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ABSTRACT 

Α moment tensor analysis is performed in order to estimate 
the active crustal deformation of the Italian peninsula and 
Sicily. Ιη northern Italy, along the Alps, the deformation is 
taken υρ as compression performed at an azimuth of 1620 and a 
rate of 1 mm/yr. Ιη central Italy, along the Apennines, extension 
is prevailing at an azimuth of 280 and a rate of 3 mm/yr which 
causes thinning of the seismogenic layer at a rate 0.5 mm/yr. Ιη 

southern Italy, at Calabria, the deformation is taken υρ as 
extension at an azimuth of 400 and a rate of 11 mm/yr. At the 
island of Sicily, compression is occurring at an azimuth of 250 
and a rate of 2 mm/yr. These results are in agreement with plate 
motion models for the area. 

ΕΝΕΡΓΟΣ ΠΑΡΑΜΟΡΦΩΣΗ ΤΟΥ ΦΛΟΙΟΥ ΣΤΗΝ ΠΕΡΙΟΧΗ 

ΤΗΣ ΙΤΑΛΙΑΣ ΚΑΙ ΣΙΚΕΛΙΑΣ 

κυρατζή,Α. 

Π Ε Ρ Ι Λ Η Ψ Η 

Η μελέτη της παραμόρφωσης της Ιταλίας και της Σικελίας 

έδειξε ότι στο βόρειο τμήμα, κατά μήκος των Αλπεων, επικρατεί 

συμπίεση με διεύθυνση 1620 και ταχύτητα 1 mm/yr. Στο κεντρικό 

τμήμα των Απεννίνων, ο φλοιός εκτείνεται κατά διεύθυνση 280 και 

ταχύτητα 3 mm/yr. Στη Καλαβρία, η παραμόρφωση του φλοιού 

πραΥματοποιείται πάλι σαν εφελκυσμός με ταχύτητα 11 mm/yr. Στη 

Σικελία, επικρατεί συμπίεση με ταχύτητα 2 mm/yr και διεύθυνση 

250. Τα αποτελέσματα αυτά είναι σε καλή συμφωνία με τα τεκτονικά 

μοντέλα Υια την περιοχή. 

INTRODUCTION 

The Italian peninsula and Sicily, located at the center of 
the Mediterranean Sea between two compressive zones belonging to 
the African and the Eurasian plates, is a region of interest from 
the geodynamical point of view. 

Geological and geophysical evidence suggests that the 
tectonics is characterized by extensional features along the 
Apennines, which were formed mainly in Miocene time by thrusting. 
Ιη the Calabrian arc, the tectonic setting is related to active 
volcanism and remnants of a northwest-dipping Benioff zone'. 
Earthquakes as deep as 500 Km are reported to occur in this area. 
The Alps in the north, take υρ some of the northward convergence 
of the African and Eurasian plates. This convergence is taken υρ 
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faster at western Sici1y at a rate of 8 mrn/yr, predicted by p1ate 
motions (DeMets et a1., 1990). 

The present paper examines the active deformation of the 
1ta1ian peninsu1a and Sici1y, as it is deduced from the 
seismicity and does not address the dri~ing forces responsib1e 
for the motions. Previous studies concernlng the tectonic pattern 
of the Adriatic area have been carried out by McKenzie (1972), 
Papazachos (1973), Gasparini et a1. (1982, 1985), Anderson and 
Jackson (1987a, b), Jackson and McKenzie (1988), Westaway (1990, 
1992), among others. 

ΜΕΤΗΟΟ OF DATA ANALYS1S 

The method of data ana1ysis fo11owed here is the one 
suggested by Papazachos and Kiratzi (1992), which is main1y based 
οη Kostrov's (1974), Mo1nar's (1979) and Jackson and McKenzie's 
(1988) formu1ations. The main contribution of the work of 
Papazachos and Kiratzi (1992) was to separate the foca1 mechanism 
from the sca1ar moment and to use historica1 as we11 as 
instrumenta1 data to define the moment rate re1eased in an area 
for the longest possib1e time period. The reader wi11 find a more 
detai1ed description of the procedure in Papazachos and Kiratzi 
(1992), Papazachos et a1. (1992} and Kiratzi (1992). 1η 

Papazachos and Kiratzi (1992) was found that a factor of 3 
uncertainty is mapped οη the estimated ve10city rates. 

ΤΗΕ ΟΑΤΑ 

A11 the sha110w earthquakes that occurred in the 1ta1ian 
peninsu1a and Sici1y, for the period 1873 - 1991, were co11ected. 
The main source of information for the period 1901-1974 was the 
cata10gue of Comninakis and Papazachos (1978). For the period 
1975-1991 the data were main1y co11ected from the regiona1 
bu11etins of 1SC. Other sources were used to enrich our data, 
especia11y with information οη historica1 earthquakes. Thus, 
information from cata10gues inc1uded in the work of Ambraseys 
(1976), Cagnetti and Pasqua1e (1979), Cipar (1980), Gasparini et 
a1. (1982, 1985), Martini and Scarpa (1983), Mantovani and Boschi 
(1983), Anderson and Jackson (1987a, b), Conso1e and Fava1i 
(1988), Jackson and McKenzie (1988), Margottini et a1. (1991), 
were a1so used. 

For the demands of this paper, the 1ta1ian peninsu1a and 
Sici1y have been separated in re1ative1y homogeneous sub-regions 
in order to investigate the deformation patterns. Thus, four 
areas are separate1y examined: a) the region of northern 1ta1y, 
which consists of the A1ps and part of northern Apennines, b) the 
region of centra1 1ta1y, south ο! 43 0Ν, a10ng centra1 Apennines, 
c) the region ο! southern Apennines and Ca1abria, south of about 
40.2~ and d) Sici1y. 

Figure (1) shows the distribution ο! the sha110w seismicity 
for the 1ta1ian peninsu1a and Sici1y. Different sizes are used 
to denote different earthquake magnitudes. 

Figure (2) shows the Gutenberg-Richter re1ation determined 
for each area ο! study. 1t is seen that the b-va1ue is higher in 
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northern Italy (1.13), reduces to 0.90 in central Italy to 
becomes 0.75 in Calabria and Sicily. 

Ιη order to determine the moment-magni tude relation we 
assumed that the slope οί the best-fitting line equals 3/2, 
experimentally defined by Kanamori and Anderson (1975). Figure 
(3) shows the data used (scalar moments and magnitudes listed in 
table Ι), and the relation obtained is the following: 

LogM = 1. 5Μ + 16.27 
The dashed 1ine in this f'igure is' the relation οί Giardini et al. 
(1984) proposed for the shallow and deep seismicity οί the 
Mediterranean area. 
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Fig.l. Distribution of the shallow seismicity (complete data) 
of the Italian peninsula and Sicily. The regions studied 
are also shown. 
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Fig.2. The frequency magnitude relation for each area of study. 
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Fig.3. The moment-magnitude relation applicable to the area of 
study (straight llne). The dashed line represents the 
relation 
region. 

of Giardini et al. (1984) for the Mediterranean 

ΤΗΕ FOCAL MECHANISMS 

Table 1 lists the fault plane solutions and the 5calar 
moments (determined by waveform analysis} of the earthquakes. 
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Figure (4) shows these focal mechanisms. 
a) Northern Italy - Alps - Northern Apennines 

Seven fa~lt p1ane solutions were used in the analysis 1isted 
with numbers 7, 8, 9, 10, 11, 12 and 22 in tab1e 1. The maximum 
magnitude for this region was taken equal to 6.8 (event of June 
29, 1873). 
b) Central Italy - Central Apennines 

Ten fau1t p1ane solutions were used in the ana1ysis 1isted 
with numbers 2, 3, 16, 19, 20, 21, 23, 24, 25 and 27 in tab1e 1. 
These foca1 mechanisms indicate norma1 fau1ting in WNW-ESE 
striking p1anes fo11owing the trend of the Apenninic chain. 
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Fig.4. Fau1t p1ane solutions of the sha110w earthquakes of the 
Ita1ian peninsu1a and Sici1y. 
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-----------------------------------------------------------------------------

-----------------------------------------------------------------------------

οη οηTable 1. Information the seismic moments and the foca1 
mechanisms of the sha110w earthquakes occurred at the 
Adriatic area. 

Να Date Time φ"Ν λΟΕ h{km) H Ho{dyncm) strO dipo rakeo Ref s 

1 Dec 12, 1908 04: 20 38.10 15.35 10 7.0 208 55 -67 2 
2 Aug 21, 1962 18:09 41.00 15.00 8 5.6 310 65 -130 3 

113 18:19 41.02 15.02 8 6.1 3.5 *1024 310 65 -110 3 
4 Jan 15, 1968 02:01 37.75 12.98 10 5.8 270 50 35 2 
5 Jan 16, 1968 16:42 37.86 12.98 36 5.5 250 58 18 2 
6 Jan 25, 1968 09:56 37.69 12.97 3 5.5 270 64 31 2 
7 Jul 15, 1971 01: 33 44.78 10.34 8 5.2 250 84 132 2 
8 May 6, 1976 20:00 46.25 13.24 8 6.5 2.9 *1025 76 75 90 1 
9 Sept 11,1976 16:31 46.28 13.16 16 5.5 76 73 90 2 

10 16:35 46.30 13.20 20 5.4 91 80 90 2 
11 Sep 15, 1976 03: 15 46.30 13 .20 10 6.0 1. Ο *1025 270 40 126 2 
12 11 09:21 46.32 13.13 17 5.9 1. Ο 56 67 70 1*1025 
13 Aug 15, 1977 21:10 38.85 16.98 40 5.0 8.2 *1023 4 
14 Mar 11, 1978 19:20 38.10 16.03 15 5.0 8.4 *1023 4 
15 Apr 15, 1978 23:33 38.39 15.07 21 5.7 1.39*1025 148 55 153 2 
16 Sep 19, 1979 21:35 42.81 13.06 16 5.8 6.92*1024 212 55 -30 2 
17 Dec 8, 1979 04:06 38.28 11.74 15 5.3 1.3 *1024 254 56 136 2 
18 May 28, 1980 19: 51 38.48 14.25 12 5.5 3.84*1024 278 37 130 2 
19 Ναν 23, 1980 18:34 40.76 15.33 10 6.9 2.43*1026 116 30 ~108 2 
20 Νον 25, 1980 18:28 40.15 15.36 15 5.3 1.5 *1024 129 26 -65 4 
21 Jan 16, 1981 00:37 40.13 15.23 15 5.3 8.5 *1023 115 30 -93 4 
22 Νον 9, 1983 16:29 44.73 10.40 37 4.9 4.5 *1023 262 71 129 4 
23 Apr 29, 1984 05:03 43.26 12.56 12 5.3 3.4 *1024 143 21 -72 4 
24 May 7, 1984 17:49 41.77 13.90 10 5.8 7.82*1024 312 66 -110 4 
25 May 11 , 1984 10:41 41.83 13.96 14 5.2 2.03*1024 317 49 -103 4 
26 Apr 26, 1988 00:53 42.37 16.61 8 5.5 1.4 *1024 5 
27 May 5, 1990 07:21 40.73 15.86 5 5.5 5.7 *1024 184 73 13 5 
28 Dec 13, 1990 00: 24 37.20 15.50 10 5.3 3.3 *1024 4 

1 Cipar (1980), 2 Anderson and Jackson (1987a), 3 Westaway (1987), 4 Centroid 
Moment Tensor solution, 5 ISC bulletins. 

~c) Calabria - Southern Apennines 
Unfortunate1y in this region there were ηο fau1 t p1ane 

solutions for any earthquake after 1964. The occurrence of the 
1908 Messina earthquake and the norma1 fau1ting invo1ved, (see 
tab1e Ι), dominates. This event, resemb1ing the 1783 Calabrian 
event, caused many casua1ties especia11y in Reggio Ca1abria, and 
is the 1argest and most catastrophic earthquake in Ita1y of the 
last century. Its fau1t p1ane solution shows norma1 fau1ting in 
an a1most NS trending p1ane. Since we did not have any fau1t 
p1ane solutions for the area and there is evidence of active 
norma1 fau1ting, we assumed that the solutions for this area wi11 
be simi1ar to the ones observed in centra1 Ita1y. Then we 
ca1cu1ated the deformation rates for the corresponding 
seismogenic vo1ume of Ca1abria. The maximum earthquake magnitude 
was taken equa1 to 7.3 (Pizzo Ca1abro event of September 8, 1905 
in southern Ita1y). 
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d) Sicily 
Six fau1t p1ane solution were used 1isted with numbers 4, 

5, 6, 15, 17 and 18 in tab1e Ι. The fau1t p1ane solutions in 
western Sici1y show thrusting with considerab1e strike slip 
motion in WNW-ESE oriented p1anes. There was ηο earthquake 
greater than 6.0 in the present century, nor ever reported in 
cata10gues spanning 2000 years (Gasparini et a1., 1985), so we 
assumed that the maximum magnitude for the area equa1s 6.3 (6.0 
p1us the standard error in the magnitude ca1cu1ation}. 

RESULTS AND DISCUSSION 

Tab1e 2 summarises the resu1ts οπ the deformation rates for 
each region.The 1ength, the width and the azimuth of each 
deforming zone were ca1cu1ated from the distribution of the 
seismicity. The thickness of the seismogenic 1ayer was assumed 
to be 15 Km. 

Figure (5) is a sketch map which summarizes the maximum 
seismic ve10cities in the Ita1ian peninsu1a and Sici1y. Diverging 
arrows denote extension, whi1e converging ones denote 
compression. Northern Ita1y, a10ng the A1ps and northern 
Apennines, is undergoing compression at an azimuth of 1620 and a 
rate of 1.3 mm/yr. This compressiona1 deformation pattern is in 
accordance with the counterc1ockwise rotation of the Adriatic 
Sea. Our resu1ts indicate a faster shortening in the A1ps than 
the va1ue of 0.1 mm/yr ca1cu1ated by Westaway (1992). 

Centra1 Ita1y and centra1 Apennines are undergoing crusta1 
extension at Ν28 0Ε and a rate of 3.1 mm/yr. This extensiona1 
tectonics cause thinning of the seismogenic 1ayer at a rate of 
0.5 mm/yr. Anderson and Jackson (1987a} and Jackson and McKenzie 
(1988) ca1cu1ated rates of 1.3-3.5 mm/yr, whi1e Westaway (1992) 
ca1cu1ated an extension rate of 5 mm/yr. The seismic shortening 
in coasta1 Yugos1avia was ca1cu1ated equa1 to 1.0-2.4 mm/yr 
(Jackson and McKenzie, 1988; Papazachos et a1., 1992). So, it 
100ks that the extension rate in centra1 Ita1y and the shortening 
rate in southern coasta1 Yugos1avia are, within error 1imits, 
approximate1y the same. 

ΙΠ Ca1abria and southern Apennines the crust is extended at 
a rate of 11 mm/yr at Ν40 0Ε. If we inc1ude the event of 1908 in 
the moment tensor summation then this rate reduces to 7 mm/yr and 
the azimuth becomes Ν77 0Ε. The occurrence of the 1908 Messina 
event suggests that the compressiona1 tectonics re1ated to the 
subduction are not occurring in Ca1abria. This norma1 fau1ting 
in southern Ita1y is probab1y due to the 1atera1 streching of the 
crust produced by the strong curvature in this part of the arc 
(De Nata1e, 1989). It seems that the boundary between the norma1 
fau1ting and the nearby thrusting is very sharp and it is not 
very easy to define it. 

Ιπ Sici1y, the deformation is taken υρ by compression 
performed at an azimuth of 250 and a rate of 2.1 mm/yr. It seems 
that the extension in centra1 Ita1y and the shortening in Sici1y 
are performed at about the same azimuth, the extension being a 
1itt1e faster. The Africa-Eurasia po1e of Jackson and McKenzie 
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Table 2. Strain rates and νelocity rates for the Italian 
peninsula and Sicily Northern Italy - Alps - northern 
Apennines. 

Μ Length(Km) Width{Km) ΑΖΟ b a(yr) Μ dynCm!yr 
6':"8 500 180 76 1.13 5.61 0.°96*102 
Strain rates *10-8jyr ε ε εε ε ε 

- Ο ~E3 0.119 0.8~ -ο. ΟΙ - Ο .231 οΛ;5 
Velocity rates (mmjyr) v v v V v 

-1.11 0.41 0.125 Ο. u3 -o~o~ 0.~8 
Eigenvalues of the velocity tensor: λ : (mmjyr) AzimuthO ρι ungeO 

-1.29 162 11 
0.17 77 -24 
0.14 50 63 

Central Italy - central Apennines 
~":"f Len~1~ (Km) Widi~6Km) 14~ZO ob. 90 4a.V;) 0\~r~3wyr 
Strai n rates *10-8jyr εJ.2 εΖΖ. ε 23.ε ιι ε l3 ε 33

1.46 1.~~ 1.0/ I.Ul l.j4 -2.47 
Velocity rates (mmjyr) v v v v v v 

2.~ΙO 1.28 0.132 0.~6 0.41J -0.3'7 
Eigenvalues of the velocity tensor: λ : (mmjyr) AzimuthO PlungeO 

3. i 1 28 8 
-0.53 102 -64 
0.01 121 25 

Calabria - southern Apennines 
~ Length{Km) Width(Km) AzD b a(yr) Μ dyncm/yr 
7" 300 100 40 Ο . 75 3. Ο 6 Ο .°12*102 
Strain rates *10-8jyr εΗ ε ε ε ε ε 

2.12 l.g~ 1.5~ 1.47 1.294 -3.~9 
Velocity rates (mmjyr) v 

6. ~14 5~49 OV.146 /~2 o~~Έ _0.ν5~ 
Eigenvalues of the velocity tensor: λ.: (mmjyr) AzimuthO PlungeO 

li.09 40 4 
-0.63 117 -74 
-0.05 131 16 

Sicily 
Μ Length(Km) Width(Km) ΑΖΟ b a(yr) Μ dΥnCΨΥr 
6'" 230 90 40 0.75 3.05 0.°21*102 
Strain rates *1O-8jyr ' ει, ε ε ε ε ε 

-0.72 -0.~8 -0.1~ o.l~ 0~35 0.~7 
Velocity rates (mmjyr) vLl v12. v13 v(J. v21 v33 

-1.b4 -o.~~ -0.υ5 -0.υ4 0.11 0.u9 
Eigenvalues of the velocity tensor: λ.: (mmjyr) AzimuthO PlungeO 

-2.08 25 -ο 
0.44 115 18 
0.05 115 -72 

(1988) and the NUVEL-1 model of DeMetts et al. (1990) predict a 
νelocity of 8 mm/yr in Sicily. The results obtained here probably 
indicate that a part of the total deformation is expressed 
aseismically in this region. 

456 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



ο 

"ς 

• ο· 

.~. 
45· 

. ~ 
.--/ 

α 

Ό r:1·"'''hf?ηί~" " 40· 
~ ..
 
21 

γ,/οc;", 
4ιπ mnI<vr) 

10· 15' 

Fig.5. Schematic surnrnary of seismic deformation rates (maximum 
ve1ocities, in rnrn/yr) of the Ita1ian peninsu1a and Sici1y. 
Diverging arrows denote extension whi1e converging ones 
denote shortening. The ve10city rate for coasta1 Yugos1avia 
is from Papazachos et a1. (1992). 
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