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ABSTRACT 

In the present paper seismometrical data have been worked 
out regarding the Norcia earthquake during the 19 September - 31 De
cember 1979 period. 479 seismic events have been identified, with a good 
analytical resolvance for the majority of same. With reference to main 
shock, as well as for 30 other after shocks the focal mechanisms were 
defined using different data assemblies. A contemporary inversion of 
hypocentral parameters of the velocity model was made on a data selected 
sample. The temporal variation of after shocks was also studied during 
the considered period. 
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R I A S S U N T O 

Nel presente lavoro sono stati elaborati dati sismometrici relativi al 
terremoto di Norcia per il periodo 19 settembre - 31 dicembre 1979. Sono 
stati localizzati 479 eventi sismici, per la maggior parte con buona riso
luzione analitica. Relativamente alla scossa principale, e per altre 30 repli
che sono stati definiti i meccanismi focali utilizzando insiemi diversi di 
dati. E' stata effettuata un'inversione simultanea dei parametri ipocentrali 
del modello di velocità su di un campione selezionato di dati. E' stata 
anche studiata la variazione temporale delle repliche durante il periodo 
consideralo. 

FOREWORD 

T h e i n t e r e s t bu i l t a r o u n d t h e s e i smic p h e n o m e n o n t h a t b e g a n 
on 19-9-79 in t h e u p p e r N e r a B a s i n , t o o k s h a p e in t h e s e t t i n g 
u p of a local s e i s m i c n e t w o r k for t h e s t u d y of t h e p h e n o m e n o n , 
u n d e r i ts sc ient i f ic a s p e c t s , a n d for a b e t t e r u n d e r s t a n d i n g of 
s a m e w i t h r e f e r e n c e to genes i s a n d e n e r g y p r o p a g a t i o n . T h e re
s e a r c h w o r k e r s a s s e m b l e d in t h e « N a t i o n a l S e i s m i c N e t w o r k » 
c o m m i t t e e in t h e G e o d y n a m i c F ina l i zed P r o j e c t ac t iv i ty . 

T h e r e s e a r c h w o r k e r s of t h e fo l lowing I n s t i t u t e s t o g e t h e r 
w i t h t h e i r i n s t r u m e n t a t i o n s , w e r e p r e s e n t : 

— N a t i o n a l G e o p h y s i c a l I n s t i t u t e . R o m e ( I ta ly) 

— V e s u v i a n O b s e r v a t o r y . N a p l e s ( » ) 

— L i t h o s p h e r e G e o p h y s i c a l I n s t i t u t e . M i l a n ( » ) 

— Geologica l I n s t i t u t e . F l o r e n c e U n i v e r s i t y ( » ) 

— Globe Phys ics I n s t i t u t e . P a r i s (F rance ) 

INTRODUCTION 

On t h e 19th of S e p t e m b e r 1979, a s e i s m i c p e r i o d go t s t a r t e d 
in the a r e a b e t w e e n N o r c i a a n d Casc ia of d i s c r e e t i n t e n s i t y set
t ing u p to t h e V H I t h d e g r e e of t h e MCS w i t h t h e m a i n s h o c k . 
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In t h e p r e c e d i n g m o n t h s t h e r e o c c u r r e d in t h e a r e a o t h e r q u a k e s 
t h a t w e r e h o w e v e r i so la ted , a n d w h i c h d id n o t get o v e r t h e 3.0 
m a g n i t u d e . 

T h e e p i c e n t r a l d e t e r m i n a t i o n of t h e m a i n 19th S e p t e m b e r 
s h o c k w e r e : 

N E I S H 0 = 21 35 36.5 (GMT) <p = 42.83N X, = 13.06E h = 8 k m 

C S E M # U = 21 35 39.3 (GMT) cp = 42.78N X = 13.06E h = 10 k m 
( a t t r i b u t e d ) 

T h e d a t e by us e l a b o r a t e d gave: 

Ha = 21 35 36.9 (GMT) cp = 42.73 X = 12.96E h = 6 k m 
( a t t r i b u t e d ) 

T h e m o r e re l i ab le m a g n i t u d e s a t t r i b u t e d to t h e s h o c k w e r e : 

for Mi: 5.5 (RMP) , 5.8 (TRI) , 

M b : 5.6 (CSEM), 5.5 ( N E I S ) , 

M s : 5.8 ( N E I S ) . 

A s e c o n d s t r o n g s h o c k t o o k p l ace o n F e b r u a r y 28, 1980 ha
v ing a s p rov i s iona l l y w o r k e d ou t p a r a m e t e r s t h e fo l lowing: 

H0 = 21 04 42.9 (GMT) cp = 42.65N X = 12.60E h = 7 k m 

N E I S H0 = 21 04 40.8 (GMT) cp = 42.81 X = 13.01E h = 12 k m 

T h e m a g n i t u d e s w e r e : 

for Mi: 5.1 (TRI) , 4.8 (RMP) , 

Mh: 4.8 ( N E I S ) . 
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COMPUTATION OF FOCAL PARAMETERS 

T h e o b s e r v a t i o n s for loca l iz ing h y p o c e n t r e s c a n b e sp l i t i n t o 
t h r e e g r o u p s , i.s. p r i o r to (49 loca l ized e v e n t s ) , d u r i n g (380 e v e n t s ) , 
a f t e r (50 even t s ) t h e s e t t i n g u p of t h e s t a t i o n s a s s e m b l e d by t h e 
« N a t i o n a l S e i s m i c N e t w o r k » c o m m i t e e of t h e G F P , b e c a u s e for 
e a c h g r o u p t h e loca l iz ing p r e c i s i o n , o n t h e w h o l e , c h a n g e s . 

In t ab l e 1 a r e g iven t h e d a t a r e g a r d i n g t h e s t a t i o n s se t u p 
fo l lowing c o m b i n e d i n t e r v e n t i o n o r a n y w a y c o n s e q u e n t t o t h e 
S e p t e m b e r q u a k e ; t h e i r l oca l i za t ion is r e p o r t e d in fig. 1. 

T h e d a t a , fo r t h e c a l c u l a t i o n of h y p o c e n t r a l p a r a m e t e r s , w e r e 
e l a b o r a t e d w i t h t h e « H y p o 71 » p r o g r a m , u s i n g a s c r u s t a l m o d e l 
t h e one g iven in fig. 2, 3. 

Th i s m o d e l de r ives f r o m a c o m p a r i s o n m a d e w i t h o t h e r m o 
dels o b t a i n e d by m e a n s of ac t i ve a n d p a s s i v e g e o p h y s i c a l d a t a 
(Caloi , 1939, Conso le - G a s p a r i n i , 1975, Di F i l i p p o - Marce l l i , 1952 
Giese et al. , 1979), va l id for t h e a r e a a n d i n t e g r a t e d , a s r e g a r d s 
su r f ace , b y geologica l n o t i o n s ( C a l a m i t a e t al . , 1979, De iana , 1980, 
Sca r se l l a , 1941). 

F r o m p r e c e d i n g s o u r c e s o n e can , f u r t h e r m o r e , u n d e r s t a n d 
t h a t the r a t i o V,,/Vs ge t s t o t h e va lue 1.80. 

In t h e c a l c u l a t i o n a t 6 k m s d e p t h r e s t r i c t i o n w a s p u t ; t h e a r r i 
val t i m e s a t t h e s t a t i o n s w e r e fully w e i g h e d , for d i s t a n c e s w i t h i n 
70 k m s local n e t w o r k , a n d by half t h o s e b e t w e e n 70 a n d 300 
k m s , n a t i o n a l n e t w o r k . T o e a c h s t a t i o n w a s a t t r i b u t e d a de lay 
d e t e r m i n e d by t h e ve loc i ty of t h e superf ic ia l l aye r a n d by t h e al t i
t u d e l aye r a n d by t h e a l t i t u d e of t h e s t a t i o n s itself. 

T h e p e r s i s t e n c e of t h e s o l u t i o n s w a s ver i f ied u s i n g o t h e r 
c r u s t a l m o d e l s . T h e r e s u l t s o b t a i n e d d id n o t differ r e l evan t ly 
f r o m t h e p r e v i o u s o n e s , b o t h a s r e g a r d s t h e p l a n i m e t r i c d i s t r i 
b u t i o n (fig. 4) a s wel l a s w i t h r e f e r e n c e to d e p t h d i s t r i b u t i o n s 
(Fig. 5) . 

T h e d a t a w e r e e x a m i n e d a l s o w i t h r e f e r en ce to t h e i r d i s t r i 
b u t i o n in d e p t h , p r o j e c t i o n s w e r e m a d e for b a n d s of d i f fe ren t 
w i d t h s m a d e to r o t a t e by 15° e a c h t i m e , so as t o e n a b l e , c h a n g i n g 
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r o t a t i o n c e n t r e , a b e h a v i o r a l i m a g e a t d e p t h of t h e e v e n t s fig. 6. 
T h e m o s t r e l e v a n t p r o p h i l e s e e m e d to b e n. 30 t h a t s h o w s e v e n t s 
dens i fy ing u p w i t h a n a l m o s t ve r t i ca l b e h a v i o u r a n d a d e e p e r 

a p p e n d i x t o w a r d s S S W . Th i s p r o p h i l e r e su l t s t r a n s v e r s a l to t h e 
P i c d i r i p a - O s p e d a l e t t o d i r e c t i o n , w h i c h c o i n c i d e s w i t h t h e maxi 
m u m a r e a dens i f i ca t ion of e v e n t s . 
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ANALYSIS OF FOCAL M E C H A N I S M S 

128 f irst i m p u l s e s for ana lys i s of focal m e c h a n i s m s w e r e 
g a t h e r e d , w i t h r e f e r ence to t h e m a i n s h o c k . T h e d a t a r e a c h e d 
u s f r o m w o r l d - w i d e s t a t i o n s t h r o u g h q u e s t i o n n a i r e s , b u l l e t i n s , 
b u t m o s t l y t h r o u g h t h e d i r ec t r e a d i n g s of t h e s e i s m o g r a m . 

T h e d e t e r m i n a t i o n of focal m e c h a n i s m s w a s m a d e t h r o u g h a 
r e w o r k e d p r o g r a m b a s e d on W i c k e n s a n d H o d g s o n (1967) w h i c h 
h a s t h e poss ib i l i t y of s u p p l y i n g a s t a t i s t i c a l e v a l u a t i o n of t h e 
s o l u t i o n by m e a n s of a w e i g h t given b y : 

in w h i c h , A a n d B a r e respec t ive ly t h e o b s e r v e d a n d t h e o r i c a l 
po l a r i t i e s , W p is t h e func t i on of w e i g h t . 

In t h e e l a b o r a t i o n of d a t a w e h a v e u s e d a s s o u r c e m o d e l t h e 
d o u b l e c o u p l e , w h i c h ident i f ies t w o n o d a l p l a n e s t h a t m u s t sa
tisfy a s b e s t a s pos s ib l e t h e e x p e r i m e n t a l d a t a . 

T h e n o d a l p l a n e s a r e ident i f ied, in Wulff ' s p r o j e c t i o n ( l o w e r 
h e m i s p h e r e ) by s e g m e n t s of a c i rc le t h a t s e p a r a t e t h e c o m p r e s 
s ion q u a d r a n t s f rom t h o s e of d i l a t a t i o n . E a c h p o l a r i t y p o i n t is de
t e r m i n e d by a z i m u t h , b e t w e e n e p i c e n t r e a n d s t a t i o n , a n d by t h e 
ang le t h a t t h e se i smic r ay m a k e s w i t h the ve r t i ca l l eav ing t h e 
e p i c e n t r e . S u c h ang le have b e e n c a l c u l a t e d u s i n g t h e r e l a t i o n : 

w h e r e : i, v a n d r a r e respec t ive ly , t h e h y p o c e n t r a l ang le , t h e 
veloci ty a t focus a n d t h e d i f fe rence b e t w e e n t e r r e s t r i a l r a y a n d 
focal d e p t h , d A / d r is the a p p a r e n t veloci ty a t t h e e p i c e n t r a l d i s t an 
ce A. T h e a p p a r e n t ve loc i t ies w e r e w o r k e d o u t by m e a n s of t h e 
H e r r i n (1968) t rave l t i m e s . 
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W i t h r e f e r ence to the m a i n s h o c k , ML = 5.5 v a r i o u s s o l u t i o n s 
w e r e d e t e r m i n e d w i t h d i f fe ren t d a t a s e l ec t ion c r i t e r i a : 

a) w i t h all d a t a a t d i s p o s a l (good a n d b a d ) , fig. 7a; 

b) w i t h d a t a se lec ted f r o m long a n d s h o r t p e r i o d s , fig. 7 b ; 

c) w i t h p o i n t b d a t a e x c l u d i n g t h o s e w i t h i n 20°, fig. 7c; 

d) w i t h d a t a of long p e r i o d s only , fig. 7d; 
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W e d e e m t h a t t h e las t e l a b o r a t i o n m a d e b e c o n s i d e r e d op t i 
m a l . I n t a b l e 2 a r e g iven t h e va lues o b t a i n e d for t h e s e m e c h a 
n i s m s . Analyses of focal m e c h a n i s m s for 30 a f t e r s h o c k s h a v e a l so 
been c a r r i e d o u t . I n fig. 8 w e h a v e r e p o r t e d in t h e u s u a l r ep re 
s e n t a t i o n t h e p r o j e c t i o n s of axes of m a x i m u m p r e s s i o n P a n d 

m a x i m u m t e n s i o n T of all t h e 30 s o l u t i o n s o b t a i n e d . Th i s r e p r e 
s e n t a t i o n r e n d e r s pos s ib l e t h a t t h e T axes , in t h e v a r i o u s after
s h o c k s have a p r e v a l e n t d i r e c t i o n of a b o u t E N E - W S W a n d w i t h 
a p r e d o m i n a n t l y s u b h o r i z o n t a l i nc l i na t i on . T h e P axes a r e p s e u d o -
ver t ica l w i t h a p r e v a l e n t d i r e c t i o n in t h e l o w e r q u a d r a n t s . 
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TEMPORAL BEHAVIOUR OF AFTER SHOCKS 

T h e s p a c e v a r i a t i o n s of a f t e r s h o c k s r e p r e s e n t e d a l o n g t h e 
d i r e c t i o n NE-SW (Norc ia-Casc ia) s h o w f r o m t h e s t a r t of t h e 
s e i smic p e r i o d d o w n to a b o u t t h e 23rd S e p t e m b e r t h e m a x i m u m 
e p i c e n t r a l f l u c t u a t i o n d u e p r e v a l e n t l y to t h e i r b a d loca l i za t ion . 
T h e d a t a i m p r o v e dec ided ly w i t h t h e s e t t i n g u p of local s t a t i o n s , 
t h e e p i c e n t r e s beg in dens i fy ing in a b a n d n o t b r o a d e r t h a n 4-5 
k m s f r o m t h e 30th S e p t e m b e r t o 1st O c t o b e r , w e h a v e a d e c i d e d 
d i s p l a c e m e n t of t h e e p i c e n t r e s t o t h e S S W (M. Pizzo) w i t h a n 
i n t e r r u p t i o n of ac t iv i ty in t h e f o r m e r b a n d , fig. 9; on t h e w o r k 
of t h e p e r i o d in th i s a r e a t h e r e a r e j u s t i so l a t ed s h o c k s w h i l e ac
t iv i ty s t a r t s very ev iden t ly aga in in t h e f o r m e r b a n d . After Octo
b e r 17th t h e r e a p p e a r s aga in an ev iden t f l u c t u a t i o n of s h o c k s d u e 
to t h e w i t h d r a w a l of local s t a t i o n s . 

T h e d e p t h s d o no t offer a n y m a r k e d v a r i a t i o n in t i m e , t hey 
h a v e a r e g u l a r d i s t r i b u t i o n b e t w e e n 1 a n d 14 k m s fig. 10, w i t h a 
p r e v a l e n t dens i f i ca t ion b e t w e e n 8 a n d 11 k m s fig. 11 gives h i s to -
g r a p h i c a l l y all t he s h o c k s h a v i n g a m a g n i t u d e g r e a t e r t h a n o r 
e q u a l to 3.0, for t h e p e r i o d u p to t h e 31st D e c e m b e r ; f r o m th i s 
d i s t r i b u t i o n it is ev iden t t h a t for s u c h a p e r i o d t h e s u b s i d a n c e 
is a n e x p o n e n t i a l o n e . 

CONTEMPORARY INVERSION OF HYPOCENTRAL PARAMETERS AND OF 

VELOCITY MODEL IN THE NORCIA AREA. 

T h e a f t e r s h o c k s of the 19-9-1979 q u a k e h a v e b e e n r e c o r d e d 
in severa l s t a t i o n s of t h e n a t i o n a l s e i s m i c n e t w o r k a n d of t h e 
t e m p o r a r y n e t w o r k se t u p in t h e e p i c e n t r a l a r e a . A m o n g these , 
d u e to t h e h igh n u m b e r of e v e n t s r e c o r d e d , to t h e d i s t a n c e f rom 
e p i c e n t r a l a r e a , a s wel l a s d u e to the a c c u r a c y of e x p e r i m e n t a l 
d a t a , 15 s t a t i o n s w e r e c h o s e n for a u n i t e d s t u d y of h y p o c e n t r a l 
p a r a m e t e r s a n d of veloci ty m o d e l a c c o r d i n g to t h e o u t l i n e p r o p o 
sed by C r o s s o n (1976). Th i s p r o c e d u r e , t h r o u g h t h e r e loca l i za t ion 
of a g r o u p of q u a k e s , e n a b l e s , for m o d e r n n e t w o r k s a c q u i r i n g 
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se i smolog ica l d a t a , a l so the e v a l u a t i o n of a m o d e l of ve loc i ty t h a t 
b e t t e r fits t h e e x p e r i m e n t a l d a t a . I n t h i s c a se t h e o u t l i n e of in
v e r s i o n of t r ave l t i m e s is m u c h m o r e eff ic ient t h a n w i t h t h e t r a 
d i t i o n a l W i e c h e r t - H e r g o l t z m e t h o d , w i t h t h e g e n e r a l i z a t i o n in ca
se of s l ow layers of G e r v e r a n d M a r k u s c e v i t c h (1966), b e c a u s e t h e 
s m o o t h i n g of e x p e r i m e n t a l d a t a is c l e a r e d o u t , d i f fe ren t p h a s e s 

c a n b e s i m u l t a n e o u s l y i n v e r t e d , t h e r e is n o n e e d of a c o m p l e t e 
t rave l t i m e c u r v e a n d t h e p r o p a g a t i o n of o b s e r v a t i o n e r r o r s in 
the m o d e l c a n b e w o r k e d ou t . 

T h e m e t h o d c o n s i s t s in the a l igned a lgeb r i ca l i nve r s ion of t h e 
f i rs t a r r i v a l s in a m e d i u m c o n s i s t i n g of flat , p a r a l l e l a n d h o m o 
g e n e o u s l aye r s . T h e d i f fe rences b e t w e e n o b s e r v e d a n d c a l c u l a t e d 
va lues of t r ave l t i m e s , c o m p a r e d to a n in i t ia l m o d e l , a r e l i nked to 
t h e u n k n o w n p a r a m e t e r s / t h r o u g h t h e func t iona l F: 

Tij = Fi (/) for j s t a t i o n s a n d i e v e n t s . S i n c e a r u l e F is 
no t l inear , t h e f i rs t d é r i v â t e s a r e c a l c u l a t e d c o m p a r e d to t h e 
in i t ia l va lue , wh i l e t e r m s of a h i g h e r o r d e r a r e o m i t t e d . T h e final 
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e x p r e s s i o n in m a t r i c i a l f o r m c a n be w r i t t e n a s : AT — AAx (/). 
Thi s s y s t e m of e q u a t i o n s can b e r e so lved t h r o u g h t h e m e t h o d of 
leas t s q u a r e s , for e a c h i t e r a t i o n , u n t i l c o n v e r g e n c y is r e a c h e d . 

T o reso lve t h e s y s t e m (7) to leas t s q u a r e s m e a n s finding a 
s o l u t i o n of: 

w h e r e A is t h e t r a n s p o s i t i o n of A. 

Since th i s t ype of p r o b l e m c a n b e m i s p l a c e d , a s e.g. d u e to 
a n i n c o r r e c t p a r a m e t r i z i n g o r d u e to lack of s o m e d a t a , a mod i 
f ica t ion of the c lass ica l leas t s q u a r e s is u s e d , ca l led Levenbe rg -
M a r q u a r d t a l g o r y t h m . Th i s m e t h o d c o n s i s t s in m i n i m i z i n g t h e 
func t ion 

w h r e 0 is a coeff ic ient to be a r b i t r a r i l y se lec ted . 

T h e s y s t e m to b e r e so lved t h u s b e c o m e s : 

w h e r e / is t h e i d e n t i t y m a t r i x . 

I t is p o s s i b l e to s h o w t h a t t h e p a r a m e t e r 9 gives r i s e t o a 
d i m i n u t i o n of va r i ancy , to t h e d e t r i m e n t of t h e r e s o l u t i o n (Jack
son , 1972). As a r u l e it is b e t t e r t o c h o o s e © as s m a l l as pos s ib l e , 
t h r o u g h a c o m p r o m i s e b e t w e e n s t ab i l i t y a n d r e s o l v a n c e . 

S o as to t a k e i n t o a c c o u n t the p o s s i b l e l a te ra l v a r i a t i o n s 
c o m p a r e d to t h e m o d e l e m p l o y e d , a l so t h e s t a t i o n r e s i d u e s h a v e 
been i n s e r t e d a s u n k n o w n p a r a m e t e r s . Obv ious ly , in t h i s case , 
a t leas t o n e of t h e r e s i d u e s m u s t r e m a i n fixed, t o a v o i d a « coup
ling » b e t w e e n ve loc i ty p a r a m e t e r s a n d s t a t i o n s r e s i d u e s . 

In the case of Norc i a , j u s t t h e f i rs t a r r i v a l s of t h e c o m p r e s 
s ion p h a s e w e r e used , a n d , a m o n g t h e e v e n t s local ized, t h o s e 
w e r e c h o s e n t h a t be longed to t h e m o s t t r u s t w o r t h y c lasses (A 
a n d B a c c o r d i n g to o u t l i n e H Y P O 71), t h a t c o v e r e d m o r e uni 
f o r m l y t h e s t u d y a r ea , w i t h p a r t i c u l a r r e f e r en ce to d e p t h . 

T h u s a b o u t 40 s e i smic e v e n t s r e s u l t e d useful w i t h r e f e r en ce 
to a n i n v e r s i o n a c c o r d i n g to t h e o u t l i n e d e s c r i b e d a b o v e . As ini
t ia l p a r a m e t e r s t h e r e s u l t s d e s c r i b e d in t h e c h a p t e r o n in s t ru 
m e n t a l se i smic i ty , w e r e u sed . 
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At th i s r e s e a r c h p h a s e w e p r e f e r r e d , so a s t o b e brief, n o t t o 
a s s ign w e i g h t s t o t h e r e a d i n g s of t h e f i rs t a r r i v a l s , even if d u e 
to t h e d i s h o m o g e n e i t y of the i n s t r u m e n t a t i o n u s e d , a t leas t t w o 
q u a l i t y c lasses c a n b e iden t i f i ed ( a c c o r d i n g to t h e d i f fe ren t re
c o r d i n g veloci t ies p o s s i b l e ) . 

T h e d a t a of the se t of 40 e v e n t s h a v e b e s i d e s b e e n sp l i t i n t o 
t w o even t g r o u p s , b o t h in o r d e r to a c c e l e r a t e e l a b o r a t i o n veloci ty 
a n d so as to tes t t h e s t ab i l i t y of r e s u l t s in f u n c t i o n of d i f fe ren t 
d a t a , chosen by c h a n c e . As a ru l e a swif t c o n v e r g e n c e in t h e p ro 
cess of success ive i t e r a t i o n s h a s b e e n f o u n d , o n s u b s t a n t i a l l y s ta
b le p a r a m e t e r s . A se r ies i n v e r s i o n s h a v e b e e n rea l i zed w i t h m o d e l s 
hav ing a n i n c r e a s i n g d e g r e e of c o m p l e x i t y ( g r e a t e r n u m b e r of 
l ayers ) , a n d w i t h t h e g r e a t e s t p e n e t r a t i o n s c o r r e s p o n d i n g to t h e 
g r e a t e s t d e p t h s of t h e e v e n t s e x a m i n e d ( a b o u t 12-13 k m s ) . S ince 
t h e n u m b e r of e v e n t s se lec ted in t h e first 4 k m s of c r u s t is rela
tively low, it w a s n o t p o s s i b l e to d e t e r m i n e m o r e t h a n a m e a n 
veloci ty va lue in th i s sec t ion of c r u s t . I n t a b l e 3 a r e r e p o r t e d s o m e 
of the r e s u l t i n g m o d e l s . As c a n b e seen , all t h e m o d e l s s h o w a 
m a r k e d i n v e r s i o n of ve loc i ty b e t w e e n 4 a n d 8-10 k m s d e p t h . T h e 
la te ra l v a r i a t i o n s f r o m s u c h m o d e l s ( c e n t e r e d u n d e r s t a t i o n P 19) 
a n d r e f e r r i ng essen t i a l ly to t h e e p i c e n t r a l a r e a , a r e n o t ve ry s t r o n g 
a n d s h o w a s l igh t d é p e n d a n c e f r o m t h e he igh t . T h e v a r i a t i o n s of 
s u c h r e s i d u e s a r e o n t h e a v e r a g e of a b o u t 0.1 s e c o n d s , t h e d iago
na l e l e m e n t s of t h e reso lv ing m a t r i x for v a r i a b l e s p e e d s a r e all 
a b o v e 0.75. 

I t is w o r t h w h i l e to n o t e t h a t , a l w a y s in the U m b r i a r eg ion , 
a b o u t 60 k m s n o r t h of the e p i c e n t r a l a r ea , s e i smic d e e p r e f r ac t i o n 
p r o b i n g s (Giese et . al., 1979) h a v e s h o w n t h e p r e s e n c e of a s low 
layer t h a t w a s a l so very p r o n o u n c e d , in t h e u p p e r p a r t of t h e 
c r u s t , a t a b o u t 5-8 k m s d e p t h . 
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