
Journal of Structural Geology. Vol. 4. No. 4. pp. 385 to 393. 1982 0191-8141/82/040385-09 $03.(10/0 
Printed in Great Britain © 1982 Pergamon Press Ltd. 

Geometry of the neotectonic stress field in southern Italy: geological and 
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Ala~r~'t--The neoteetonic regime in southern Italy has been evaluated by making a comparison between all the 
available structural and seismological data. The area investigated can be subdivided into four distinct zones which 
are characterized by different stress regimes. In the Southern Apennines the tensile axis of the stress field is 
oriented approximately NE-SW while the maximum principal stress (ol) is subvertical. In Northern Calabria, 
the tensile axis is ESE-WNW and the o~ axis is almost vertical. In the Catanzaro trough both the tensile axis and 
the ol axis are subhorizontal and act E - W  and N-S, respectively. Finally, the Strait of Messina zone is charac- 
terized by a tensile axis oriented E - W  and by trl being subvertical. 

INTRODUCTION teristics of the stress field as derived from a comparison 
between structural data (collected in a few test areas) 

SOU'mEm~ Italy is one of the most seismically active and seismological data relative to a set of fault plane 
areas in the Western Mediterranean. It is characterized solutions of crustal seismic events which have occurred 
by intense surface seismic activity and by the occurrence since the beginning of this century. 
of intermediate and deep focus earthquakes located 
beneath the southern Tyrrhenian Sea (Gasparini et al. 
1982) The reconstruction of the present-day stress 
regime in the area is, therefore, of great interest for STRUCTURAL SETTING 
defining seismogenetic structures, for obtaining in- 
formation about processes occurring at the earthquake According to Scandone (1979) and Cello et aL (in 
sources and for a general understanding of the dynamic press) Southern Italy comprises five main structural ele- 
evolution of the lithosphere (Mercier et aL 1979). It is ments (Fig. 1). 
well known that the evaluation of stress field characteris- The Apulian foreland, located to the east, is con- 
tics can be achieved by different methods: in situ stress sidered to be the African margin of the chain (Scandone 
measurements, fault plane solutions of earthquakes and 1979). It is made up of a thick carbonate sequence rest- 
structural analysis, ing on a differentiated crystalline basement. 

In situ stress measurements, despite interpretative dif- The Bradanic trough, which is characterized by Plio- 
ficulties, are extremely useful for the definition of stress Pleistocene sediments, is filled mainly by clays grading 
field geometry and, especially, for obtaining informa- upwards to coarse-grained deposits. 
tion about the effective values to be assigned to the three The Apenninic chain, which is made up of several 
principalstress components (o1> o2 > o3). Unfortunate- nappes belonging to different palaeogeographic 
ly, such measurements are difficult to extrapolate in domains, has been built up since Burdigalian time and its 
space because they can be affected by very local factors vergence (direction of tectonic transport) is towards the 
which do not reflect the regional pattern of the stress African foreland. 
field. The Calabrian-Alpine chain consists of different tec- 

Focal mechanisms of earthquakes are of great use in tonic units composed of ophiolites and their sedimentary 
those regions where geological structures are seismically cover (derived from Tethys) and of metamorphic rocks 
active but, as with in situ stress measurements, seismo- (derived from the deformation of the African palaeo- 
logical analysis provides information only on the margin). The chain overlaps the Apenninic nappes and 
present-day configuration of the stress field. For these was built up during the Upper Cretaceous-Palaeogene; 
reasons structural analysis, where applied in conjunction its direction of vergence is towards Europe. 
with the other methods, is a useful and powerful tool to The Tyrrhenian Sea, located at the western end of the 
extend the required information in space and time. system, represents a recent extensional feature related 

Because there are no presently available results on in to rifting processes which started about 12 Ma ago in 
situ stress measurements for southern Italy, we are con- connection with the upwelling of asthenospheric mantle 
cerned in this paper only with the geometrical charac- (Scandone 1979). 
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Fig. 1. Structural sketch map of southern Italy. 

STRUCTURAL DATA tively. The NNE-SSW directed structures are the most 
abundant and are characterized by normal faults with a 

The structural data used for the present study were minor left-lateral component of motion (Table 1 and 
collected mainly from middle-late Pleistocene sedi- Figs. 2a & b). 
ments and from middle-late Pliocene-early Pleistocene Data collected in the Sele Valley show that the con- 
sequences in several intra-chain basins, glomerates are affected mainly by WNW-ESE and 

For the Southern Apennines we analysed brittle struc- NE-SW trending fault planes characterized by vertical 
tures affecting middle Pliocene fine-grained sands in the displacements ranging from a few centimetres to a few 
Ariano-Irpino basin, pyroclastites of the Mount Vul- metres. Evidence of strike-slip motion with left-lateral 
ture Volcano (0.5 Ma), Gunz-Mindel conglomerates shear occurs on some of the WNW-ESE oriented struc- 
exposed in the Lower Sele Valley and Mindel-Riss tures and right-lateral shear on some of the NE-SW 
lacustrine sediments in the Mercure basin, faults. A third set of structures, which represents less 

The structures observed in the Ariano-Irpino basin than 10% of the total number of measurements taken in 
are mainly mesofaults, striking WNW-ESE, which this area, is characterized by extension fractures striking 
show decimetric vertical displacements whereas the ENE-WSW (Table 1 and Figs. 2c & d). Finally, in the 
Mount Vulture pyroclastites are affected by two fault lacustrine sediments of the Mercure basin there are only 
systems striking NNE-SSW and WNW-ESE, respec- a few mesofaults which show decimetric displacements, 
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Fig. 2. Pole density diagrams (lower hemisphere Schmidl projection) of minor faults and joints. (a) Low Sele valley 
conglomerates. (b) Mt. Vulture pyroclastites. (c) Lacustrine deposits of the Mercure basin. (d) Marine terrace deposits 
of eastern Calabria. (e), (f) and (g) Sediments of the Catanzaro trough. (h) and (i) Coarse-pained deposits of the Reggio 
Calabria basin. (I) (m) and (n) Middle-upper Pleistocene terrace deposits of the Catanzaro trough. (o) Late 
Pliocene-late Pleistocene sediments of the Reggio Calabria basin. (p) Mesofaults and extension fractures from Bous- 
quet et al. (1980). For further explanation see text. For each diagram the total number of measurements (n) and the 

density lines intervals (A/) are also given. 



388 G. CELLO, 1. GuEgaX, L. TORTOmCI, E. TURCO and R. SCARPA 

Table 1. Location data and solutions obtained from structural analysis 

N Nt Lat Lon StA PIA StB PIB Ta Pa Tb Pb Tc Pc 

a 39 41.03 15.10 102 70NE 111 67SW 115 87 296 10 208 02 

b 49 40.55 15.45 010 70E 110 64SW 330 30 158 55 062 05 

c 328 40.32 14.58 050 45NW 110 60SW 068 58 270 32 178 05 

d 123 40.35 15.10 060 50NW I00 70SW 076 48 272 40 172 10 

e 96 39.58 16.00 030 85NW 115 88NE 071 02 310 88 160 00 

f 55 39.55 16.06 0~ 80NW 108 85NE 068 08 300 85 152 05 

g 66 39.48 16.30 015 82W 026 78SE 026 77 187 03 268 00 

h 254 39.30 16.15 010 85E 034 74NW 210 50 020 55 110 20 

i 65 39.32 16.54 048 60SE 050 75NW 160 82 050 00 318 10 

1 48 38.55 16.45 109 70N 118 60SW 134 73 314 10 021 I0 

m 44 38.53 16.25 130 80SW 175 85E 332 16 160 70 061 03 

n 85 38.40 16.02 038 72SE 115 65SW 089 05 180 62 348 26 

o 121 38.00 15.42 102 80SW 175 90 318 05 160 87 045 02 

p 246 38.10 15.42 008 75E 031 65NW 215 85 011 05 108 02 

N, catalogue letter, for location see Fig. 6: Nt, number of measurements; Lat, latitude; Lon, longitude; StA. strike of the A plane; PIA. plunge 
of the A plane; StB, strike of the B plane; PIB, plunge of the B plane; Ta, trend of the at axis; Pa, plunge of the al axis; Tb. trend of the 02 axis; 
Pb, plunge of the 02 axis; Tc, trend of the o5 axis; Pc, plunge of the o5 axis. 

while most of the observed structures are joints striking acting in each area. Relationships between tectonic 
N E - S W  and N W - S E  (Table 1 and Figs. 2e & 0- discontinuity surfaces (joints and faults) and the state of 

For Northern Calabria, data were coUeeted from late stress responsible for generating them can be inferred on 
Pliocene-early Pleistocene sediments in the Craft basin the basis of generalized rupture criteria of the 
and from marine terrace deposits ascribed to the late Mohr -Cou lomb  type (Anderson 1951, Friedman 1964). 
Pleistocene. The structures affecting these sediments For further discussion about methodological constraints 
are mostly normal mesofaults striking N N E - S S W  see Kohlbeck & Seheidegger (1977) and Hancock & 
(Table 1 and Figs. 2g & i). Supplementary information Barka (1981). The solutions obtained are listed in 
relative to this area was taken from Tortorici (1981) Table 1. 
(Table 1 and Fig. 2h). For  the Southern Apennines,  structural data are too 

Other  data were collected in the middle-upper  Pleis- scanty to be significant for the whole area; nevertheless 
tocene terrace deposits of the Catanzaro trough. The the available information gave us the opportunity to 
structures observed consist of normal mesofaults and evaluate the stress regime in the mesoseismic zone of the 
joints generally striking N W - S E  (Table 1 and Figs. 23 November  1980 earthquake (Cello et  al. in press). 
21-n).  The area is subject to a general extension in a 

In Southern Calabria we measured normal mesofaults N N E - S S W  direction, as derived from the analysis of 490 
affecting late Pliocene-late Pleistocene sediments in the measurements collected from three stations located 
Reggio Calabria basin (Table 1 and Fig. 2o). Data  on within the mesoseismic zone itself (Figs. 2b -d  and 
246 mesofaults and extension fractures, taken from Fig. 5). Supplementary information relative to ground 
Bousquet et  al. (1980), were replotted (Table 1 and deformations generated in connection with the main 
Fig. 2p). seismic event was taken from Carmignani et  al. (in 

A statistical analysis of the minor structures allowed press). If one considers the N - S  and N W - S E  frequency 
us to define the complete geometry of the stress field maxima depicted in Fig. 3 as representing conjugate sets 

of shear fractures, then it follows that the orientation of 
IN the horizontal component  of the 05 axis is approximately 

the same as inferred earlier. 
More complete studies have already been carried out 

in Northern Calabria (Guerra et  al. in press). The results 
of these studies provide evidence that the area inves- 
tigated is mainly characterized by a W N W - E S E  exten- 
sion. A completely different pattern has been obtained 
for a narrow zone located within the Catanzaro trough. 

. , ._ , ._  Here the 05 axis shows a significant variation from a N-S  
to E N E - W S W  direction. Fig. 3. Rose diagram showing the strikes of ground deformations 

generated by the main seismic event of the 23 November 1980 earth- For Southern Calabria data relative to brittle 
quake (modified from Carmignani et al. in p r e s s ) ,  deformation affecting the sediments of the Reggio 
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Table 2. Location data and fault plane solutions of crustal earthquakes of 4 < M < 7 which have occurred in Southern Italy during this century 

N Date Hh Lat Lon H M StA PIA S~B PIB Pt Pp Bt Bp Tt Tp 

1 8. 9.1905 01.43 38.25 16.00 10 7.0 045 77NW 137 79NE 090 02 351 65 181 17 

2 28.12.1908 04.20 38.12 15.60 10 7.0 028 55NW 169 48NE 173 68 281 07 013 20 

3 11. 5.1047 06.22 38.69 16.78 14 5.6 026 77NW 122 68NE 162 25 358 65 255 06 

4 21. 8.1962 18.09 41.23 15.01 25 5.7 032 65SE 118 81NE 347 11 099 64 252 24 

5 21. 8.1962 18.19 41.25 15.05 28 6.1 012 34NW 134 70NE 187 56 324 27 065 20 

6 6. 5.1971 03.45 41.20 15.24 33 4.8 072 86NW 162 86NE 297 02 039 83 207 07 

7 13. 4.1973 08.12 38.97 16.92 43 4.5 031 89SE 067 03NW 124 44 031 03 299 46 

8 8. 8.1973 ~ 14.36 40.72 15.41 5 4.6 026 86SE 113 54NE 256 62 027 51 154 68 

9 16. 1.1975 00.09 38.14 15.71 21 4.6 062 85SE 152 58NE 192 19 070 58 292 26 

10 15. 4.1978 23.33 38.29 15.70 10 5.6 060 72NW 147 83SW 194 08 306 71 102 18 

11 20. 2.1980 02.34 39.32 16.20 10 4.4 007 47W 062 58SE 026 59 220 31 127 07 

12 20. 2.1980 02.40 39.33 16.19 10 4.3 030 48NW 042 43SE 057 83 215 07 306 03 

13 9. 3.1980 12.00 39.99 15.91 10 4.3 022 61NW 068 39SE 066 64 216 24 312 11 

14 14. 5.1980 01.40 40.36 15.77 15 4.2 120 61NE 130 30SW 197 74 302 05 034 16 

15 32.11.1980 18.34 40.77 15.30 18 6.8 118 64NE 145 29SW 183 68 303 12 037 18 

N, catalogue number, for location see Fig. 6. Hh, time; Lat, latitude; Lon, longitude; H, depth; M, magnitude; StA, strike of the A plane; 
PIA, plunge of the A plane; StB, strike of the B plane; PIB, plunge of the B plane; Pt, trend of the P axis; Pp, plunge of the P axis; Bt, trend 

of the B axis; Bp, plunge of the B axis; TL trend of the T axis; Tp, plunge of the T axis. 

Calabria basin indicate that a more complicated pattern example the one relative to the 1905 earthquake, the 
of o3 axes exists in the Strait of Messina area. Perhaps identification of the nodal planes largely remains uncer- 
this could be explained by either the fact that the number tain. Nevertheless the solutions obtained show that, in 
of measurements taken in some of the stations was insuf- the whole region, the predominant motion during the 
ficient for obtaining a statistically significant solution, or largest earthquakes is related to normal faulting. Secon- 
that the method of analysis does not eliminate spurious dary strike-slip motion is present for smaller earth- 
deviations about the mean values. Alternatively, one quakes and is distributed along the boundaries of the 
must admit that it is possible to find consistent variations structural segments into which the Calabrian arc and the 
in the stress-field geometry within a very narrow zone. Southern Apennines are divided. This pattern is com- 
More recent data relative to middle Pleistocene terrains patible with the fault plane solutions obtained and with 
seem, however, to confirm a general E - W  extension thecharacter of the deep and intermediate earthquakes 
(unpublished data), of the Southern Tyrrhenian Sea. However, the most 

outstanding feature made evident by seismological 
analysis, is represented by a significant variation of the 

SEISMOLOGICAL DATA dip and azimuth of the tensile (T) axis between the 
Southern Apennines and the Calabria-Peloritani arc. In 

Earthquakes of M > 4 which have occurred in Northern Calabria two fault plane solutions relative to 
Southern Italy in this century, are listed in Table 2 small earthquakes occurring on 20 February 1980 (M~ ffi 
together with the nodal planes of their fault plane 4.~ and 4.3) indicate tensile stresses oriente~l 
solutions. P-wave polarity distribution has been matched NNW-SSE.  An M~=5.6 crustal earthquake which 
to a double-couple source model in order to evaluate the occurred in the Gulf of Squillace area on 11 May 1947 
nodal planes. Incidence angles have been calculated ac- indicates strike-slip motion with the T axis oriented 
cording to the travel-time tables given by Herrin et al. E-W.  Normal faulting with the same orientation ac- 
(1968). The evidence has been discussed previously by companied the Strait of Messina earthquake which 
Gasparini et al. (1982) but further information concern- occurred on 18 December 1908 (Ms = 7.0). 
ing the 8 September 1905 and 8 August 1973 earthquakes In the Southern Apennines a variety of fault plane 
is used in the present work. Data and results are given Solutions exist, indicating the predominance of normal 
in Fig. 4 and plotted in Fig. 5 on an equal-area, lower- faults striking in the same direction as the mountain 
hemisphere, projection. It is possible to evaluate the range. Strike-slip motion is present in the Gargano 
reliability of individual fault plane solutions from Fig. 4, region and along the lateral segments of the chain. In 
and. as can be seen, there is a marked difference in the particular, this type of motion is made evident by fault 
quality of the data as a result of the wide ranges in both plane solutions relative to a structure connecting the 
time and magnitude. For some of the solutions, for Gargano region to Vesuvius. It is also important to note 
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Fig. 5. Stress field geometry in southern Italy as derived from seismological and structural data. Fault plane solutions 
relative to crustal earthquakes with 4 < M < 7 are indicated using the same numbers given in Table 2. Structural 
solutions are indicated with letters (see Table 1). For the latter solutions ol ( I ) ,  o2 (O) and o3 ( • )  axes are also given. 
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Fig. 6. Sclunidt projection (lower hem/sphere) of principal stress directions. Circles represent oi axes, squares o2 axes 
and triangles o3 axes; open s~nbols refer to solutions derived from sm]cxur~ anal~/s and dosed s~nbols refer to fault 

Diane solutions. 

that this s~ructure limits the northwestern side of the NW-SE oriented fault planes, and right-lateral 
rupture zone of the 2.3 November 1980 earthquake strike-slip motion on NE-SW oriented far  planes. 
(Gruppo di Lavoro Sismometria in press). For Northern Calabria the stress field geometry in- 

dicates that the neotectonic regime of the area generates 
essentially normal faulting on N-S  and NNE-SSW 

CONCLUDING REMARKS directed structures. However, for the Catanzaro trough 
zone it seems that there is a rotation of the stress field 

On the basis of the structural and seismological data and right-lateral strike-slip motion on fault planes 
relevant to the area under examination, we conclude roughly oriented WNW-ESE can be inferred. Finally, 
that it is possible to distinguish four distinct zones which for the Strait of Messina zone the neotectonic regime is 
are characterized by different stress field patterns; the such as to cause dip-sfip motion on NE-SW oriented 
Southern Apennines, Northern Calabria, the Catanzaro fault planes and left-lateral strike-slip motion on E - W  
trough and the Strait of Messina. faults. 

All the available information relevant to the These significant variations need to be explained by a 
geometrical characteristics of the stress field acting in regional geodynamic model which must be capable of 
each zone is summarized in Fig. 6. For Northern taking into account the occurrence of a differentiated 
Calabria, data pertinent to neotectonic terrains where neotectonic stress regime in Southern Italy. For this 
the last phase of deformation has been recognized (Tor- reason it might be helpful to consider the area inves- 
torici 1981) have also been plotted, tigated as part of a larger kinematic system (the Mediter- 

A comparison between the sets of seismological and ranean orogenic belt), which is affected by second-order 
structural data relevant to the Plio-Pleistocene terrains processes such as the recent rifting of the Tyrrhenian 
can be made by reference to Fig. 5. The general agree- Sea, which, perham, could explain the lateral segmenta- 
ment between the solutions obtained by using the two tion of the Southern Apennines and the strong curvature 
different techniques confirms the occurrence of a corn- of the Calabria-Peloritani arc. In order to test this work- 
plicated pattern of stress regimes in Southern Italy. In ing hypothesis a major effort aimed at acquiring and 
particular, in the Southern Apennines, the orientation analysing more data in the fields of structural geology, 
of the three principal stress axes is such as to generate rock mechanics and seismology is needed. This, we 
dip-slip and/or left-lateral strike-slip motion on hope, will allow us to work out a semiquantitative model 
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