S (fìg. 146) 
b e t h e poles of t h e sphe re ; d r a w t w o s y s t e m s 
o.f l ines on t h e sphe re : m e r i d i a n s (sect ions of 
t h e s p h e r e b y p l a n e s f o r m i n g d i f f e r en t an -
gles w i t h t h e ax i s 00) a n d para l le l s (see-

ho r i zon t a l d i a m e t e r f r o m t h e c e n t r e t o a 
g iven m e r i d i a n . T h e ang le y f o r e a c h pa -
ral lel is c o u n t e d off a long a n y o n e of "the 
m e r i d i a n s (each u n i t is e q u a l t o 2° in 
fìg. 14«). 

T h e s t r a i g h t l ine a n d t h e p i a n e " p a s s i n g 
t l i r o u g h t h e c e n t r e of t h e s p h e r e a r e repre -
s e n t e d on t h e Wolf s t e r e o g r a p h i e p r o j e c t i o n 
respec t ive ly b y a p o i n t a n d b y such a n a r e 
w h i c h a f t e r b e i n g r o t a t e d coincides w i t h 
one of t h e m e r i d i a n s . T h e po le of t h e 
p i a n e m e a n s t h e p r o j e c t i o n of i t s n o r m a l . 
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T h e po le of t h e l ine is t h e p r o j e c t i o n of 
i t s n o r m a l ly ing in one v e r t i c a l p i a n e w i t h 
t i h s Une. 

Ali c o n s t r u c t i o n s on a Wolf p r o j e c t i o n 
can b e m o s t c o n v e n i e n t l y fu l f l l led on a 
t r a c i n g p a p e r b e i n g s u p e r i m p o s e d on t h e 

a of t h e h o r i z o n t a l p ro j ec t i o n ) is g iven . 
F i n d t h e p r o j e c t i o n of th i s l ine (i. e. t h e 
p o i n t h a v i n g t h e coo rd ina t e s a , ih). 

O n t h e o u t e r circle ( the b o u n d of t h e 
s t e r eog raph i c p r o j e c t i o n ) c o u n t off t h e ang le 
a c lockwise a n d m a l t e a m a r k . 

Pig. 14 6 - Meridians and parallels t raced on a Wolf s tereographic project ion. 

s t e r e o g r a p h i c p ro j ec t i on . B e f o r e r o t a t i n g 
t h e t r a c i n g p a p e r a b o u t t h e c e n t r e of t h e 
Wolf s t e r e o g r a p h i c p r o j e c t i o n i t is necessa-
r y t o m a r k on i t t h e pos i t i on of t h e c e n t r e 
a n d t h e e n d of t h e v e r t i c a l d i a m e t e r of 
t h e s t e r e o g r a p h i c p ro j ec t i on . W h e n m a k i n g 
c o n s t r u c t i o n s w e shal l cons ider t h a t t h e 
d i r ec t ion u p w a r d (z axis) is p r o j e c t e d in t h e 
c e n t r e of t h e s t e r eog raph ic p ro j ec t i on , t h e 
ax i s N b e i n g d i r e c t e d t o t h e N o r t h (ÌJ) t h e 
ax i s E t o t h e E a s t (x). 

Consider n o w t h e p r i nc ipa l c o n s t r u c t i o n s 
on a Wolf p r o j e c t i o n . 

T h e p lanes a n d t h e s t i ' a ight l ines con-
s idered be low pass t h r o u g h t h e c e n t r e of 
t h e sphe re . 

1. T h e d i rec t ion of a s t r a i g h t l ine ( the 
inc l ina t ion ih t o t h e ve r t i ca l , t h e a z i m u t h 

B y r o t a t i n g t h e t r a c i n g p a p e r m a k e t h i s 
m a r k coincide w i t h one of t h e d i a m e t e r s 
(it m a k e s n o d i f fe rence e i t he r h o r i z o n t a l 
or ve r t i ca l ) . 

C o u n t off t h e ang le ih a long t h e d i a m e t e r 
f r o m t h e c e n t r e of t h e s t e r eog raph ic p ro jec-
t ion t o t h e d i rec t ion of t h e m a r k . 

N o w t h e p o i n t b e i n g f o u n d h a s t h e coor-
d m a t e s a, ih-

2. T h e a z i m u t h A of t h e d i p p i n g a n d t h e 
d ip e of a p i a n e a re g iven . F i n d t h e p ro jec -
t ion of t h e p i ane . 

M a k e a m a r k f o r t h e a z i m u t h A on t h e 
b o u n d of t h e s t e r e o g r a p h i c p ro j ec t i on . R o -
t a t i n g t h e t r a c i n g p a p e r m a k e t h i s m a r k 
co inc ide w i t h t h e h o r i z o n t a l d i a m e t e r . 
C o u n t off t h e d ip a long t h e s a m e h o r i z o n t a l 
d i a m e t e r f r o m t h e s t e r eog raph ic p r o j e c t i o n 
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R E P R E S E N T A T I O I I f l F S E I S M I C F A U L T S U N ' . t MKMK. ' J 
OFOISLDCATIOMS IN T H E ORlGlNS OF EARTHQLWKES 
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Fig. 15 - The representa t ion of the found fau l t piane solutions on maps . 
The heavy line corresponds to t h a t side of fau l t which moves upward . 
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Fig. 166 

b o u n d w h i c h is oppos i t e t o t h e m a r k of 
t h e a z i m u t h . 

N o w t h e m e r i d i a n pas s ing t r h o u g h t h e 
f o u n d p o i n t is t h e p i a n e be ing s o u g h t fo r 
( the c o o r d i n a t e s of t h i s p o i n t , a s is e v i d e n t , 
a re ISO + A , 90 — e ) . 

3. T w o p o i n t s on a. Wolf s t e r e o g r a p h i c 
p r o j e c t i o n a r e g iven (i. e. p r o j e c t i o n s of 
t h e s t r a i g h t l ines p a s s i n g t h r o u g h t h e c e n t e r 
of t h e sphere ) . F i n d t h e p r o j e c t i o n of t h e 
p i a n e c o n t a i n i n g b o t h lines. 

R o t a t e t h e t r a c i n g p a p e r w i t h t h e t w o 
p o i n t s p l o t t e d on i t a b o u t t h e c e n t r e of 
t h e p r o j e c t i o n u n t i l t h e y fa l l on one of 
t h e m e r i d i a n s ; d r a w th i s m e r i d i a n on t h e 
t r a c i n g p a p e r , a n d it will b e t h e p r o j e c t i o n 
b e i n g s o u g h t fo r . 

4. T h e p r o j e c t i o n of a p i a n e is g iven . 
F i n d i t s pole . R o t a t e t h e t r a c i n g p a p e r 
un t i l t h e p r o j e c t i o n of t h e p i a n e coincides 
w i t h one of t h e m e r i d i a n s . T h e n c o u n t off 

0 200 400 600 <900 A,KM o m w soo eoo 4 HM 0 200 W 000 SOO d, hai 
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h = the dep th of t he source is shown near 
eacli curve. 

Figs. 16 a-f - The values of ih and iu for 
var ious waves. 

The symbols of waves are drawn in eacli 
figure. 

h-HSl" 

h^lOOkM TL=/S0/FM 

b-SM/w k-emkH 

Pig. 16 c 

i-miM 
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90° along t h e horizontal d iamete r f rom the 
piane to t h e direction of the centre. Now 
t h e found point is the pole. 

5. T h e pole of a piane is given. F ind t h e 
project ion of t h e piane ( the equa tor of 
t h e given pole). 

s t ra ight lines — are given. Measure the 
angle m a d e by t h e m . 

Rota t ing the t rac ing paper make bo th 
points fall on one of the meridians; now 
the angle sought for is counted off along 
this meridian. 

ti=670kM 

0 20 40 fO #0 700/1' 
?/=7ff7tM 

Make t h e pole fall on the horizontale 
d iamete r and count off 90° along it to the 
direction of t h e centre. Draw the mer id ian 
th rough the found poin t ; then this meridian 
is t h e equa tor br ing sought for. 

6. Two points — the project ions of 

7. The project ions of a piane ancl a 
s t ra ight l ine are given. F i n d t h e angle 
made by them. 

Make t h e project ion of t h e piane coincide 
wi th one of t h e mer id ians ; now t h e angle 
sought for is counted off along t h e parallel 
passing th rough the given point . 
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ABSTRACT 

The interpretational aspect of determining 
fault pinne solution for earthquake sources with 
the use of both longtitudinal and transverse 
waves of various types is described. The 
first arrivai direction of P, SV, SE and 
the ratios of their amplitudes can be employed. 
The use of the arrivai directions P, SV and 

SH {and especially their combination at each 
point) sharply lessens the quantity of obser-
vations required and makes results unam-
biquous. 

The properties of various sources (the 
dipole loith moment in most detail) are con-
sidered. 

Wolf stereographie projection discribed in 
Supplement is used for the interpretation. 




