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RIASSUNTO. - Sono stati esaminati i risultati delle determinazioni ipocentrali 
delle scosse del per iodo sismico iniziato il 6 maggio nel Friuli. 

Una part icolare considerazione è stata rivolta al l 'evento pr incipale i cui 
pa ramet r i focali determinat i per via analitica, sono stati conf ronta t i con quelli 
de terminat i con metodi macrosismici . 

L 'evoluzione del f enomeno sismico è stata seguita con una rete di stazioni 
locali che ha permesso l ' individuazione degli ipocentri di circa 700 repl iche; il 
metodo util izzato è stato quello basato sulle differenze T<- - T P assumendo per il 

a 0 
fa t to re K il valore di 7.5 km/ sec . 

Una valutazione degli errori sperimental i effet tuata con un nuovo p rogramma 
di calcolo ha forn i to risultati compresi in + 2 km. 

Lo s tudio della migrazione degli ipocentri ha messo in evidenza la comparsa 
di att ività sismica sia come premoni tor ia ad un evento di maggiore magni tudo 
sia come ad esso conseguente. 

L 'evoluzione cronologica del f enomeno è stata rappresenta ta con p iante e 
sezioni l imitate per oppor tun i intervalli di tempo. 

1 risultati ot tenuti hanno evidenziato interessanti aspetti del per iodo 
sismico che si ritiene possano incoraggiare il proseguimento di studi in questa 
direzione. 

SUMMARY. - Results obtained by hypocentral determinat ion of 700 shocks 
of the Friuli ea r thquake have been examined. 

(*) C. N . E . N. - Labora tor io di Ingegneria del Sito-RAD-RS. C. S. N. 
Casaccia (Roma) . 

(**) I . N. G. - Osservator io Geofísico Centrale - Monteporz io Catone (Roma) . 
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Special care has been devoted to the ma in shock. A compar i son be tween 
focal pa rame te r s de t e rmined by analytical and macrose ismic m e t h o d s has been 
carr ied out . 

T h e t ime and space evolut ion of the p h e n o m e n o n has been fo l lowed 
by means of a n e t w o r k of local s tat ions wh ich a l lowed the de te rmina t ion of the 
hypocen te r s of abou t 700 a f t e r shocks . 

T h e analyt ical m e t h o d based on S„-/J
t, t ime interval has been employed , 

assuming a /¿-value of 7.5 k m / s e c . 
An evaluat ion of exper imenta l errors , p e r f o r m e d by means of an original 

code , yielded an accuracy of + 2 km. 
T h e s tudy of hypocen te r s migra t ion shows seismic activity bo th to 

p recede and to fo l low an event of grea ter magn i tude . 
Ep icen te r and hypocen te r d is t r ibut ions are plot ted in o rde r to depic t the 

t ime-evolut ion of the p h e n o m e n o n . 
Resul ts s h o w interes t ing fea tures of the seismic per iod w h i c h , in ou r 

op in ion , w a r r a n t the pursu i t of this k ind of invest igat ion. 

D E S C R I P T I O N OF THE S E I S M I C PERIOD. 

The seismic period of 1976 in Friuli s tarted, at least in its most 
remarkable nhase, on the evening of May 6 at 1 9 ' ' 5 9 " ' 0 3 s (G. M. T.) 
wi th a shock having a magni tude ML = 4.5 (RMP)* (probably the only 
foreshock) , fol lowed at 20 ' '00" ' 12s by the catas t rophic s'hock of magni-
tude Ml = 6.3 (RMP) . The very numerous af tershocks which fol lowed 
showed a distr ibution in time which is peculiar of the seismic events 
of high intensity and their distr ibution law as a funct ion of the magni-
tude was characterized by a value of paramet r b usual for the sites of 
the Medi te r ranean area. 

Such t rend, which appeared to be completely normal at the time, 
cont inued until the beginning of the month of September , when a 
renewal of the seismic activity was observed; this manifes ted itself on 
September 11 with the shock of magni tude 5.3 (RMP) at 16" 31" '12 s , 
which was fol lowed af te r only four minutes by the shock of magni tude 
5 .9(RMP) at 16 ' ' 35" '00 s . Also in this case the af tershocks showed a 
relatively rapid decay. 

* de te rmined at the Central Obse rva to ry of the Na t iona l Ins t i tu te of 
Geophys ics , Rome . 
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O n September 15, at 0 3 ' ' 1 5 " ' 4 9 s a new violent increase of the 
seismic activiy was observed with the shock of magni tude Mr. = 6.1 
(RMP) . This new activity reached a new maximum at 09 ' '21" ' 18s with 
the ear thquake of magnitude Mz. = 6.0 (RMP). Since that time and until 
March 1977, the seismic activity showed, generally, a descending fea-
ture; however , renewals both in the f requency of shocks and in their 
intensity were observed sometimes. 

S O M E CONSIDERATIONS ON THE MAIN SHOCK OF MAY 6 . 

The hypocentral determination of the main shock, obviously carried 
out f rom the data coming f rom the pre-existing seismographic stations, 
was difficult because of the overlapping of the first pulse to the pulse of 
the foreshock. 

In any case to carry out this determination a calculation pro-
gramme based on the times of arrival of the first pulse f rom the different 
stations was used; the travel times experimentally derived by prof . 
Caloi (') in the study of the ear thquake of Cansiglio (1936) were used. 

The result was the following (3): 

H = 20" 0 0 " ' 11.8s ± 0 . 4 S 

It is necessary to make some considerations on the errors involved 
in the determination technique. 

A first cause of error is related to the error with which the 
arrival time of the P wave, dependent on the velocity of the recording 
system and on the f requency response of the instrument, is read. 
Moreover , it should be taken into consideration that the phase considered 
as the first one in the seismogram does not always correspond to the 
actual first pulse coming f rom the source. This may be more especially 
true for those stations receiving the wave coming f rom the nodal plane 
and for those which are situated at par t icular distances f rom the 
epicenter . Fur thermore, one should carefully consider the possibility 
that the nearer stations, that is to-say more sensitive, could record as 

(p = 46.2660 N 

X = 13.250° £ 

/i = 20.1 k m 

± 0 . 0 2 7 ° 

± 0 . 0 2 9 ° 

± 3 . 8 km 
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a first pulse a phase which is otherwise mixed u p wi th the noise in 
the recording of the far ther , that is to-say less sensitive, stations. 

An evaluation of these errors, even if ra ther approximate , suggests 
to consider them within the confidence margins obtained wi th the 
least square method, previously discussed. 

As far as the hypocentral depth is concerned, the greatest error 
which can be made in its determinat ion is that of assuming a model of 
the propagat ion velocities ra ther different f rom reality. This systematic 
error is very difficult to estimate; several tests carried out using different 
models resulted in a wide variability for the depth , while, on the contrary, 
the position of the epicenter remained constant (3). 

The comparison of the result thus obtained with the results 
obtained with the method of macroseismic investigation will be shortly 
discussed. 

The epicentral determinat ion is generally made considering the 
epicenter as the center of the most damaged area. In this case this 
was found in an area between Gemona , Trasaghis and Osoppo . The 
discrepancy between the analytical epicenter and the macroseismic 
epicenter is only apparen t : in fact their definition is essentially different. 
The analytical epicenter is on the vertical line f r o m the spot where the 
f rac ture started. The macroseismic epicenter , located according to the 
damages caused to the buildings, is normally on the vertical line f r o m 
the spot of the focal volume nearest to the surface and can, fu r the rmore , 
be affected by part icular condit ions of the surface geology. 

The focal depth , as it is well known , can be calculated f r o m 
the distance between isoseismals of dilferent degrees. Generally, the 
well known formula is used (7): 

In this case the formula gave the value of h = 11.8 km. 
Another method to determine the focal depth is based on the 

K a r n i k ' s formula (5): 

[1] 

M = 0 . 6 6 / o + 1 . 7 log h — 1 .6 [2] 

which correlates the magni tude , the epicentral intensity and the focal 
depth . Assuming I0 = IX — X MSK and M = 6.3, h resulted = 9 . 1 km. 
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This depth is that of the part of the focal volume where the energy 
release contr ibuted for t'he greatest amount in causing the damages at 
the surface. 

H Y P O C E N T R A L D E T E R M I N A T I O N OF THE A F T E R S H O C K S . 

The scientific interest and the remarkable social aspects of the 
event of May 6 suggested the immediate intervention of three mobile 
stations of I . N . G . and three stations of C. N. E. N. These stations 
operated in the area, in cooperation with the stations already existing 
at dams of E. N. EL. (2). 

The development in time of the seismic phenomenon was fol lowed 
continuously by the local seismic stations, which sometimes were 
displaced to improve their operat ion (6). 

As known , the determinat ion of the hypocenters can be made , 
using the data of local stations, through two calculation techniques 
substantially different. These techniques can be reduced to the use of 
the only first arrivals, or to t'he intervals between the arrivals of the 
longitudinal and transversal waves. Wi thout going details concerning 

the two methods, it should be observed that the first method requires 
an accurate determinat ion of the absolute first-arrival times or the 
availability of a telemetric seismic ne twork . The second one, on the 
contrary, can leave out of consideration the absolute measurement of 
t'he time, but requires an accurate interpretat ion of the seismogram. 

The difficulty involved in the synchronization of the clocks used 
in the ne twork (due to the bad reception of the time-signals, and to the 
displacements of the stations) suggested the use of the classic method 
based on the differences Tsg—Tpe. Such time is proport ional to the 
hypocentral distance for the recording station, t rhough the factor 

An evaluation of the parameter K can be made experimental ly when 
a sufficient number of stations recording the same events (at least 4) 
is available. The tests carried out in this sense resulted in a mean 
valued of K= 7.5 k m / s e c . This value was successively used for all 
the 'hypocentral determinat ions. 
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Taking into considerat ion the possibility that the parameter K 
could be not perfectly known in the area under examinat ion, various 
tests were carried out to evaluate how these variat ions could affect the 
results obta ined. It was thus conf i rmed that, for a variability range of 
the K factor between the values of 7 and 8 k m / s e c , the scattering of 
the hypocentral coordinates was included in the variat ions related to the 
errors in the readings of times. 

E R R O R S IN THE S — P HYPOCENTRAL D E T E R M I N A T I O N METHOD. 

The error in the results of the calculations giving hypocentral coor-
dinates derives f rom the uncertainty with which the experimental data 
are read and depend on the number of stations and on their localization 
with regard to the hypocenter . 

The most important difficulty in the reading of the time differences 
S — P can be at t r ibuted to the detection by the operator of the exact 
arrival of the S phase in the seismogram. 

Consequently to minimize this cause of error , all the readings of 
seismograms for whic'h interpretat ion doubts existed, were rejected. 
Moreover , in the successive phases of the e laborat ion, all the data with 
large anomalous residues were el iminated; also the analytically impossi-
ble solutions were not taken into considerat ion. 

On readings wi thout interpretat ion doubts , in the case of recording 
speeds of 6 0 m m / m i n , the possible error was evaluated at a value of 
about ± 0 . 2 sec. Such value which we considered as the maximum 
value, is undoubtedly higher than that obtained wi th magnetic tape 
reproduct ions , as it is the case for some stations. 

The consequences deriving in the detection of the hypocenter f rom 
such reading error , 'have been careful ly analysed through a calculation 
programme on purpose prepared . The results, ra ther interesting, eviden-
ced the dependence of the error on the relative position of the stations 
with regard to the hypocenter of the shock. 

When the stations are located all a round the hypocenter , consti 
tuting a ne twork the size of which is of the same order of magni tude 
of the hypocentral depth , the error on the hypocentral coordinates is less 
than 2 km, and the error on the depth is lower. O n the contrary, if 
the distance among the stations is remarkably lower than the hy-
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pocentral depth , the error on the depth is still of the same order of 
magni tude , while the error on the epicentral localization increases. 

In the case of a ne twork composed of stations remarkably more 
distant than in the previous cases, the epicentral position remains 
relatively sure in its assessment, while the depts results ra ther uncer ta in . 

The most unfavourab le case is that of a ne twork not surrounding 
the hypocenter ; the stations supply data showing a remarkable scatte-
ring both of the epicentral coordinates and of the depth . 

M I G R A T I O N OF THE HYPOCENTERS. 

Interpret ing the seismograms recorded by the local stations, it 
was observed that the values of the hypocentral distances were constant 
for short periods of time. This observation suggested us to study 
the possible durat ion of the seismic activity in given zones of the interested 
area. For this purpose a calculation programme was adopted, which 
supplied the graphs showing the location of the hypocenters of the 
shocks for par t icular periods of time. 

Of ten the seismograms of a group of shocks, recorded in the same 
station, showed important analogies. 

First of all the epicentral positions of the shocks included between 
two events with high magni tude were plotted on maps. However , these 
graphs, though giving a clear representation of the migratory pheno-
menon, did not completely describe its complex trend. 

Successively, the area interested by the seismic phenomenon was 
subdivided into circular zones having an adequate radius. In most 
cases the circular zones were centered for the most part on the epicen-
tral posit ions of the shocks having higher magni tude. Thus the events 
occurred within the examined zones were evidenced in chronological 
order . The results obtained showed the appearance of the seismic 
activity in zones previously inactive, either as forerunners signs of more 
impor tant events, or as phenomena fol lowing such events (see Table 1). 

The periods of time characterizing such phenomena supplied us 
with a subdivision of the events to be used for fu r the r maps of the epi-
centers. Wi th reference to the same periods of time, N — S sections 
were also prepared , where the positions of the epicenters are represented. 
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The maps of the epicenters, obtained f r o m a computer pr in tout on 
an original scalel of 1: 100,000, are shown in figures la-26a. 

In these maps eac'h event is represented by a number indicating the 
depth in discrete classes of two kilometers . For instance, the n u m b e r 
0 indicates a depth between 0 and 2 km, and so on: n u m b e r 9 indicates 
a depth higher than 18 km. W h e n the n u m b e r is accompanied by an 
asterisk, this indicates an event of magni tude equal or higher than 4. 

The sections, also derived f rom an original scale of 100,000, are 
shown in figures lb-26b. In these figures the epicenters are indicated 
with little crosses when the magni tude is lower than 4, wi th asterisk 
when the magni tudes are higher. 

* obtained by maximum ampli tudes read on a seismograph previously 
calibrated with the standard «Wood-Anderson » instruments. 
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L I S T OF THE S T U D I E D SHOCKS. 

Meaning of the symbols. 

M -- mon th 

D - day 

T — origin time in hours , minutes , seconds (GMT) 

ML = local magni tude * (the value 0 corresponds to Mi < 2 . 5 ) 

LAT = lat i tude in degrees and thousandths , of the epicenter 

LONG = longitude in degrees and thousandths , of the epicenter 

H — hypocentral depth in km 

1 = zone centered on the point with coordinates 46 .380 N 13.220 E 

2 = zone centered on the point with coordinates 46 .380 N 13.120 E 

3 = zone centered on the point with coordinates 46 .340 N 13.000 £ 

4 = zone centered on the point with coordinates 46 .310 N 12.210 E 

5 = zone centered on the point with coordinates 46.290 N 13.100 £ 

6 = zone centered on the point with coordinates 46.250 N 12.950 E 

7 = zone centered on the point with coordinates 46 .240 N 13.270 E 

8 = zone centered on the point with coordinates 46.220 N 13.250 E 

9 = zone centered on the point with coordinates 46230 N 13.250 E 

The asterisk means that the event has an epicenter included in the 
circle with 5 km radius, centered on the point respectively indicated. 
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Seismic activity distributed on a remarkably wide area, showing a high 
paroxysm of the focal volume, wi thout preferential aligments. It should 



-si p r o f , k m " 
• u o 

a 

Z 

4 6°24 

4 6°J8: 

4 6° 12 

5 6 23 1 16 

be noted that the number of the events reported is only a small part of the 
events actually occurred. 











Figg. 4a-4b — From 5.11 22h I8m to 5.12 22h 32m . 
The shock of magnitude 5.3 on May II at 22h 44m is accompanied by 
a series of shocks which interested the same zone. In the western section 
of the map, an activity appears. 
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Figg. 5a-5b — From 5.12 22h 32m to 5.15 U h 1 9 m . 
The seismic activity, remaining in the central zone, shows a widening 
towards a south-eastern zone and its continuation in the western section 
wi th a shock of magnitude 4.7. 
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Figg. 6a-6b — F r o m 5.15 l l h 19m to 5.16 00h 32m . 
The activity is concentrated in the eastern section with a SW-NE 
alignement of epicenters. 
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Figg. 8 a - 8 b — F r o m 5.17 2 3 h 4 8 m to 5.20 2 2 h 0 5 m . 
The activity is widely diffused and reaches also the southern part of the map. 





Figg. 9a-9b — From 5.20 22h 05m to 5.23 14 h 01 m . 
In the souther n section a shock of magnitude 4.0 appears; it is accompanied 
by minor events. 





Figg. lOa-lOb — From 5.23 14 h 01 m to 5.25 22h 52m . 
The seismic activity, remarkably decreased and not accompanied by high 
magnitude shocks, covers in an almost uni form manner , all the map. In 
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the section an alignement of hypocenters still dipping towards N can be 
observed. 











Figg. I3a-13b — F r o m 6.3 19h 35m to 6.8 21h 40m . 

The epicenters seem to be aligned in a WSW-ENE direction, with a higher 
concentrat ion to W. 
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Tolmezzo 

Figg. 14a-14b — F r o m 6.8 2 1 h 4 0 m to 6.30 19 h 02 m . 
The distribution of the epicenters is interesting, mainly, three aligned 
sectors. The seismic activity in the western zone can be correlated with 



the shock of magnitude 4.2 on June 9, at 18 h 48 m . The activity of the central 
sector ends with the shock on June 26, at l l h 1 3 m , having a magnitude 

4.3. The eastern sector shows the appearance of low magnitude events. 



6 0 17 10 31 
Figg. 15a-15b — F r o m 6.30 19 h 02 m 

In the eastern sector on )uly 
occurs. Absence of activity in 

to 8.8 17h 10m. 
10 at 0 4 h l l m an event of magnitude 4.1 
the western sector. 





The activity is very weak. Epicenters appear in the northern part of the 
zone under examination. 













Figg. 19a-19b — F r o m 9.13 21h 25m to 9.15 0 3 h 5 5 m . 
The activity concentrates in the central part with low magnitude shocks, 
followed in the same zone by the event on August 15 at 03h 15m, of 
magnitude 6.1. 
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Figg. 20a-20b — From 9.15 03h 55m lo 9.15 17 h 26 m . 
The seismic activity, represented by a series of shocks of different magnitude, 
shows a sharp shifting towards N. A weak activity, concentrated to S-E, 
is also appearing. 
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Figg. 21 a-21b — From 9.17 17 h 26 m to 9.17 13h 15m. 
The distribution of the epicenters, though diffused, shows a higher 
concentration in the N sector. The alignement of the epicenters goes 
towards S. 





Figg. 22a-22b — From 9.17 13h 15m to 9.22 19 ] '29m . 

The activity decreases. A dip towards S of the alignement of the epicenters 
can still be observed. 





Figg. 23a-23b — From 9.22 191' 29nl to 9.25 20h 06m . 

No high magnitude shocks can be seen. A modest activity is 
to S-E. 

T 
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Figg. 24a-24b — From 9.25 20h 06m to 10.1 09h 08m . 

The activity is scanty. The most important observation can be made 
for the alignement of the hypocenters still towards S. 





Figg. 25a-25b — From 10.1 09h 08 m to 10.4 20h 17m. 
In the northern sector the activity is continuing. Also the alignement 

of the hypocenters is still dipping towards S. 





Figg. 2Ga-26b — F r o m 10.4 201 '17'" lo 10.9 22h 05m . 
The seismic activity has a low intensity, prevailingly concentrated in the 
northern sector. 
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C O N C L U S I O N S . 

T h e seismic activity in Friuli showed an evolution characterized 
by two periods of strong paroxysm. The first one started with the main 
shock of May 6; the second one included the shocks of September . 

Examining figures 1-26, it is possible to d raw some important 
conclusions, which can be resumed as fol lows: 

a) the distr ibution of the epicenters interested, as a whole , a 
surface of about 700 km2 ; the focal depths reached values of 20 km, 
approximately; 

b) in the first period of the seismic activity the southern 
area was more interested than in the second period; 

c) in the first per iod, the distr ibution of the foci pointed out , 
event if in a not too clear way, a stretching out of the epicenters in 
an E — W direction approximately and a dipping towards N of the 
al ignment of the hypocenters . This is in agreement wi th the faul t 
plane solution of the main shock which was character ized by a strike 
of the faul t plane in an E—W direction and a diping in a N direction, 
with an angle of 15°; 

d) the location of the shocks of the second period (September) 
is different. The shocks, in fact , seem to be more concentrated into a 
small zone of the examined area and to be distr ibuted on a plane 
steeply d ipping towards S; 

e) a comparison of the dis tr ibut ions of hypocenters with time 
pointed out some shocks which , occurred in limited areas where successi-
vely 'high magni tude events fol lowed, can be considerer as fo rewarn ing 
events (e. g„ figs. 2, 9, 14, 17, 19); 

/ ) an evaluation of the errors involved in the hypocenters deter-
minations excluded the possibility of detecting the seismogenetic ele-
ments, especially in the examined area, where the tectonic features are 
very complex; however , it can be affirmed that several tectonic s t ructures 
were connected with the observed seismic phenomena (e. g. figs. 6, 8, 
14, 18, 20). 

The results of this work show that in some cases a detailed study 
of the evolution of a seismic phenomenon can represent a useful ele-
ment for an early prognosis of a variat ion in the seismic activity. I t 
is ou r opinion that similar studies could possibly evidence some para-
meters useful in defining the probabil i ty of occurrence of dangerous events. 
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