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Abstract

We present the results of a study of the subsurface tectonic features of the Basso Molise, Western Gargano and
Northern Capitanata regions (Southern Italy) aimed at the identification of the source of the disastrous 1627
Gargano earthquake. In the maximum-damage area of this earthquake we have recognised a normal fault, here
called the Apricena Fault, which has been identified as the fault that caused the seismic event. The Apricena
Fault, striking WNW-ESE and dipping towards SSW, extends in the subsurface for about 30 kilometres from
Serracapriola to Santa Maria di Stignano cutting through the whole Quaternary sequence. Other important tectonic
structures trending WNW-ESE recognized in the area belong to an inactive Pleistocene strike-slip-fault system
that is linked to the Mattinata Fault and to its offshore continuation in the Gondola-Grifone structural high. The
Mattinata Fault and the Gondola-Grifone High form a quite complex structural feature whose kinematic behaviour
is still matter of debate in the regional geological literature. NW-SE structural features recognized in the area are
extensional faults whose activity was probably related to the late flexure-hinge retreat of the Adria plate margin
during the Late Pliocene-Early Pleistocene eastward migration of the thrust belt-foredeep-foreland system.

Introduction

On 30 July 1627 a severe earthquake in Southern Italy
struck the Basso Molise, Western Gargano and North-
ern Capitanata regions producing widespread destruc-
tion and causing more than 5000 victims, 4500 of
which in the villages of Apricena, Lesina, San Paolo di
Civitate, San Severo, Serracapriola and Torremaggiore
(Molin and Margottini, 1985; Boschi et al., 1995).
The seismic event was also responsible for a tsunami
whose effects were particularly significant along the
northern coast of the Gargano Promontory (Guidoboni
and Tinti, 1988). Figure 1 is the intensity map of the
maximum-damage area. Tentative isoseismal lines de-
limiting areas with intensities ≥ VIII-IX MCS have
also been traced.

The 1627 earthquake is the largest historical event
in the Basso Molise, Gargano and Capitanata regions,
with a macroseismic magnitude=6.73 according to the

new parametric catalogue of Italian earthquakes (CPTI
catalogue, Gruppo di Lavoro CPTI, 1999). Despite the
remarkable strength of this earthquake, the causative
geological structure has not been identified as yet (see
Galadini et al., 2000; Meletti et al., 2000; Valensise
and Pantosti, 2001). Basing their evidence merely on
the tsunami occurrence, Mele et al. (1990), Argnani
et al. (1993) and Console et al. (1993) have proposed
an offshore location of the seismic source, possibly in
correspondence to the Tremiti Islands, notwithstand-
ing the low intensity (VII MCS) experienced in this
area and the devastation (IX and X MCS) suffered by
several villages in Basso Molise, Western Gargano and
Northern Capitanata. Numerical simulations carried
out by Tinti and Piatanesi (1996) on the earthquake-
induced tsunami show that the best matched source
for the observed data corresponds to a fault located
onshore south of Lesina, characterized by dip-slip mo-
tion, that caused uplift of the sea block facing the
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Figure 1. Intensity map of the 1627 Gargano earthquake showing sites with I ≥ VII-VIII MCS (intensities from Boschi et al., 1995). The star
indicates the epicenter location according to the CPTI catalogue, Gruppo di Lavoro CPTI, 1999). Tentative isoseismal lines delimiting areas
with a damage degree ≥ VIII-IX MCS have also been traced. The insert shows the location of the damaged area.

Lesina Lake. The CPTI catalogue places the epicen-
ter of the 1627 earthquake onshore, about halfway
between Apricena and Torremaggiore. A seismogenic
fault striking N111◦± 37 with a length of 32.6 kilo-
metres was computed by Gasperini et al. (1999) using
exclusively the macroseismic data contained in the
‘Catalogo dei Forti Terremoti in Italia dal 461 a. C.
al 1980’ (CFTI catalogue, Boschi et al., 1995). A seis-
mogenic fault trending N130◦ and dipping 45◦ with a
rake of 90◦ had been previously computed by Panza et
al. (1991) starting from synthetic isoseismals derived
from Molin and Margottini (1985). The parameters
computed by Gasperini et al. (1999), with small vari-

ations in the strike value (N113◦±33), are reported
in the Database of Potential Sources for Earthquakes
Larger than M 5.5 in Italy (Valensise and Pantosti
2001). Recently, Salvi et al. (2000) have indicated as
probable source of the 1627 earthquake a WSW-ENE
trending fault the existence of which would be sugges-
ted by a morphotectonic structure 26 kilometres long,
identified on satellite images and digital topography,
developed between Apricena and Sannicandro.
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Figure 2. Schematic geological map of the Basso Molise, Gargano and Northern Capitanata regions. The isoseismal lines of the 1627 earth-
quake given in Figure 1 have been also traced in order to underline the area of maximum damage. The insert shows the location of the study area
together with the buried front of the Apenninic nappes. 1 Holocene continental and subordinate shallow-marine deposits. 2 Middle and Upper
Pleistocene continental deposits. 3 Regressive marine sands and continental conglomerates dubitatively attributed to the Middle Pleistocene. 4
Lower Pleistocene open-marine clays. 5 Apenninic nappes and Miocene-Pliocene thrust-sheet-top deposits involved in the orogenic transport.
6 Mesozoic-Tertiary carbonates of the Apulia foreland. 7 Buried front of the Apenninic nappes. 8 Emergence of frontal and oblique ramps in
the Apennine thrust belt. 9 Faults, including normal faults and strike-slip faults. 10 Traces of the sections of figures 5a,b and 7.

Geological framework

The epicentral area of the 1627 earthquake is posi-
tioned a few kilometres to the east of the Apennine
front (see Figure 2) and occupies a large portion of
the foredeep basin in the Basso Molise and North-
ern Capitanata regions, as well as the inner margin
of the Apulia foreland in the Western Gargano re-
gion. Mesozoic-Tertiary platform-to-basin carbonates
belonging to the Apulia foreland are widely exposed
in the Gargano Promontory (see, among others, Masse

and Luperto Sinni, 1987; Ricchetti et al., 1988;
Luperto Sinni and Borgomano, 1994; Morsilli and
Bosellini, 1997; Bosellini et al., 1999; Borgomano,
2000). In the subsurface, these carbonates lie upon
Triassic evaporites that in turn stratigraphically overlie
terrigenous paralic deposits attributed to the Permian
and to the Early Triassic (see Gargano 1 well and,
south of the study region, Puglia 1 well that reaches a
depth of 7070 metres). The Mesozoic-Tertiary Apulia
carbonates cropping out in Western Gargano make
up in Basso Molise and Capitanata the rigid sub-
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stratum of the foredeep basin (Casnedi et al., 1981;
Balduzzi et al., 1982; Casnedi, 1988; Patacca and
Scandone, 2001). The foredeep basin is filled with
a thick pile of Plio-Pleistocene terrigenous depos-
its exceeding 3000 metres in the inner part of the
basin. In Figure 2, the Lower Pleistocene open-marine
clays grading upwards into sands and conglomer-
ates dubitably attributed to the Middle Pleistocene
represent the uppermost part of the Plio-Pleistocene
foredeep sequence. These regressive deposits are dis-
conformably overlain by Middle-Upper Pleistocene
continental conglomerates and subordinate sands.

Referring to Figure 1, the isoseismal lines of
maximum damage of the 1627 Gargano earthquake
indicate that the seismic source has to be located some-
where between Serracapriola, San Marco in Lamis,
Lesina and Torremaggiore. Taking into account the
magnitude of the earthquake, we would expect on
the surface a fault segment 20–25 kilometres long
(see Wells and Coppersmith 1994), unless the seis-
mic source is represented by a blind fault. Actually,
no fault has been recognised on the surface in this
area, with the exception of two W-E trending small
fault segments located west of Apricena. The lack of
faults in the epicentral area of the 1627 earthquake
apparently contrasts with the widespread occurrence
of faults in the Gargano Promontory, the latter rep-
resenting itself a seismogenic area. However, we
must consider that the rigid basement, made up of
Mesozoic-Tertiary limestones and dolomites, is ex-
posed only in the Gargano Promontory whilst in Basso
Molise and Northern Capitanata these carbonates are
covered by a stack of Plio-Pleistocene soft sediments.
The structural map of Figure 3, reproduced with slight
modifications from Sella et al. (1988), shows the top-
carbonate isobaths in the foredeep basin together with
the faults that have dissected the Apulia platform. The
map does not entirely cover the epicentral area of the
1627 earthquake, but however represents a reliable,
though partial document of the subsurface tectonic
structures in the Basso Molise and Northern Cap-
itanata regions. On the basis of merely the azimuth
distribution, the faults given in Figure 3 can be divided
into two major groups:

1. NW-SE trending faults, widely developed in the
western part of the study area, with strike values of
the single fault segments ranging between N130◦
and N150◦;

2. WNW-ESE trending faults, developed over the
whole area, with strike values of the single fault
segments ranging between N100◦ and N110◦.

In both groups, some faults exceeding 20 kilometres
in length appear to be adequate to produce destructive
earthquakes comparable with the 1627 event in case of
their reactivation.

Until now, no information has been available on
the timing of the fault activity in the region damaged
by the 1627 earthquake. Consequently, the kinematic
behaviour of the aforementioned fault systems was
poorly known. This paper provides new data on this
topic. Our investigation is based on the interpretation
of several hundred kilometres of reflection seismic
lines, most of which not in the public domain, and on
the stratigraphic analysis of several commercial bore-
holes. Figure 4 shows the location of the analysed
wells and seismic lines. The distribution of the latter
allowed us to fill the gap of information on the sub-
surface features in the epicentral area present in the
map of Sella et al. (1988). The principal result of our
study is the identification of a WNW-ESE active fault
extending for about 30 kilometres from Serra Capri-
ola to Santa Maria di Stignano, which represents the
source of the disastrous 1627 Gargano earthquake.

Architecture of the Plio-Pleistocene deposits in the
area affected by the 1627 earthquake

Figure 5 shows two dip-oriented regional profiles
across the outer margin of the Apennines and the adja-
cent foredeep basin in the Basso Molise and Daunia-
Northern Capitanata regions (see location in Figures
2 and 6). These geological profiles, schematically
showing the overall geometry of the Plio-Pleistocene
foredeep deposits together with the essential basin-fill
architecture, are based on interpreted seismic profiles
tied to several wells. In these profiles, the top of
the Apulia carbonates is everywhere seismically ex-
pressed by a high-amplitude strong reflector. Locally,
Triassic evaporites and Permian-Triassic terrigenous
deposits representing the base of the Apulia plat-
form are also recognisable, outlined by a package of
high-amplitude/high frequency reflectors that sharply
contrasts with the overlying reflection-free Mesozoic-
Tertiary carbonates. An evident thrust ramp dipping
about 30◦ towards SW or WSW characterises the
outer margin of the Apennine mountain chain in the
whole study area. In some places, Pliocene thrust-top
deposits deeply involved in the late orogenic trans-
port unconformably overlie the Apenninic nappes (e.g.
Figure 5a).
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Figure 3. Structural map of the Apuliaplatform (after Sella et al., 1988) showing isobaths (in metres) of the top of the Mesozoic-Tertiary
carbonates. Barbed lines indicate normal faults. The hatched double line marks the buried front of the Apenninic nappes. The location of the
Chieuti High is also shown.

The Plio-Pleistocene sediments filling the foredeep
basin have been divided into four intervals according
to their position with respect to the Apennine frontal
ramp and according to their internal seismostrati-
graphic signatures. The first tree intervals, broadly
corresponding to foredeep systems tracts of the thrust-
related depositional sequences described by Patacca
and Scandone (2001) just south of the study area,
have been entirely controlled by compressional tec-
tonics. The fourth interval, on the contrary, is related
to the end of the Apulia flexure-hinge retreat and to
the beginning of a generalized uplift in the Southern
Apennines accompanied by a regional tilting towards
NE. We have distinguished:

1. Pre-ramp clastic wedge (prograding basin-floor
lobes and condensed section in Patacca and Scan-
done 2001) deposited before and during the last
orogenic transport of the allochthonous sheets.
These deposits consist of a stack of well-bedded
turbiditic sandstones that accumulated during the
Late Pliocene (3.30–1.83 Ma) in a foredeep basin
presently buried under the Apenninic nappes. A
condensed section of Lower Pleistocene mud-

stones (Santernian p.p., 1.83 to about 1.57 Ma)
separates the sandy turbidites from the overlying
deposits of the syn-ramp wedge;

2. Syn-ramp clastic wedge (active-frontal-ramp sys-
tems tract in Patacca and Scandone 2001) repres-
ented by a thick body of prograding slope-fan de-
posits landward truncated by the Apennine frontal
ramp attributed to the Santernian p.p. and to the
Emilian p.p., that is to the lower-middle part of the
Early Pleistocene (1.57–1.50 Ma). Towards the
foreland, these deposits onlap against the Apulia
carbonates that constitute the outer (eastern) flank
of the foredeep basin. Widespread olistostromes
deriving from the rising nappe front characterize
the inner portion of the syn-ramp wedge;

3. Post-ramp deposits represented in the lower half
portion by Lower Pleistocene siliciclastic deposits
(Emilian p.p., 1.50–1.25 Ma) onlapping the Apen-
nine frontal ramp, as well as by transgressive open-
marine mudstones of Emilian p.p.-Sicilian p.p. age
(1.25–0.92 Ma). This part of the post-ramp depos-
its corresponds to the backward-thrust-migration
systems tract of Patacca and Scandone (2001).
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Figure 4. Base map of the study area showing the location of the seismic lines and wells analysed in the present study.

The upper half portion of the post-ramp depos-
its is represented by a Lower-Middle Pleistocene
(0.92–0.66 Ma) prograding shelf system ending
with shallow-water sands. This part of the post-
ramp deposits corresponds to the forward-thrust-
migration systems tract of Patacca and Scandone
(2001);

4. Middle Pleistocene regressive shallow-marine
sands and continental conglomerates.

Due to the well-defined geometry and to the charac-
teristic stratigraphic signatures, the described intervals
have been easily recognized in all the analysed pro-
files and have been mapped in the subsurface over
the whole study area. This 3D reconstruction of the
Plio-Pleistocene deposits allowed us to establish a

detailed stratigraphic framework that we used for clas-
sifying the faults recognized in the subsurface not only
according to the typology and strike but also accord-
ing to the relative age of activity. It is important to
underline that the compressional tectonics, together
with the flexural subsidence controlling the sediment-
ary characteristics of the Plio-Pleistocene deposits in
the foredeep basin, ceased in the Southern Apen-
nines around 0.65 Ma, that is near the base of the
regressive sands of interval 4, because of a sudden
change of the geodynamic regime (Cinque et al., 1993;
Hippolyte et al., 1994). Consequently, structural fea-
tures pre-dating 0.65 Ma, related to an ancient and
presently inactive stress field, are usually dead and
are presumed to have no influence on the present-day
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Figure 5. Geological profiles across the Apenninic margin and the foredeep basin in the Basso Molise area (5a) and in the Daunia-Northern
Capitanata region (5b). See location in Figure 2.

seismicity. Figures 5a and 5b (see location in Figures
2 an 6) provide clear examples of fault chronology.
Figure 5b shows some faults that dissected the car-
bonate basement before and during the deposition of
the syn-ramp clastic wedge and do not show any sign
of reactivation in late Early Pleistocene times with
the exception of a NE-dipping fault located near Tor-
remaggiore, which however pre-dates the base of the
regressive sands (0.66 Ma). In Figure 5a, the stratal
geometry of the Plio-Pleistocene deposits shows that
the faults responsible for the growth of the Chieuti
High ceased their activity before the sedimentation of
the post-ramp deposits. In the same figure, two normal
faults deforming the post-ramp prograding deposits
give evidence of a younger extensional activity north
of the Chieuti High. The southern fault may be con-
sidered currently inactive because it appears to have
been sealed by the base of the regressive sands. Con-
versely, the northern fault (highlighted in the picture)
displaces the base of the regressive sands, testifying to
a persisting younger activity.

Fault analysis and identification of the potential
seismic sources

The structural map of Figure 6 is an updated contour
map at the top of the Apulia carbonates that integrates
the previous information, mostly derived from Sella
et al. (1998), with the additional data collected during
our seismic investigation. This map provides a basis
for fault characterization in terms of geometry and kin-
ematics. The methodology adopted led us to recognize
in the area damaged by the 1627 earthquake five fault
systems showing different directions and/or different
ages of activity:
1. NW-SE normal-fault system, active during the

Late Pliocene and Early Pleistocene;
2. NE-SW vertical-fault system, active during the

Early Pleistocene;
3. WNW-ESE high-angle-fault transpressive system,

active during the Early Pleistocene up to the base
of the post-ramp prograding deposits;

4. WNW-ESE normal-fault system active during the
Early Pleistocene up to the base of the regressive
sands, with no evidence of activity in recent times;

5. WNW-ESE normal-fault system active in recent
times.

The NW-SE normal-fault system is developed only in
the western part of the study area. The faults, most
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Figure 6. Structural map of the Apulia platform showing isobaths (in metres) of the top of the Mesozoic-Tertiary carbonates in the Basso
Molise-Northern Capitanata region and in the Tremiti area. Barbed lines indicate normal faults; lines with triangles indicate reverse faults. The
heavier barbed line marks the Apricena Fault. See discussion in the text.

of which are SW dipping, have dissected the Apulia
carbonates and have been systematically sealed by the
base of the syn-ramp deposits. In a few cases, also the
lower portion of the syn-ramp deposits appears to have
been affected by gentle deformation. However, this
deformation did not propagate upwards in the upper
portion of the syn-ramp wedge. We interpret the NW-
SE normal faults, active during Late Pliocene-Early
Pleistocene times, as a response of the brittle Apulia
carbonates to the flexure-hinge retreat of the Apulia
plate margin.

The NE-SW vertical-fault system, probably repres-
enting the southern termination of the Tremiti struc-
tural high, has been recognized onshore only in the
Sant’Agata region, west of the Lesina Lake. The sys-
tem is represented in this area by two short fault
segments sealed by deposits correlatable with the post-
ramp prograding deposits of Figure 5 attributed to the
late Early Pleistocene.

The WNW-ESE high-angle-fault transpressive sys-
tem is well represented in the Chieuti High. We have
interpreted this tectonic structure as a push-up feature
limited by south-dipping and north-dipping high-angle
faults with oblique slip. As shown in Figure 5a, the
growth of the Chieuti structural high took place partly
before and partly during the deposition of the syn-
ramp clastic wedge. The overlying post-ramp depos-
its, showing no trace of deformation, fix the upper
boundary of the fault activity.

WNW-ESE normal faults are widespread in the
area damaged by the 1627 earthquake. We have re-
cognized two systems having the same orientation but
different ages and geological significance.

The older, inactive WNW-ESE normal-fault sys-
tem is represented by prevailing south-dipping faults
south of the Chieuti 1 well and by prevailing north-
dipping faults north of this borehole. The faults be-
longing to this system appear to have been sealed
partly by the syn-ramp deposits and partly by the
post-ramp prograding deposits. We think that the fault
activity was related in this case to the late steps of the
Apulia flexure-hinge retreat and to consequent bulging
effects in the foreland area. If this interpretation is
correct, also this system was active in a tectonic re-
gime preceding the 0.65 Ma geodynamic change and
is at present dead like the other above-described fault
systems.

The younger WNW-ESE normal-fault system is
represented by a south-dipping major fault, here called
the Apricena Fault, and by associated minor branches
giving evidence of activity during and after the sedi-
mentation of the post-ramp deposits (see Figure 5). As
shown in Figure 5a, also the regressive sands forming
the upper part of the post-ramp deposits have been
dissected by this fault. Figure 7 is a line drawing of
a SW-NE oriented seismic profile that intersects the
Apricena Fault about 10 kilometres west of Apricena
village. The picture shows a top-carbonate throw of
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Figure 7. Line drawing of a seismic profile cutting across the Apricena Fault (location in figures 2, 6 and 8). The base of the regressive sands
has been displaced by the fault and a rollover anticline has developed in the hangingwall block. A top of the Apulia carbonates; B base of the
post-ramp prograding deposits; C base of the regressive sands.

about 0.4 sec TWT that corresponds to a vertical dis-
placement slightly exceeding 500 metres. The fault
cuts across the entire pile of Plio-Pleistocene depos-
its, including the regressive sands. Although the rake
angle is unknown, a rollover anticline developed in the
hangingwall block shows an important component of
dip-slip motion in the cumulative displacement. The
fact that in the hangingwall block the 0.92–0.66 Ma in-
terval is quite isopachous and the fact that the 0.66 Ma
horizon is involved in the rollover anticline demon-
strate that the bulk of the activity of the Apricena Fault
took place when the sedimentation of the regressive
sands had already started. Since the Apricena Fault is
characterised by an important dip-slip displacement,
growth strata would be expected in the hangingwall
block above the regressive Pleistocene deposits. On
the contrary, no growth strata have been observed. As
a matter of fact, we must say that no seismic response
is present in the uppermost part of the analysed line, so
that no information on the shallow deposits is available
down to a depth of 150–200 metres. Two kilometres
east of the profile shown in Figure 7, the Mesozoic-
Tertiary carbonates of the footwall block crop out in
a W-E oriented ridge representing the emergence of
a structural high that includes the Chieuti 1 well site
and extends westwards in the subsurface as far as
the Fortore River (see Figure 8). In the area crossed
by the section of Figure 7, the top of the hanging-
wall block of the Apricena fault is occupied by Upper
Pleistocene-Holocene alluvial deposits that appear to
have been incised by streams flowing towards the
south and southeast. Figure 8 shows the ridge delim-
ited southwards by the Apricena fault, together with
the overall drainage pattern in the area, characterised
by water discharge towards the north and towards the
south in correspondence to the northern flank and to
the southern flank of the structural high respectively.

The picture also shows the ‘seismogenic box’ obtained
with the procedure by Gasperini et al. (1999).

Comparison between the macroseismic field of the
1627 Gargano earthquake and the pattern of the
faults identified in the subsurface

We have seen that among the several faults active
during the Pleistocene in the area damaged by the
1627 earthquake the WNW-ESE Apricena Fault is the
only tectonic structure showing evidence of activity in
recent times. This observation obviously makes the
Apricena Fault the best candidate for the source of
the 1627 earthquake. The causal relationships between
the Apricena Fault and the 1627 earthquake become
very clear if we superimpose the isoseismal lines on
the structural features reconstructed by the subsurface
analysis (see Figure 6). We know that the main shock
of the 1627 earthquake (July, 30) was followed by
strong aftershocks that possibly influenced the general
damage scenario but we do not believe that these af-
tershocks were able to significantly change the overall
shape of the macroseismic field. Considering the fault
location, as well as the length and the strike of the
single fault segments, only two faults could represent
the source of the 1627 disastrous earthquake: the high-
angle strike-slip fault responsible for the Chieuti High
and the Apricena Fault. The results of the investigation
concerning the timing of the fault activity throughout
the study region allow us to exclude the faults limiting
the Chieuti High and to consider the Apricena Fault
the only possible source of the 1627 earthquake. It
is noteworthy that the source of the earthquake ob-
tained from the macroseismic data according to the
procedure of Gasperini et al. (1999) fits surprisingly
well with the observed Apricena Fault, so well that
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Figure 8. Principal morphologic features in the area crossed by the Apricena Fault. The rectangle represents the ‘seismogenic box’ of the 1627
earthquake obtained from the intensity data by using the procedure of Gasperini at al. (1999). The star indicates the epicenter location according
to the CPTI catalogue.

the northern long side of the computed ‘seismogenic
box’ almost coincides with the surface projection of
the fault recognised in the subsurface (see Figure 8).

Eastern and western termination of the Apricena
Fault

In the Western Gargano region, the Apricena Fault
and the high-angle fault system delimiting the Chieuti
High join an important W-E fault system known in the
geological literature as the Mattinata Fault.The latter,
in turn, joins in the Adriatic offshore area another
important fault system, called the Gondola-Grifone
structure that extends with a W-E direction for about
130 kilometres (see Figure 9). The Mattinata Fault,
exposed from San Marco in Lamis to the Adriatic
coast for more than 40 kilometres, has been recognised
by Piccardi (1998) as the most important seismogenic
structure of the Gargano region. We must remember
that the Gargano Promontory is an earthquake-prone

area which has undergone in historical times two de-
structive events with magnitude ≥ 6 (1223 Eastern
Gargano earthquake with IX MCS at Santa Tecla and
Sfilzi and with VIII-IX at Vico del Gargano; 1646
Eastern Gargano earthquake with IX-X MCS at Ischi-
tella and Carpino and with IX at Vico del Gargano,
Vieste and Monte Sant’Angelo, according to Boschi
et al., 1995). In the current geological literature, dif-
ferent and often conflicting interpretations exist on the
Mattinata Fault and on the Gondola-Grifone structure.

As regards the Mattinata fault, at least five dif-
ferent interpretations are reported in the geological
literature:

1. Reverse fault according to Ortolani and Pagliuca
(1987, 1988);

2. Dextral strike-slip fault according to Finetti
(1982), Guerricchio (1983,1986), Finetti et al.
(1987), Guerricchio and Wasowski (1988);

3. Sinistral strike-slip fault according to Funiciello
et al. (1988, 1991), Favali et al. (1992, 1993a,
1993b), Console et al. (1993), Salvini and Funi-
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Figure 9. Recent (1981–1996) instrumental seismicity of the Gargano Promontory and surrounding areas (from Gasperini and Monachesi,
2000) together with some major structural features discussed in the text. The strongest earthquake in the area (MB = 5.1 according to Gasperini
and Monachesi, 2000) took place on 26 April 1988 about 40 kilometres SE of Palagruza. The map also shows the epicenter of the October 31,
2002 Molise earthquake (location and Ml magnitude=5.4 according to INGV).

ciello (1994), Salvini et al. (1999), Billi (2000),
Billi and Salvini (2000);

4. Strike-slip fault with sinistral lateral motion dur-
ing the Late Miocene-Early Pliocene and dextral
lateral motion starting from Late Pliocene times
according to Chilovi et al. (2000);

5. Dip-slip fault with a component of dextral strike-
slip motion according to Piccardi (1998).

As regards the Gondola-Grifone structure, four differ-
ent interpretations exist:

1. Dextral strike-slip fault according to Finetti
(1982), Finetti et al. (1987), De Dominicis and
Mazzoldi (1987), Colantoni et al. (1990), Aiello
and De Alteriis (1991), De Alteriis and Aiello
(1993), Tramontana et al. (1995);

2. Sinistral strike-slip fault according to Favali et al.
(1992, 1993a, 1993b) and Console et al. (1993);

3. Strike-slip fault with dextral lateral motion chan-
ging in recent times into a sinistral lateral motion
according to De Alteriis (1995);

4. Fold generated by inversion tectonics according to
Argnani et al. (1993, 1994, 1996).

It is beyond the scope of this paper to make an ex-
haustive critical examination of all the aforementioned
interpretations. We simply observe that the contra-
dictions existing in the geological literature about the

kinematic behaviour of the Mattinata Fault may be ex-
plained, at least in part, by taking into consideration its
complex polyphasic history. A polyphasic history of
this structure through Tertiary and Quaternary times,
on the other hand, had already been recognised by
Chilovi et al. (2000).

In the Basso Molise region, the fault system delim-
iting the Chieuti High joins the Mattinata Fault West of
Santa Maria di Stignano. The Mattinata Fault, in turn,
joins the Goldola-Grifone structural high in the Man-
fredonia Gulf. We have seen that the Chieuti High was
active in Early Pleistocene times before the deposition
of the post-ramp prograding deposits. Public seismic
lines in the Adriatic offshore area (D 435–438, D 442,
D 445–450, F76 001–017, F76 019, F76 021) show
that also the Gondola-Grifone structure was active in
the Early Pleistocene and probably moved as a dextral
transpressive feature, as suggested by the en-echelon
arrangement of second-order internal features and by
the occurrence of push-up structures in correspond-
ence to restraining bends. The same lines show that
the tectonic activity in the Gondola-Grifone structure
ceased at all, as in the Chieuti structure, during the
upper part of the Early Pleistocene. Therefore, it is
reasonable to suppose that during the Early Pleisto-
cene before the deposition of the post-ramp prograd-
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ing deposits, the Chieuti High, the Mattinata Fault
and the Gondola-Grifone structure acted as a single
transpressive system which extended for about 200
kilometres from the Basso Molise region to the eastern
termination of the Gondola-Grifone structure. West of
Santa Maria di Stignano, also the Apricena Fault joins
the Mattinata Fault. The Apricena Fault has been iden-
tified in this paper as the causative fault of the 1627
earthquake; the Mattinata Fault has been indicated by
Piccardi (1998) as the source of the most important
seismic events in the Gargano Promontory. These ob-
servations suggest that in the upper part of the Early
Pleistocene the Mattinata Fault disengaged from the
Chieuti High, which remained inactive, and began to
move in a new stress field, together with the Apricena
Fault, as an extensional feature with a component of
right-lateral motion as recognised by Piccardi (1988).
At present, the seismic activity appears to be concen-
trated in the Gargano Promontory and in the Northern
Capitanata region, as well as in the Adriatic area north
and northeast of Gargano (see Figure 9). No seismi-
city, on the contrary, seems to be associated with the
Gondola-Grifone structure. The lack of seismicity and
the absence of recent tectonic deformation associated
with this important structural feature suggest the ex-
istence of a dextral transfer system extending from the
Manfredonia Gulf to the seismic area SE of Palagruza,
which delimits to the east the Gargano Promontory
and separates active and non-active foreland areas. A
parallel SW-NE strike-slip fault system transferring
with left-lateral motion the seismic activity from the
Apricena Fault to other structural features located in
the Adriatic offshore is also suggested by the present-
day seismicity pattern, which shows a concentration of
epicenters roughly aligned with the Tremiti structural
high.

On 31 October 2002 an earthquake of Ml = 5.4
with epicenter located in the Apennine thrust belt
about 20 kilometres W of the Chieuti High struck the
Basso Molise region with maximum damage in San
Giuliano di Puglia (I = VIII-IX MCS). The earthquake
was followed by numerous aftershocks the most en-
ergetic of which (Ml = 5.3) occurred the day after
the main shock. The focal solutions of the two major
events show strike-slip-fault mechanisms with sinistral
N-S and dextral W-E nodal planes. The aftershock dis-
tribution strongly suggests the activation of a W-E dir-
ected tectonic structure. More exhaustive information
on the October 31 and November 1, 2002 earthquakes,
as well as on the entire seismic sequence, is available
on the home page of the National Institute of Geo-

physics and Volcanology (http: //www.ingv.it). The
epicenters of the October 31 and November 1, 2002
earthquakes lie in an area where no previous event
had been reported in the Italian catalogues. However,
the occurrence of earthquakes with moderate energy in
that area may have a logical explanation that accounts
for the focal mechanism of the events and for the
W-E trend of the causative geological structure. Right-
lateral faults having W-E or WSW-ENE trend, in fact,
may play the role of transfer faults able to accommod-
ate sinistral offsets between NW-SE or WNW-ESE
master faults in the Apennines and NW-SE or WNW-
ESE master faults in the Apulia foreland, all these
faults being active in the same regional stress field. We
must remember here that both the Southern Apennines
and Northern Capitanata-Gargano are characterised by
a regional stress field with T axis oriented SW-NE
(Montone et al., 1999; Frepoli and Amato, 2000a, b).

An exhaustive interpretation of the regional seismi-
city of Basso Molise, Northern Capitanata, Gargano,
Southern Capitanata and surrounding offshore areas
goes beyond our scope. The surface and subsurface in-
vestigation carried out in the area affected by the 1627
earthquake, in fact, should be extended to the entire
seismic region. Our interest here was only to focus
attention on the potential of a kinematic approach in
seismotectonic studies.

Results and general remarks

Stratigraphic and structural investigations carried out
on the subsurface geological structures of the Basso
Molise and Northern Capitanata regions have enabled
us to identify a WNW-ESE trending and SSW dip-
ping fault about 30 kilometres long which cuts across
the entire pile of Plio-Pleistocene deposits displaying
evidence of activity in recent times. The top-carbonate
throw exceeding 500 metres and a rollover anticline
developed in the Quaternary deposits of the hanging-
wall block indicate a prevailing dip-slip displacement.
This fault, here called the Apricena Fault, has been
recognised as the source of the disastrous 1627 Gar-
gano earthquake (see Figure 8). Other faults active in
recent times which are large enough to produce earth-
quakes comparable with the 1627 event do not exist in
the study region, neither in the Adriatic Sea north of
the Lesina Lake nor in the Apulia mainland. Previous
locations of the seismic source in correspondence to
the NE-SW trending Tremiti structural high (Mele et
al., 1990; Argnani et al., 1993; Console et al., 1993)
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or in correspondence to a WSW-ENE morphotectonic
structure developed between Apricena and Sannic-
andro (Salvi et al., 2000) do not fit the available
data. A south-dipping normal fault located somewhere
south of Lesina causing uplift of the sea-facing foot-
wall block was already expected by Tinti and Piatanesi
(1996) on the base of numerical simulations of the
tsunami that followed the main shock. A dip-slip
motion without important strike-slip components was
also expected by Panza et al. (1991) who modelled the
1627 seismic source starting from synthetic isoseis-
mals. We wish to remark, here, that the length and the
strike of the Apricena Fault mapped in our study have
a very good fit with the 1627 seismic source computed
by Gasperini et al. (1999) starting from macroseis-
mic data. This coincidence enhances once more the
important role played in seismotectonic analyses by
reliable reconstructions of historical earthquakes.

The identification of the seismic source of the
disastrous 1627 earthquake, as well as the under-
standing of the kinematic relationships between the
Apricena Fault and other tectonic structures active dur-
ing Quaternary times in the Basso Molise, Gargano
and Adriatic offshore areas, has been made possible
by a close integration of stratigraphic and structural in-
vestigations. We believe that this integrated approach,
in which we try to extend the basic concepts of the
2D/3D structural balance and palinspastic restoration
to the kinematic analysis of an earthquake-prone re-
gion, may represent a powerful tool in seismotectonic
investigations, mostly in regions where important tec-
tonic changes in the tectonic behaviour have occurred
in relatively recent times and where short-lived fault
systems have followed one after the other in very short
time intervals. Of course, there are intrinsic limits
to our approach and additional investigations based
on different methods (high-resolution seismic profiles,
radar, trenching etc.) will be needed to fully under-
stand the activity of an important seismogenic fault
such as the Apricena Fault.
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