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ABSTRACT 

Favali, P., Funiciello, R., Mattietti, G., Mele, G. and Salvini, F., 1993. An active margin across the Adriatic Sea (central 
Mediterranean Sea). In: A.G. Green, A. Kroner, H.-J. Gotze and N. Pavlenkova (Editors), Plate Tectonic Signatures in 
the Continental Lithosphere. Tectonophysics, 219: 109-117. 

New seismological and structural data from the central Adriatic-Gargano promontory area demonstrate that the current 
models of an aseismic and slightly deformed Adriatic block have to be revised. A seismically active deformational belt is 
mapped along two main fault systems, the Tremiti Islands and Mattinata faults. Moreover, geologic and geophysical 
evidence suggests that a more extensive lithospheric boundary may cut across the central Italian peninsula to the Tyrrhenian 
basin. 

Introduction the central Mediterranean area, with its conti- 
nental lithosphere (Suhadolc and Panza, 1989) 

The principal aim of this paper is to present underthrusting the strongly deformed Apennines 
new evidence that supports the hypothesis of a 
tectonically active boundary across the Adriatic 
basin. The central Mediterranean area is charac- 
terized by continental blocks, basins and orogenic 
belts that are associated with the collision of the , 
African and the European plates (McKenzie, i 
1972). At the latitude of the Italian peninsula 
several geodynamic units can be recognized (Fig. 
la). From west to east they are: the Sardinia- 
Corsica block, which is a fragment of European 
lithosphere; the Tyrrhenian extensional basin; the 
Apennine thrust system; and the Adriatic block, 
which acted as a foreland for both the Apennines 
to the southwest and the Dinarides to the north- 
east (Parotto and Praturlon, 1981). The Adriatic 
block plays an important role in the evolution of 

Correspondence to: P .  Favali, Istituto Nazionale di Geofisica, Fig. la. Main geodynamic units at the latitude of the Italian 
Via di Vigna Murata 605, 00143 Rome, Italy. peninsula. 
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Fig. lb. Geodynamic framework (modified after Bigi et al., 1989) and recent seismicity (ING, 1990) of the Italian peninsula and 
surrounding areas. A: 1986-87; B: 1988; C: 1989-90 indicate the Adriatic seismic sequences. Legend: l = thrust; 2 = normal fault; 

3 = strike-slip fault; 4 = sub-vertical fault. 

to the west, the Southern Alps to the north, and Whether the Adriatic block represents a 
the Dinaric-Hellenic chain to the east-southeast promontory of the African plate (e.g., Argand, 
(Malinverno and Ryan, 1986; Moretti and Roy- 1924; Dercourt, 1972; Auboin, 1976; Channel1 et 
den, 1988). al., 1979; D'Argenio and HorvAth, 1984) or a 
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distinct microplate (e.g., Dewey et al., 1973; Biji- 
Duval et al., 1977; Vandenberg, 1979; Hsii, 1982; 
Manzoni and Vandenberg, 1982) with margins 
identified on the basis of the seismicity patterns 
(e.g., Lort, 1970, is rather controversial. Regard- 
less of this controversy, some authors (e.g., Man- 
tovani et al., 1985; Anderson and Jackson, 1987b) 
continue to interpret of the Adriatic block as a 
single, rigid, almost aseismic block. 

In our opinion, there are several lines of evi- 
dence which indicate that fundamental litho- 
spheric changes may occur between the northern 
and the southern Adriatic Sea. From a morpho- 
logical point of view the Adriatic basin is quite 
complex. North of 42"N it is a shallow-water 
basin with a maximum depth of about 200 m, 
whereas to the south there is an abrupt deepen- 
ing to depths greater than 1200 m (Giorgetti and 
Mosetti, 1969). At approximately the same lati- 
tude, a positive Bouguer gravity anomaly corre- 
sponds to the Gargano promontory (Finetti and 
Morelli, 1973). The maximum Bouguer gravity 
anomaly (over +50 mGal) is confined to the 
region of the Tremiti Islands Fault to the north 
and the Mattinata Fault to the south (Finetti, 
1982; Finetti et al., 1987). The Gargano promon- 
tory itself is a structurally high area where Meso- 
zoic strata rise to around 1000 m above sea level, 
and the Tremiti Islands represent a structural 
high of less importance. The depth to the litho- 
sphere/asthenosphere boundary has a very strong 
gradient at the same general location (Suhadolc 
and Panza, 1989). The structural data (Funiciello 
et al., 1988, 1991) and the results of recent seis- 
mic analyses (Console et al., 1989, 1993; Favali et 
al., 1990) support the existence of complex het- 
erogeneities or lithospheric breaks in this area. 

Seismic data 

Recent seismic data give a picture of the pre- 
sent state of stress in the region (ING, 1990). 
Contrary to current models of an essentially 
aseismic Adriatic block, three important seismic 
sequences have occurred offshore the Gargano 
promontory during the past five years (sequence 
A in 1986-87, B in 1988, and C in 1989-90; see 
Fig. lb). These sequences were relocated using 

data collected by the new Italian Telemetered 
Seismic Network (ITSN) and by other Italian, 
Albanian and Yugoslavian stations (Console et 
al., 1992). The epicenters of each of the three 
sequences relate to seismogenic structures that 
are less than about 20 km long, compatible with 
the source dimensions of the three main shocks 
(1986, m, = 4.2; 1988, m, = 5.3; 1989, m, = 4.7). 
The epicenters of the A and B sequences are 
aligned with the trend of the Tremiti Islands 
Fault. The earthquake data set shown in Figure 
l b  (1986-1990 period) represents events with 
magnitudes greater than 3.0, the minimum mag- 
nitude required for good azimuthal recording over 
the past few years in this region. 

In the middle Adriatic area, where the seismic 
sequences occurred, only one reliable focal mech- 
anism solution is available (1988, m, = 5.3). The 
two methods that have been used to determine 
the fault parameters, one based on the "double- 
couple" model and the other on centroid moment 
tensor calculations (Dziewonski et al., 1981) yield 
similar results for teleseismic events. Both solu- 
tions display strike-slip faulting with thrust com- 
ponents, but the strike-slip component is more 
evident than the thrust component in the "dou- 
ble-couple" result (Fig. Ic; Console et al., 1993). 
These solutions are compatible with the proposed 

Fig. lc. Detail of the middle Adriatic area, the available focal 
mechanism solutions of the 1988 main shock (m, = 5.3) are 
shown, the solid line is the "double-couple" result and the 
hatched line is the centroid moment tensor calculation (Con- 

sole et al., 1993). 
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strike-slip deformations across the two regional 
Tremiti Islands and Mattinata fault systems, 
which continue for many tens of kilometres from 
the land toward the sea (Finetti, 1982; Finetti et 
al., 1987). 

Structural data 

Structural studies of the Gargano promontory 
and Tremiti Islands support the geophysical evi- 
dence for a major horizontal shear zone. The 
geographic location of these two areas and the 
Latium-Abruzzi platform, mentioned in the fol- 
lowing discussion, are shown in Figure 2. Analysis 
at 95 locations on the Gargano promontory have 
resulted in nearly 400 deformation attitude esti- 
mates (mainly fault systems; Funiciello et al., 
1988). From the Eocene to the present, this sec- 
tor of the Adriatic block experienced uplift along 
a series of near-vertical faults that trend E-W 
and NW-SE. Most of these faults show evidence 
of early dip-slip movements compatible with up- 
lift, and subordinate oblique to strike-slip motion 
due to younger reactivation. Our studies in the 
southern zone have confirmed the presence of a 
major E-W fault zone, the Mattinata Fault, and 
unlike previous studies (Guerricchio, 1986; Or- 
tolani and Pagliuca, 1987), showed clear evidence 
of left-lateral strike-slip kinematics. The main 
faulting pattern based on our structural study is 
shown in Figure 3. 

In the western and eastern sectors of this fault 
system there is evidence of major strike-slip 
movement together with some indications for a 
left-lateral sense of movement (locations a and d 
in Fig. 3). Further evidence for left-lateral shear 
is obtained in the central sector, where a series of 
bends of the main fault produce significant and 
rather spectacular deformational patterns. Near 
S. Marco in Lamis (location b in Fig. 3), clock- 
wise bending together with a partial transfer of 
the displacement to a NW-SE-trending fault (re- 
activated with left-lateral strike-slip movement) 
has produced a series of compressional deforma- 
tions, including the near-vertical tilting of strata 
and minor reverse faulting, which are diagnostic 
of ENE-WSW compression (see the projection 
for location b in Fig. 3). The opposite deforma- 
tional style was found along the Pantano S. Egidio 
depression (location c of Fig. 31, where there is a 
counterclockwise bend of the Mattinata Fault. 
The bending may result in pull-apart tectonism, 
perhaps explaining the present-day depression 
there. Structural analysis of this sector suggests 
the presence of E-W and NW-SE oblique-slip to 
dip-slip normal faults dipping towards the de- 
pression, with second-order left-lateral strike-slip 
faults that trend E-W (see the projection for 
location c in Fig. 3). The Eocene-age units have 
been displaced by these faults. Even younger 
activity is suspected on the basis of the large 
morphological contrasts, which are almost exclu- 
sively related to heavily fractured limestones in 
fault zones. Offshore seismic profiles show the 
continuation of the Mattinata Fault and demon- 
strate offsets of still younger units (De' Dominicis 
and Mazzoldi, 1987). Further details on the re- 
sults of the inland structural study can be found 
in Funiciello et al. (1988, 1991). Our structural 
results together with other geophysical and geo- 
logical data lead to the development of a model 
in which the Gargano promontory is a push-up 
structure generated by the interaction of an E- 
W-trending left-lateral strike-slip fault zone to 
the south, and an E-W- to NE-SW-trending 
right-lateral strike-slip fault zone to the north. 

Although the results of the structural study 
across the major Tremiti Islands (24 locations and 
170 measured attitudes) were less definitive, be- 
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Fig. 3. Schematic map of the Gargano promontory that results from our structural study. Circles represent Schmidt projections 
(lower hemisphere) of the main faults along the Mattinata fault system. I = main sub-vertical regional faults; 2 = as for 1 but with a 
prevailing strike-slip component; 3 = as for 1 but with predominant dip-slip component; 4 = reverse fault systems (in the 
projections); 5 = normal fault systems (in the projections); 6 = bedding; 7 =  extensional direction as derived by fault analysis; 

8 = compressional direction as derived by fault analysis. 

cause of limited outcrops, they showed a similar sents the top of a NE-SW elongated structural 
tectonic style (Fig. 4; Montone and Funiciello, high located along an E-W to NE-SW regional 
1989). We suspect that this archipelago repre- strike-slip fault zone. Such a proposal is sup- 

ported by interpretations of marine seismic re- 
flection data (Finetti et al., 1987). The geometric 
relationships between the structural high and the 
regional shear zone requires right-lateral move- 
ment for the latter. 

Discussion 

All available data support the existence of a 
roughly E-W-trending deformational belt of 
lithospheric importance in the central Adriatic 
basin. This belt has experienced recent activity, as 
inferred from structural and seismicity data, and 
it may be an active zone of decoupling between 
the northern and the southern Adriatic blocks. A 

Fig. 4. Block-diagram showing the tectonic environment of the possible westward prolongation this active 
Tremiti Islands. margin through the Apennines is marked by im- 
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Fig. 5. Schematic structural map of the Latium-Abruzzi carbonatic platform domain. 

portant structures (Fig. 5). Regional extension 
has resulted in the subdivision of the Latium- 
Abruzzi carbonatic platform into a series of NW- 
SE-trending elongated blocks (Salvini, 19921, 
whereas on both the eastern and western edges 
of the platform there are two generally N-S- 
trending tectonic discontinuities (Ortona-Roc- 
camonfina and Ancona-Anzio "faults") along 
which evidence for recent right-lateral strike-slip 
movements has been found (Alfonsi et al., 
1991a,b). Between the two discontinuities, field 
evidence has shown left-lateral strike-slip motions 
along the boundaries of the previously described 
blocks (Montone and Salvini, 1991). This tectonic 
setting is generally compatible with the block 
rotation models proposed by McKenzie and Jack- 
son (1983; and correction, 1984) and Nur et al. 
(1986). 

The above mentioned N-S discontinuities are 
probably the boundaries of a transition zone di- 
viding a northern province characterized by 
crustal contamination of magma from a southern 
province characterized by subduction-enriched 

mantle sources, as inferred from the isotopic fea- 
tures and trace elements (Serri, 1990). This dif- 
ferentiation of two magmatic provinces is also 
observed in the Tyrrhenian basin, where they are 
separated by a discontinuity along 41°N (Fig. 6; 
Selli et al., 1977; Wezel, 1985; Finetti and Del 
Ben, 1986; Sartori et al., 1989). This boundary 
has been interpreted recently as a kind of trans- 
form fault which, since late Tortonian times, has 
separated the Tyrrhenian Sea into two sectors 
with different tectonic histories (Patacca et al., 
1990). In the northern sector, partial melting of 
sub-crustal bodies and a positive thermal flux 
along the Italian coastline are observed (Mongelli 
et al., 1989), whereas the southern sector is char- 
acterized by an active subduction process (e.g., 
Amato et al., 1993), deep seismicity (e.g., Caputo 
et al., 1970, 1972; Anderson and Jackson, 1987a; 
Giardini and VelonB, 1991) and potassic volcan- 
ism (Barberi et al., 1973). 

The model proposed in Figure 6 attempts to 
genetically connect the various deformation zones 
in the region. Within this framework, the strike- 
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Fig. 6. 
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Proposed geodynamic model. For an explanation of the symbols see Fig. 1; the maximum depth isobaths are drawn. 

slip area of the central Apennines is a surficial 
effect of westward offsets to the south of the 
Adriatic lithospheric margin. 

Conclusions 

The Italian area south of the Alps-PO Plain is 
divided into three main lithospheric units: the 
Adriatic block to the east, which is a foreland-like 
structure with respect to the Apennines and the 
Dinarides, the Apennine mountains and the 
Tyrrhenian extensional basin to the west. Earth- 
quakes recorded (1986-1990) within the Adriatic 
basin suggest the existence of an active zone in 
the central Adriatic area. This hypothesis is sup- 
ported by rneso-structural data collected from the 
Gargano promontory and the Tremiti Islands. 
Field surveys of the central Apennines confirm 
recent major strike-slip deformations that are su- 
perimposed on regional extensional structures. 
Moreover, geochemical data from volcanic rocks 
of the Tyrrhenian area point to the occurrence of 
a lithospheric discontinuity at about the 41°N, 
which separates a recent, oceanic and seismi- 
cally/volcanically active structure to the south 
from the northern area. Structures within the 
three main lithospheric units can be connected 
along an E-W zone. 
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