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We pro vide im proved con straints on the tim ing, ge om e try and ki ne mat ics of the fault that may con trol the north ern sub -
merged morpho-struc tural re lief termed Monte Giove, off shore from the town of Polignano a Mare. We have in te grated on -
shore and off shore data, and in ter preted seis mic pro files from the ViDEPI pro ject per tain ing to the off shore Adri atic Sea of
the Murge area, and made field ob ser va tions north of Polignano a Mare. The fault has been sur veyed on shore and mainly off -
shore along a dis tance of ~25 km. Gen er ally strik ing E–W, it dips at high an gle to the NNE in the west and to the N in the east.
Ac tive since at least the Cre ta ceous, this was re ac ti vated af ter the Early Pleis to cene with dextral oblique-slip ki ne mat ics. It
bor ders the Monte Giove sub merged re lief/struc tural high, and con tin ues eastwards in the Adri atic Sea into the North ern De -
for ma tion Zone/”Murge basse” graben, that in turn af fected the on shore Murge area. Fault re ac ti va tion may have been re -
lated to a strain field in the outer part of the gen tle buckle fold that in volved the con ti nen tal litho sphere of the Apulian Fore land 
(i.e., the ar eas of the Murge on shore and the Adri atic Sea off shore) since the Mid dle Pleis to cene, as roll-back of the
subducting litho sphere halted. Be sides its tec tonic re ac ti va tion, this fault has im por tant im pli ca tions as re gards lo cal seis mic
haz ard, as well as the mor phol ogy in flu enc ing the pres ent-day bioherm.
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INTRODUCTION

In the south ern Adri atic Sea, off shore from the Murge pla -
teau of south ern It aly (Fig. 1), Corriero et al. (2019) doc u -
mented the pres ence of re cent bioherms on sub merged mor -
pho log i cal re lief ~10 m deep, bor dered, to the NNE by a ~30 m
slope. This slope, roughly WNW–ESE-strik ing and sur veyed for 
~3 km in length (us ing CHIRP pulse side-scan so nar and a
sub-bot tom profiler), was hy poth e sized as due to the re cent ac -
tiv ity of a sub-ver ti cal fault (Corriero et al., 2019; Fig. 2), though
with no doc u mented con straints. This in ter pre ta tion may be
cor rob o rated by the pres ence of sim i lar morpho-struc tures,
both on shore and off shore the Murge area, re lated to sub-ver ti -
cal faults ac tive at least dur ing Qua ter nary (Iannone and Pieri,
1982; Tropeano et al., 1997; di Bucci et al., 2009, 2011; Fes ta

et al., 2019a), and, more over, re spon si ble for fre quent low-en -
ergy seis mic ity (Tropeano et al., 1997; Del Gaudio et al., 2001,
2005; Fes ta et al., 2019a).

The pos si ble lat eral con tin u a tion of these faults in the Adri -
atic Sea area, from the ad ja cent Murge area on shore, was dis -
cussed by Morelli (2002), where the so-called Monte Giove sub -
ma rine re lief (de’ Dominicis and Mazzoldi, 1987), in clud ing the
slope on which bioherms pres ently grow (Fig. 2) (i.e., Corriero
et al., 2019), was re lated to the Monopoli fault sys tem (Fig. 1A).

The fault con trol ling the south ern mar gin of the Monte Giove 
sub ma rine re lief (Figs. 1B and 2), which is seis mi cally ac tive,
has re cently been geo met ri cally con strained (Fes ta et al.,
2019a). On the re gional struc tural sketch by Morelli (2002), the
north ern mar gin seems con trolled by faults be long ing to the
Monopoli sys tem (Fig. 1A), al beit poorly con strained in terms of
ki ne mat ics and ge om e try at a more de tailed scale, and con sid -
ered ac tive up to the Plio cene.

There fore, the main ob jec tive of the pres ent re search pa per
is to better con strain the tim ing, ge om e try and ki ne mat ics of the
fault pos si bly con trol ling the slope bor der ing the north ern mar -
gin of the Monte Giove sub merged re lief. The re sults may have
im pli ca tions for the tec tonic re ac ti va tion within the Apulian Fore -
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land, for seis mic haz ards in the area (Fes ta et
al., 2019a and ref er ences there in), and as re -
gards form ing the sub ma rine to pog ra phy on
which the pres ent-day bioherm grows (Corriero
et al., 2019).

GEOLOGICAL SETTING

The south ern Adri atic Sea re gion cor re -
sponds roughly to both the south ern Adri atic
Ba sin, i.e., the Me so zoic-Eocene ba sin do main
ly ing ad ja cent to the Apulia Plat form realm
(Zap pa terra, 1994), and the pres ent-day Dina -
rides -Albanides- Hellenides fore land ba sin (de
Alteriis and Aiello, 1993; Bertotti et al., 2001;
Fantoni and Franciosi, 2010; Cicala et al., 2021; 
Fig. 1A). In the Oligocene – Qua ter nary evo lu -
tion of the Dinarides - Albanides-Hellenides oro -
gen, the Adri atic Ba sin and a part of the Apulia
Plat form were pro gres sively in volved to the
west in the fore land ba sin; more over, in the
frame work of the south ern Apennines (far ther
west), the Apulia Plat form was pro gres sively in -
volved to the east in the re lated Neo gene-Qua -
ter nary foredeep do main (Ricchetti et al., 1988;
Doglioni et al., 1994; Onofrio et al., 2009).
There fore, a rem nant of the Apulia Plat form
largely char ac ter izes the Plio-Pleis to cene fore -
land of both the Dinarides-Albanides- Helle -
nides and the Apennines, i.e., the Apulian Fore -
land (Selli, 1962; Ricchetti et al., 1988; Fig. 1A,
B). Ac cord ing to Doglioni et al. (1994), the up lift
since the Mid dle Pleis to cene of the Apulian
Fore land oc curred in re la tion to a NW–SE strik -
ing re gional, con ti nen tal lithospheric gen tle
buckle fold, that in turn re sulted from the in hib -
ited eastwards roll-back of the con ti nen tal litho -
sphere dur ing Apennines subduction.

The Apulian Fore land ba si cally con sists, in
its up per part, of a sed i men tary cover rest ing on
a Variscan base ment (Ricchetti et al., 1988),
whose near est co eval and sim i lar rock-types
crop out in the Sila Mas sif (Fes ta et al., 2006)
(Fig. 1A). The sed i men tary cover is rep re sen -
ted, from the bot tom to the top, by Permo-Tri as -
sic con ti nen tal de pos its of the Verrucano Fm.
(up to ~1000 m thick), Up per Tri as sic lime -
stones/dolostones and an hyd rites of the
Burano Fm. (up to ~2500 m thick), and Lower
Ju ras sic lime stones of the Calcare Massiccio
Fm. (up to ~1000 m thick); the Mid dle Ju ras sic-
-Up per Cre ta ceous in ner plat form car bon ates
of the Apulia Plat form ex ten sively crop out in the 
Apulian Fore land, where they show a thick ness
of ~4 km (Ciaranfi et al., 1988; Ricchetti et al.,
1988; Spalluto et al., 2005).

Mar ginal and pe lagic car bon ates (both at
out crop and drilled) tes tify to the oc cur rence of
the plat form-ba sin tran si tion and the Adri atic
Ba sin (Fig. 1A), re spec tively (Borgomano,
2000; Nicolai and Gambini, 2007). Sim i lar de -
pos its, how ever, filled some nar row extensional
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Fig. 1A – sche matic struc tural map of the re gion around the south ern Adri atic
Sea (mod i fied af ter Fes ta et al., 2014); M-G – Mattinata-Gon dola Fault, MS –
Monopoli sys tem of faults (mod i fied af ter Morelli, 2002); the solid black line en -
closes the Murge area (i.e., Fig. 1B, C); B – struc tural sketch map of the Murge
area (mod i fied af ter Fes ta, 2003); the Monte Giove sub ma rine re lief and the
south ern fault bor der ing it (mod i fied af ter Fes ta et al., 2019a) are also in di -
cated; C – neotectonic struc tural sketch map of the Murge area (mod i fied af ter
Iannone and Pieri, 1982)
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fault-con trolled Up per Cre ta ceous intra-plat form bas ins (de’
Dominicis and Mazzoldi, 1987; Nicolai and Gambini, 2007;
Mastrogiacomo et al., 2012; Fes ta et al., 2018).

The Murge area, i.e., the cen tral por tion of the emerged
Apulian Fore land (Fig. 1A), is char ac ter ized by an ex ten sive
out crop of the Apulia Plat form car bon ates, here rep re sented by
the “Calcare di Bari” Fm. (Lower Cre ta ceous), be low, and
“Calcare di Altamura” Fm. (Up per Cre ta ceous), above. Ac cord -
ing to Fes ta (2003), the de po si tion of the lime stones of the
“Calcare di Altamura” Fm. was con trolled by a sys tem of faults
with nor mal and dextral transtensional ki ne mat ics (Fig. 1B).
Thin Plio-Pleis to cene calcarenites be long ing to the “Calcare -
nite di Gravina” Fm. un con form ably over lie the Cre ta ceous car -
bon ates, and crop out along the flanks and, lo cally, in the in ner
of the Murge high (Ciaranfi et al., 1988; Fig. 1B). The Qua ter -
nary tec ton ics of the Murge area is mainly char ac ter ized by
extensional faults strik ing in the range NW–SE and W–E, to -
wards the Adri atic Sea coast line, and dip ping in the range NE
and N, re spec tively (Iannone and Pieri, 1982; Tropeano et al.,
1997); some of these faults, and oth ers dip ping in the op po site
di rec tion, gave rise to the “Murge alte” and “Murge basse”
grabens (Fig. 1C; Iannone and Pieri, 1982).

In the Adri atic Sea off shore from Murge, Oligocene to Qua -
ter nary de pos its un con form ably over lie bed rock made of Me so -
zoic-Eocene Apulia car bon ates, i.e., the plat form and ba sin car -
bon ates (Nicolai and Gambini, 2007), and in crease in thick ness 
to wards the in ner Albanides fore land ba sin (de’ Dominicis and
Mazzoldi, 1987; de Alteriis and Aiello, 1993; de Alteriis, 1995;
Bertotti et al., 2001; Nicolai and Gambini, 2007; Fantoni and
Franciosi, 2010). Here, the plat form-ba sin tran si tion was con -
trolled by dom i nant extensional faults that, more over, were ac -
tive also dur ing the Neo gene (de’ Dominicis and Mazzoldi,
1987). In this re spect, the Monte Giove (Fig. 1A), i.e., a nar row
E–W-sub ma rine ridge dom i nated by Apulia Plat form car bon -

ates, was pres ent along the plat form-ba sin tran si tion (de’
Dominicis and Mazzoldi, 1987; Nicolai and Gambini, 2007),
pos si bly con trolled by faults be long ing to the Monopoli sys tem,
ac tive up to the Plio cene (Morelli, 2002; Fig. 1A). Fur ther more,
the south ern fault bor der ing Monte Giove shows ev i dence of
Qua ter nary and pres ent-day ac tiv ity (Fes ta et al., 2019a).

MATERIAL AND METHODS

To de tect the fault that may con trol the north ern slope of the
Monte Giove sub merged re lief, the Adri atic Sea off shore from
Polignano a Mare was ex am ined up to ~30 km from the coastal
line (Fig. 2).

First, the off shore bathymetry, as well as the on shore to pog -
ra phy of the ad ja cent emer gent area, were re con structed in GIS
by the pro cess ing of a pub lic dataset from The Eu ro pean Ma rine
Ob ser va tion and Data Net work (EMODnet, 2022) and a DTM of
the Puglia re gion (puglia.con, 2022), re spec tively (Fig. 2).

The Vis i bil ity of Pe tro leum Ex plo ra tion Data in It aly, ViDEPI, 
pro ject (ViDEPI Pro ject, 2015), con trib uted greatly to the geo -
log i cal in ter pre ta tion. Al though deal ing with vin tage re flec tion
seis mic pro files and ex plo ra tion well logs, the re lated dataset
has been widely used in case stud ies from the south ern Adri atic 
Sea since its on line pub li ca tion in 2007 (see ViDEPI Pro ject,
2015). It pro vided re mark able in put into the study of the re la -
tion ships be tween tec ton ics and sed i men ta tion within the Me -
so zoic Apulia Plat form-Adri atic Ba sin sys tem and the
Paleogene-Qua ter nary fore land bas ins of both the Apennines
to the west, and the Dinarides-Albanides-Hellenides to the east
(Fig. 1A; Nicolai and Gambini, 2007; Scisciani and Calamita,
2009; Del Ben et al., 2010, 2015; Fantoni and Franciosi, 2010;
Santantonio et al., 2013; Fes ta et al., 2014, 2019a, b; Volpi et

Marianna Cicala et al. / Geological Quarterly, 2023, 67: 11 3

DR82-595

D450

D
46

0

D
R

38D
45

9

F83-101

D449

F
83

-1
04

D
46

1

Picchio-1

1
7

°3
0

’0
0

”E

1
7

°1
8

’0
0
”E

41°00’00”N

Fig. 4A
Fig. 4B

Fig. 3

Fig. 5A

M o n t e    G i o v e

Polignano
a Mare

-50

-100

-50

-10050

100

150

200

250

Fig. 4C

present paper

Festa et al. (2019b)

Corriero et al. (2019)

5

10

-50

-55

-45
-40

-35
-30-25

-20
-15-10

-5

500 m

5 km

Fig. 2. Struc tural sketch map of the Adri atic Sea off shore from Polignano a Mare (for lo ca tion see Fig. 1B)

Blue con tour lines of the ma rine area, af ter EMODnet (2022), and brown con tour ones of the onland zone, af ter puglia.con (2020);
the in set mag ni fied area is mod i fied af ter Corriero et al. (2019); the po si tion of Picchio-1 ex plo ra tion bore hole (Fig. 3), the traces of
the seis mic pro files (Fig. 4), and the coastal onland study area (Fig. 5A) are shown; the south ern fault of the Monte Giove struc -
tural high is af ter Fes ta et al. (2019a)

https://doi.org/10.1029/2001TC900012
https://doi.org/10.1038/s41598-019-40284-4
https://doi.org/10.1016/0040-1951(95)00155-7
https://doi.org/10.1016/0025-3227(93)90020-V
https://doi.org/10.1016/j.jog.2015.06.003
https://doi.org/10.1016/j.jog.2015.06.003
https://emodnet.ec.europa.eu/en
https://emodnet.ec.europa.eu/en
https://doi.org/10.1007/s12210-010-0102-4
https://doi.org/10.1007/s12210-010-0102-4
https://doi.org/10.1007/s12210-010-0102-4
http://doi.org/10.5169/seals-169003
https://doi.org/10.1111/ter.12082
https://doi.org/10.3301/IJG.2017.12
https://doi.org/10.4154/gc.2019.10
https://doi.org/10.4154/gc.2019.10
https://doi.org/10.4154/gc.2019.10
https://doi.org/10.1007/s00531-019-01739-1
https://doi.org/10.1016/j.sedgeo.2012.05.001
http://www.sit.puglia.it/
http://www.sit.puglia.it/
https://doi.org/10.1016/j.marpetgeo.2012.11.008
https://doi.org/10.1016/j.marpetgeo.2012.11.008
https://doi.org/10.1016/j.tecto.2008.10.030
https://doi.org/10.1144/GSL.SP.2001.186.01.16
https://doi.org/10.2516/ogst/2014039
https://www.videpi.com


al., 2016, 2018; Milia et al., 2017a, b; Cicala et al., 2021, 2023a,
b; Chizzini et al., 2022; Pellen et al., 2022).

The fol low ing seis mic pro files were down loaded as .pdf
doc u ments from the ViDEPI Pro ject (ViDEPI Pro ject, 2015),
georeferenced in GIS (QGIS, 2020) and in ter preted: 

– the Picchio-1 ex plo ra tion well;
– unmigrated seis mic pro files DR82-595, D450, F83-101,

D449, DR38, D460, and F83-104 (lo cated on Fig. 2). 
These seis mic pro files have sev eral lim i ta tions (e.g., the ba -

sic shape of the seis mic wave lets and the seis mic po lar ity are
miss ing on the re lated doc u ment head ers), so for op ti mal in ter -
pre ta tion of the seis mic pro files the anal y sis of the shape and po -
lar ity of the prin ci pal re flec tors was made ac cord ing to Cicala et
al. (2023a). In the ab sence of the sonic log for the Picchio-1 ex -
plo ra tion well, av er age ve loc i ties were cal cu lated by con sid er ing
both the thick ness of the lithostratigraphic units drilled and the re -
lated two-way-times (TWT) val ues on the seis mic pro file
F83-104 (Fig. 3). The av er age ve loc i ties ob tained for each
seismostratigraphic unit rec og nized fit within the range of the ref -
er ence val ues given by Morelli (2002) and Cicala et al. (2023a).

Fi nally, the cliff at Polignano a Mare was sur veyed geo log i -
cally in de tail, to seek morpho-struc tural ev i dence for a pos si ble 
on shore con tin u a tion of the sub ma rine slope iden ti fied by
Corriero et al. (2019) (Fig. 2).

NORTHERN FAULT OF THE MONTE GIOVE
SUBMARINE RELIEF

INTERPRETATION OF OFFSHORE SEISMIC PROFILES 

The ref er ence stra tig ra phy for the Adri atic Sea off shore from
of Polignano a Mare is sum ma rized in Fig ure 3, show ing the cor -
re la tion be tween the 1780 m thick lithostratigraphic log of the
Picchio-1 ex plo ra tion well and the re lated seis mic re flec tion fea -
tures of the seis mic pro file F83-104, the lat ter show ing a
zero-phase nor mal po lar ity; the seis mic pro file DR82-595 (Fig.
4A) dis plays a min i mum phase re verse po lar ity, whereas the
seis mic pro files D450 (Fig. 4B) and D460 (Fig. 4C) ex hibit a
zero-phase re verse po lar ity. As shown in Fig ure 3, the top of the
Me so zoic-Eocene Apulia car bon ates is gen er ally well-de fined
and char ac ter ized by a high am pli tude, strong re flec tor; for these
car bon ates, en coun tered in the ex plo ra tion well for a thick ness of 
280 m, and rep re sented by Eocene lime stones and Up per Cre ta -
ceous dolostones, an av er age ve loc ity of 4500 ms–1 has been
as signed. Above this re flec tor, Oligo-Mio cene, Plio cene and
Qua ter nary seismostratigraphic units have been iden ti fied based 
on par tic u lar seismostratigraphic fea tures.

The Oligo-Mio cene seismostratigraphic unit is dom i nated by
630 m of marls, cal car e ous marls and sand stones giv ing mod er -
ate to high am pli tude re flec tions, and gen er ally show ing sub -
parallel con tin u ous to dis con tin u ous re flec tors (Fig. 3). This unit,
that is char ac ter ized by an av er age ve loc ity of 3400 ms–1, is
topped by a strong re flec tion due to the sharp tran si tion to the
870 m thick clays and sand stones that dom i nate both the Plio -
cene and the Qua ter nary seismostratigraphic units, for which an
in ter val av er age ve loc ity of 1950 ms–1 was ob tained (Fig. 3).
Low- to me dium-am pli tude subparallel dis con tin u ous and con tin -
u ous re flec tions are ex hib ited by these two units, al though sep a -
rated from each other by a strong con tin u ous re flec tor (Fig. 3).

The Oligo-Mio cene, Plio cene and Qua ter nary seismo strati -
graphic units thin to wards both the west and the south, where
they are de formed by a ma jor high-an gle fault (dip of ~70°), dip -

ping to the north, and hav ing a dip-slip com po nent of move ment 
(Fig. 4). In plan view, this fault, sur veyed for a length of ~25 km,
strikes E–W in the Adri atic Sea off shore from Polignano a Mare, 
and it bounds the Monte Giove struc tural high to the north (Figs. 
2 and 4).

Gen tle fold ing, ob served in the re flec tors around the fault,
in di cates both fault prop a ga tion and drag ging of the strata, dur -
ing move ment be tween the hang ing wall and the footwall (Fig.
4). Ev i dence of Ce no zoic synsedimentary ac tiv ity of the fault is
rep re sented by the in creas ing thick ness of the Oligo-Mio cene,
Plio cene and Qua ter nary seismostratigraphic units on the
hang ing wall, and, hence, by a down wards in crease of the
throw, up to ~400 m (e.g., Fig. 4A). More over, along the fault a
mi nor throw can be ob served to wards the west (e.g., Fig. 4B).
The tip of the fault is gen er ally lo cated within the Qua ter nary
seismostratigraphic unit (Fig. 4A, C). Un for tu nately, due to the
low res o lu tion of the unmigrated seis mic pro files avail able, it
was not al ways pos si ble to es tab lish whether the Qua ter nary
strati graphic suc ces sion is de formed by fault ing also in its up -
per most part, though, lo cally, the fault seems cross cut the
whole Qua ter nary seismostratigraphic unit (Fig. 4B).
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ONSHORE FIELD OBSERVATIONS

The pos si ble lat eral con tin u a tion, even far ther west, of the
fault that bor ders the Monte Giove struc tural high to the north
has been searched also on the cliff at Polignano a Mare. Ev i -
dence of this fault has been found along the Adri atic coast north 
of the town (Fig. 2), where Lower Cre ta ceous lime stones of the
“Calcare di Bari” Fm. and Lower Pleis to cene calcarenites of the
“Calcarenite di Gravina” Fm are jux ta posed along an E–W strik -

ing, sub-ver ti cal tec tonic con tact (Fig. 5A). The calcarenites to
the north are down thrown (Fig. 5A) by not <6 m, and are char ac -
ter ized, along the tec tonic con tact, by centi metre- to
decimetre-thick well-ce mented sub-ver ti cal bands, which re sult
in straight to curvilinear ridges de tect able, in plan-view, for sev -
eral metres (Fig. 5B, C). Among these well-ce mented bands,
that are struc tur ally and ge net i cally re lated to the ma jor fault de -
ter min ing the tec tonic con tact, the main one is sub-ver ti cal and
strikes E–W (par al lel to the tec tonic con tact) (Fig. 5B, C); its
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Fig. 4A – in ter pre ta tion of a por tion of the seis mic pro file D450 (for lo ca tion see Fig. 2); B – in ter pre ta tion of a
sec tor of the seis mic pro file DR82-595 (for lo ca tion see Fig. 2); C – in ter pre ta tion of a part of the seis mic pro -
file D460 (for lo ca tion see Fig. 2). The three por tions of the seis mic re flec tion pro files cross the Monte Giove
sub merged re lief north ern fault



mar gins, lo cally ex posed, show fric tional wear striation as
grooves with a pitch of 35° (Fig. 5D), in di cat ing that this main
well-ce mented band de vel oped by seal ing an oblique-slip
sub-ver ti cal fault. There fore, these well-ce mented bands are
rep re sented by sealed faults (Fig. 5B–D).

As re gards the “Calcare di Bari” Fm. ad ja cent to the tec tonic 
con tact with the “Calcarenite di Gravina” Fm. (Fig. 5A), pla nar
anisotropies, roughly NNW-dip ping, show an abrupt vari a tion of 
the dip, of ~45° near to the tec tonic con tact, and from
weakly-dip ping to sub-hor i zon tal, mov ing away from the con tact 
(Fig. 6A). More over, the spac ing of the pla nar anisotropies de -
creases to wards the tec tonic con tact, so that where a higher dip 
oc curs a strong in crease of the pla nar anisotropies can be ob -
served (Fig. 6B). These lat ter are here char ac ter ized by al ter -
nat ing very fine-grained brighter and darker car bon ate bands
milli metres to centi metres thick (Fig. 6C, D). These bands lo -
cally wrap brighter centi metre-scale sig moid-type ob jects and
hinge zones of asym met ri cal unrooted folds (Fig. 6C); up to
centi metre-thick brighter lenses can be found stretched sub-

 par al lel to the main band ing (Fig. 6D). How ever, a duc tile shear -
ing, geo met ri cally co her ent with pri mary laminae, can not be ex -
cluded. Fi nally, later frac tur ing is su per im posed on the duc tile
shear ing (Fig. 6D). Sum ming up, a duc tile de for ma tion in volved
the “Calcare di Bari” Fm. ad ja cent to the tec tonic con tact with
the “Calcarenite di Gravina” Fm. the weakly dip ping to sub-hor i -
zon tal pla nar anisotropies of the “Calcare di Bari” Fm. that ex -
tend from the tec tonic con tact (Fig. 5A), are clearly rep re sented
only by stra tal sur faces. There fore, it can be in ferred that the
“Calcarenite di Gravina” and the “Calcare di Bari” fms. north of
Polignano a Mare, were jux ta posed af ter the Lower Pleis to cene 
by a dextral oblique-slip sub-ver ti cal fault (Fig. 5A) which rep re -
sents the lat eral con tin u a tion, to the west, of the fault that forms
the north ern bor der of the Monte Giove struc tural high (Fig. 2).
How ever, the duc tile be hav iour of the “Calcare di Bari” Fm.
(e.g., Fig. 6C, D) in di cates that fault ac tiv ity likely oc curred well
be fore the brit tle de for ma tion re corded in the “Calcarenite di
Gravina” Fm. (Fig. 5B–D).
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Fig. 5A – geo log i cal sketch map of the area north of Polignano a Mare (for lo ca tion see Fig. 2); note the tec -
tonic con tact, i.e., the dextral oblique-slip sub-ver ti cal fault be tween the “Calcarenite di Gravina” and the
“Calcare di Bari” fms.; B – decimetre thick well-ce mented sub-ver ti cal sealed faults in the “Calcarenite di
Gravina” Fm., oc cur ring, in plan-view, as straight to curvilinear ridges (ar rowed); the main sealed fault is lo -
cated to the south (pho to graph taken from the east); C – de tail of the main sealed fault in the “Calcarenite di
Gravina” Fm., ar rowed (pho to graph taken from the west); D – grooved mar gin of the main sealed fault in the
“Calcarenite di Gravina” Fm.; the ste reo graphic pro jec tion of the groove lineations is shown; the ar rows in -
di cate the sense of move ment along the sealed fault



DISCUSSION

Fault re ac ti va tion is a com mon fea ture in the tec tonic evo lu -
tion of orogenic sys tems (e.g., Holdsworth et al., 1997;
Tavarnelli et al., 2001; Laco mbe and Mouthereau, 2002; But ler
et al., 2006; Fes ta et al., 2020), in clud ing in fore land bas ins
(Krzy wiec, 2001; Krzywiec et al., 2005; Oszczypko et al., 2006;
Pace et al., 2015). It is not gen er ally ac knowl edged that tec tonic 
in her i tance may af fect ar eas de void of orogenic de for ma tion
(e.g., outer fore land ar eas). How ever, in the struc tural con text
of the Apulian Fore land the re ac ti va tion of Cre ta ceous faults
has been hy poth e sized by Tropeano et al. (1997), di Bucci et al. 
(2009, 2011) and Fes ta et al. (2019a), but doc u mented only by
Chilovi et al. (2000) for the Mattinata-Gon dola Fault (Fig. 1A),
and by Fes ta (2003) for the Murge area. As shown by the com -
par i son of the two struc tural maps in Fig ure 1B, C, the re ac ti va -
tion of faults is in di cated re gion ally by the near cor re spon dence
of the Plio-Qua ter nary “Murge alte” and “Murge basse” grabens 
(Fig. 1C) (Iannone and Pieri, 1982) with the late Cre ta ceous
faults re lated to the Cen tral and North ern De for ma tion zones
(Fig. 1B; Fes ta, 2003), re spec tively.

Our re sults show that the NNE- to N-dip ping fault, strik ing
from north of Polignano a Mare to the east in the Adri atic off -
shore Murge area, con trols the ge om e try of the north ern mar gin 
of the Monte Giove struc tural high/sub merged re lief (Fig. 2);
this fault in cludes the sub-ver ti cal seg ment, re cord ing re cent
ac tiv ity and gov ern ing the mor phol ogy of the slope, sur veyed by 
Corriero et al. (2019) (Fig. 2). There fore, this slope may rep re -
sent an im por tant wit ness to the re cent ac tiv ity of the fault, well

af ter the tim ing of fault ing (up to the Plio cene) sug gested by
Morelli (2002) for the Monopoli fault sys tem (Fig. 1A). Ac cord ing 
to on shore field data (Figs. 5 and 6) and from the in ter pre ta tion
of the off shore re flec tion seis mic pro files (Fig. 4), the north ern
fault of the Monte Giove struc tural high is sub-ver ti cal and char -
ac ter ized by post-Lower Pleis to cene dextral oblique-slip ki ne -
mat ics (Fig. 2). How ever, the seis mic pro files sug gest syn-sed i -
men tary tec ton ics gen er ally dur ing Qua ter nary, as well as dur -
ing the Plio cene and Oligo-Mio cene, as re vealed by the thick -
ness in creases of the re lated seismostratigraphic units in the
hang ing wall of the north ern fault of the Monte Giove struc tural
high (Fig. 4A, B).

The fault bor der ing the Monte Giove struc tural high to the
north is in lat eral con ti nu ity with the North ern De for ma tion Zone
to the west, which was ac ti vated at least since the late Cre ta -
ceous within the Murge area (Fig. 7A; Fes ta, 2003). Ac cord ing
to strati graphic data in ter pre ta tion by de’ Dominicis and Mazzol -
di (1987) and Nicolai and Gambini (2007), ac tiv ity of the north -
ern fault of the Monte Giove struc tural high can be traced back
to the Cre ta ceous. In this re spect, the duc tile be hav iour of the
“Calcare di Bari” Fm. car bon ates, ob served in the field along the 
fault zone (Fig. 6), is in line with the Cre ta ceous tec ton ics within
the North ern De for ma tion Zone. More over, the post- Lower
Pleis to cene ac tiv ity in this de for ma tion zone would also have
oc curred through the re ac ti va tion of the re lated faults (i.e., Fig.
5), and the for ma tion of the “Murge basse” graben iden ti fied by
Iannone and Pieri (1982) (Fig. 1C).

The re ac ti va tion of the faults within the North ern De for ma -
tion Zone may be re lated to the con ti nen tal lithospheric gen tle
buck ling in voked by Doglioni et al. (1994) for the Apulian Fore -

Marianna Cicala et al. / Geological Quarterly, 2023, 67: 11 7

N - S N - S 

1 cm

2
 m

ADRIATIC SEA
ADRIATIC SEA Polignano a Mare

Fig. 6B BA

C D

NW - SE N - S 
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land dur ing the Apennines subduction (Fig. 1A), which was ac -
com pa nied by arch ing/up lift of the Murge area since Mid dle
Pleis to cene (Fig. 7B). Ac cord ingly, a roughly NE–SW re gional
elon ga tion of the outer part of the gen tle buckle fold,
NW–SE-strik ing and af fect ing the con ti nen tal litho sphere (Fig.
7B), may have de ter mined the re ac ti va tion of both late Cre ta -
ceous faults iden ti fied by Fes ta (2003), as well as the flex ural
extensional faults ac ti vated dur ing the Plio-Pleis to cene east -
wards roll-back of the subducting litho sphere (Cicala et al.,
2021). Ac cord ing to this in ter pre ta tion, the re ac ti va tion of the
NW–SE strik ing faults in the Murge area oc curred with dip-slip
ki ne mat ics (Fig. 7A), as sug gested by fo cal mech a nisms cal cu -
lated by Del Gaudio et al. (2005) for re cent earth quakes in the
Murge area. Fur ther more, in the south east ern Murge area, the
NE–SW re gional elon ga tion oc curred since the Mid dle Pleis to -
cene (di Bucci et al., 2011). Ac cord ingly, such a fea ture of the
re gional strain field would have de ter mined the re ac ti va tion of
E–W strik ing faults, within the North ern De for ma tion Zone and
bor der ing the Monte Giove sub merged re lief, with a dextral hor -
i zon tal com po nent of sim ple shear (Fig. 7A). In this re spect,
Chilovi et al. (2000), di Bucci et al. (2009, 2011) and Fes ta et al.
(2019a) in ter preted the  E–W strik ing right-lat eral seismogenic
faults in the Apulian Fore land as in her ited and re ac ti vated
struc tures.

CONCLUDING REMARKS

Our main re sults, aimed at con strain ing the fault con trol ling
the ge om e try of the north ern mar gin of the Monte Giove sub -
merged re lief, sup port the fol low ing con clu sions:

– on shore field data and seis mic pro file in ter pre ta tions in di -
cate that the ge om e try of the north ern mar gin of the Monte
Giove sub merged re lief/struc tural high is con trolled by a
NNE- to N-dip ping fault, strik ing from north of Polignano a
Mare to the east, in the Adri atic Sea;

– this fault is sub-ver ti cal and char ac ter ized by post-Early
Pleis to cene dextral oblique-slip ki ne mat ics;

– syn-sed i men tary tec ton ics dur ing the Oligo-Mio cene, Plio -
cene and Qua ter nary are shown by the in crease in thick -
ness of the re lated seismostratigraphic units in the hang ing
wall of the fault;

– the north ern fault of the Monte Giove sub merged struc tural
high shows clues to Cre ta ceous ac tiv ity, rep re sented by
duc tile de for ma tion struc tures un der diagenetic con di tions
within the out crop ping lime stones of the “Calcare di Bari”
Fm. in volved in fault ing;

– the faults bor der ing the Monte Giove struc tural high rep re -
sent the off shore lat eral con tin u a tion to the east, in the Adri -
atic Sea, of the North ern De for ma tion Zone within the
Murge area, ac tive since the late Cre ta ceous;

– the faults of the North ern De for ma tion Zone and those bor -
der ing the Monte Giove struc tural high may have been re ac -
ti vated dur ing post-Early Pleis to cene time with nor mal
dip-slip and dextral oblique-slip ki ne mat ics along NE-dip -
ping and N-dip ping/E–W strik ing sub-ver ti cal planes, re -
spec tively;

– the re ac ti va tion of these faults may be re lated to the con ti -
nen tal lithospheric gen tle buck ling of the Apulian Fore land
occuring due to halt ing of the roll-back of the subducting
litho sphere, which was ac com pa nied by arch ing/up lift of the
Murge area since the Mid dle Pleis to cene.

Ac knowl edge ments. We are grate ful to P. Krzywiec,
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