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Abstract 

The structural and tectonostratigraphical Late Neogene development of the Crotone Basin is presented, a 
foreland basin in the accretionary wedge along the external side of the Calabrian Arc (Central Mediterrane­
an). It demonstrates the role of local tectonic activity of the thrust wedge and that of regional relative sea 
level fluctuations on the formation of unconformity-bound depositional sequences. 

The tectonostratigraphic development of the basin can be divided in 4 stages: 1. a Serravalian - early 
Messinian Stage, characterized by a progressive enlargement of the Basin, 2. a middle Messinian - Early 
Pliocene Stage, characterized by intense and complex fault movements that were overprinted by the 
Messinian salinity crisis, 3. an Upper Pliocene- Early Pleistocene Stage, characterized by a pulsating onlap, 
and 4. a Late Pleistocene - Recent Stage, characterized by strong vertical movements in conjunction with the 
uplift of the Sila basement Massif. At the end of Stage 2 regional compression during the Mid-Pliocene Phase 
inverted the basin and thrust its cover towards the margins. A kinematic model is proposed whereby the 
evolution of the Basin was controlled by oblique sinistral movements along two confining NW-SE trending 
convergent crustal shear zones. Within this concept, the Middle Miocene - Early Pliocene development 
(Stages 1 and 2) reflects a strike-slip cycle. 

The sequence boundaries that belong to the Stages 1 and 3 are of remarkably similar tectonostratigraphic 
significance. They reflect a 'composite tectonic event' comprising an uplift/regression pulse, followed by a 
rapid subsidence/onlap. Each composite tectonic event is here considered to represent one growth pulse in 
the progressive evolution of the accretionary wedge system, while the middle Messinian - Early Pliocene 
phases of basin fill and tectonic inversion (Stage 2), and the Late Pleistocene - Recent uplift phase (Stage 4) 
reflect the increase of regional stress in the Central Mediterranean. 

Introduction 

In the Central Mediterranean region the Calabrian 
Arc lies at the junction of three important orogenic 
systems: the western Mediterranean N. African­
Betic Cordilleras system, the Apennine-Alpine 

system and the eastern Mediterranean Aegean­
Dinaride system (Fig. 1) . Recently, Van Dijk & 
Okkes (in press) proposed a new evolutionary 
model for this area, which addresses aspects of the 
Late Neogene evolution of these three systems. In 
that model, the kinematic evolution of the Central 
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Fig. I. Calabria in it's Central Mediterranean setting after Van Dijk & Okkes (in press) . The inset shows the location of the Crotone 
Basin. 

Mediterranean was characterized by two factors: 
1. the sliding of the Calabrian Element* to the SE 
along a basal mid-crustal detachment zone (due to 
gravitational instabilities created by slab-pull and 
asthenosphere doming in the back-arc region), and 
2. lateral shear of the area by means of strike-slip 
movements along large E-W and NE-SW trending 
trans-Mediterranean shear zones with resulting 
NE-SW directed shortening. The latter movements 
were concentrated in distinct phases (L. Burdiga­
lian, middle Pliocene and middle Pleistocene - Re­
cent) in response to increasing regional stress in­
duced by plate reorganizations. The Central Medi­
terranean appears to be highly interesting for the 
analysis of the interaction between sea level fluctu­
ations, tectogenesis on various scales and forma­
tion of unconformity-bound depositional sequenc-

* A microplate or amalgamated terrane following the terminol­
ogy of Irwin 1972, Coney et al. 1980, Schermer et al. 1984, and 
adapted for the Calabrian Arc by Van Dijk & Okkes 1988, 1990. 

es (see discussions in Vail et al. 1977, Burton et al. 
1987, Haq et al. 1987, Sloss 1988, Cloetingh 1988). 
During the Messinian a drop in sea level and a 
subsequent sudden rise are thought to have been of 
global importance (Benson 1984, Muller 1986) , 
and the large-scale tectonic activity of the area can 
easily be appreciated. This paper discusses these 
factors within a geokinematic and geodynamic 
model and describes some aspects of the Neogene 
evolution of the Crotone Basin, which is situated at 
the northeastern, external side of the Calabrian 
Arc (Figs 1 and 2). 

Previous studies of the Crotone Basin described 
the stratigraphy but gave little information on the 
tectonic setting and development of the Basin ( Og­
niben 1955, Roda 1964, 1965, Burton 1971, Meu­
lenkamp et al. 1986; for historical references see 
Ogniben 1973). Recently, some ideas have been 
expressed concerning the kinematic evolution of 
the Calabrian basins within the frame of regional 
models for the Arc: Ghisetti & Vezzani (1981) re­
garded them as being tensional triangular basins, 
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whereas Moussat (1983) and Boccaletti et al. 
(1984) considered them to be pull-apart basins be­
tween NE-SW trending shear zones. Van Dijk & 
Okkes (in press) proposed a different model in 
which these basins were regarded as oblique (tran­
spressive) piggy-back basins. The present contribu­
tion aims to illustrate this last model. 

Methods 

New data were gathered during a number of field 
campaigns between 1983 and 1989 in the internal 
area of the Crotone Basin. This resulted in 1 : 
25.000 and 1: 10.000 geological maps and stra­
tigraphic schemes supported by biostratigraphic as-

J.P. v. Dijk, 04- 1990 

signments to ca. 100 samples. The results were 
compared with previously published field studies 
(see references above and also Selli 1973, Dubois 
1976, Gueremy 1976, Gurrieri et al. 1982, Cosenti­
ni et al. 1989), seismic sections (Finetti & Morelli 
1972, Finetti 1982, Rossi et al. 1982, Pacchiarotti 
1984, Pieri & Mattavelli 1986), borehole data 
(Bronzini 1959, Roda 1965) and satellite photog­
raphy studies (Biju-Duval et al. 1975). The com­
posite tectonostratigraphic sequences were pro­
cessed to construct geohistory diagrams using in­
formation on biostratigraphy and facies. The soft­
ware is based on procedures described by Horowitz 
(1976) and Van Hinte (1978) and reviewed by 
Guidish et al. (1985) . The backstripping algorithms 
are from Stam et al. (1987). 
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Fig. 2b. Composite cross-section of the Crotone Basin. Fault patterns Al-C4 correspond with the notations of Fig. 3. Note that the 
section can be read in a N-S, as well as in a W-E or NW-SE sense. 

Records: tectonic structure 

The recent configuration of the Crotone Basin can 
be characterized as follows: In plan view (Fig. 2a), 
the remnants of Miocene to recent terrains are 
present in a quadrangular area confined to the west 
by a N-S and to the north by an E-W trending 
normal fault zone (resp. Cropani-Savelli Fault 
Zone and Strongoli Fault Zone). The succession 
comprises three zones, which from inner to outer 
basin can be recognized both in a W-E as well as in 
a N-S direction: A. along the margins (N-S and 
E-W trending fault zones) Middle to Upper Mio­
cene sequences cover the basement and display a 
monoclinal dip towards the centre of the Basin. B. 
The central part of the area (Marchesato) compris­
es Upper Miocene to Lower Pliocene folded and 
thrust terrains . C. the external area (Crotone Pen­
insula) in the SE comprises relatively undisturbed 
Upper Pliocene-Pleistocene sediments. 

A schematic cross-section through the Basin 

(Fig. 2b) shows that the Messinian and Lower Plio­
cene is folded and thrust towards the N-S and E-W 
trending faulted basin margins ('pushed up and 
squeezed out of the basin'), movements which can 
be linked to a middle Pliocene tectonic phase. The 
thrust mass is confined along the external SE-side 
by normal faults with vertical displacements of sev­
eral hundred metres. Along these faults, tectonic 
melanges of Messinian sediments with wedges of 
Lower Pliocene remnants are present. Externally, 
thrusts have been documented in seismic profiles 
(e.g. Pacchiarotti 1984), showing overthrusting of 
Upper Miocene sequences upon Lower Pliocene 
deposits and decollement of Tortonian and Mess­
inian terrains. 

The faults and fault zones present in the area are 
grouped in systems which in turn can be grouped in 
a number of patterns (Fig. 3; for terminology see 
Badgley 1965 and Visser 1980): 1. patterns A and 
B, a conjugate set of NW-SE and NE-SW trending 
oblique shear zones and related faults of the Rie-
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Fig. 3. Fault systems and patterns distinghuished in the Crotone Basin. 

<lei-shear and pull-apart basin type. 2. pattern C, 
tensional faults that are linked to the Late Pleisto­
cene to Recent uplift of the Sila Massif. Pattern C 
partly coincides with fault systems of the older 
patterns A and B. 

The interpretation of the patterns A and B as 
oblique crustal shear zones is based on the Riedel­
shear fault patterns (terminology of Cloos 1928, 
Riedel 1929, Emmons 1969, Tchalenko 1970, Wil­
cox et al. 1973, Sanderson & Marchini 1984, Sylves­
ter 1988), basement structure (Dubois 1976, Gur­
rieri et al. 1982) and seismic profiles (see references 
above) . Two major NW-SE fault zones can be rec­
ognized (Fig. 2a): the Petilia-Sosti Zone in the SW, 
and the Rossano-San Nicola Zone in the NE. 
These NW-SE trending shear zones confine the 

principle tectonostratigraphic suspect terranes of 
which the Calabrian Element is constituted. 

Records: sequence stratigraphy 

The Upper Neogene tectonostratigraphy was re­
constructed by mapping the internal parts of the 
Basin and by sampling key sections for biostra­
tigraphic assignments. A general scheme has been 
constructed (Fig. 4), in which information from 
outside the studied area has been included (Catan­
zaro Area to the SW, Rossano-Caria ti Area to the 
NE ). 

The tectonostratigraphy can be divided into a 
number of sequences that are bounded by uncon-
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PLIO - PLEISTOCENE SEQUENCES 

Sequences: Groups: C hronostratigraphy: 
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Fig. 5. Sequence models for the Miocene and Pliocene of the Crotone Basin. 

formities . The unconformities which separate the 
Serravallian/Tortonian and Pliocene/Pleistocene 
sequences seem to record a standard tectonic signal 
(Fig. 5): the base of each sequence can be interpret­
ed to reflect a small chain of tectonic events which 
we choose to collectively call a 'composite tectonic 
event', comprising 1. a phase of uplift and erosion 
of the basin margin, accompanied by the outgrowth 
of a submarine fan, and 2. a rapid subsidence and 
back stepping of the basin margin producing a re­
gional onlap. 

In order to be able to detect which sequence 
boundaries are accompanied by tectonic pulses, we 
set up a series of criteria which we used for this 
purpose (Fig. 6; see also Krumbein 1942, Shanmu­
gam 1988 and Embry 1989 for this type of ap­
proach) . Combining these criteria enabled us 
to establish the reliability with which sequence 

boundaries can be linked to tectonic pulses or to 
relative sea level fluctuations. The latter may still 
be due to tectonic activity, but then on a larger 
scale than the studied basin, or to glacio-eustatic 
activity. 

The evolution of the Basin can be divided into 
four stages (Fig. 4), which are separated by main 
tectonic phases: 
1. a Serravallian - early Messinian Basin Opening 

Stage, 
2. a middle Messinian - Early Pliocene Stage (2a) 

with high tectonic instability that is overprinted 
by the Messinian salinity crisis and ends with a 
middle Pliocene basin inversion Phase (2b), 

3. a Late Pliocene - Early Pleistocene Basin Open­
ing Stage, and 

4. a Late Pleistocene - Recent Uplift Stage. 
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Fig. 6. Scheme of criteria used in the relativistic analyses of tectonics and sea level fluctuations. The asterisks indicate criteria that have 
been used to establish which signal is represented by the sequence boundary. 

Pathways: kinematic basin evolution 

We propose the following kinematic model for the 
evolution of the Crotone Basin (Fig. 7): The Basin 
is situated at the intersection of the NW-SE trend­
ing 'thrust system A' (which is dominant in the area 
north of the Crotone Basin) and the NE-SW trend­
ing 'thrust system B' (which is dominant in the area 
to the southwest of the Crotone Basin). It is locked 
between two major NW-SE trending sinistral 
oblique crustal shear zones, which belong to the 
oblique thrust system A. The Middle Miocene to 
middle Pliocene development is characterized by a 
shearing of the area whereby an evolution from 
initial small strike-slip basins to a large pull-apart 
basin finally results in an inversion of the whole 
area in the middle Pliocene. 

Analysis of in situ measurements on small scale 
deformation phenomena, previously presented for 

the Calabrian area by Tortorici (1981), Ghisetti & 
Vezzani (1981) and Moussat (1983), all show a 
similar pattern of overall tension interrupted by 
two short periods of compressional deformation in 
the middle Pliocene and middle Pleistocene. The 
vectors of maximum shortening for both these peri­
ods were placed in the NE-SW quadrant. Although 
those data were almost exclusively gathered out­
side the Crotone Basin, and are based on less de­
tailed stratigraphic schemes, they can be used in 
combination with our tectonostratigraphic frame­
work. 

The two geohistory diagrams which we pro­
cessed (Figs Sa and b), illustrate the vertical move­
ments in respectively basin margin and basinal set­
tings. The diagrams show a continuous subsidence 
from Serravallian to Early Pleistocene, interrupted 
by short phases of high tectonic activity. The char­
acteristic pattern of accellerating subsidence as 
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Fig. 7. Kinematic model for the Late Neogene evolution of the Crotone Basin. 

shown by the diagram for the basinal setting occurs 
frequently but not exclusively in foreland basins 
(compare with diagrams of Allen et al. 1986, Ar­
magnac et al. 1988, Pieri & Mattavelli 1986). The 
difference in magnitude of vertical movements be­
tween the two settings is quite noticeable and sup­
ports the idea that tectonic mechanisms control the 
system (cf. a suggestion by Embry, 1989 for exten­
sional basins) . 

Using the kinematic model as descriptive con­
cept, the first two of the Stages in basin devel­
opment as mentioned above can now be linked to 
the Strike Slip Cycle of Mitchell & Reading (1978) 
and the basin evolution can be characterized as 
follows: 

1. the Serravallian - early Messinian basin opening 
stage 

In this period, the area started to subside intermit­
tently as a response to lateral movements along the 
bordering NW-SE trending shear zones. Thus a 
large sedimentation area was finally formed , limit­
ed by the N-S trending Cropani-Savelli Fault zone, 
which can be regarded as the 'pull-apart margin' . 
Local sedimentation patterns were determined by 
N090 trending tensional faults and N120 trending 
R-shears along this margin . This can be seen as the 
opening stage of the pull-apart basin. 
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Fig. Ba. Geohistory diagram of the Crotone Basin. Stages 1, 2, 3 and 4 (see text) have been marked. 

2a. the middle Messinian - early Pliocene basin fill 
stage 

For this period the subsidence curve (Fig. 8a) 
shows a dramatic accelleration. During the tectonic 
phase in the middle Messinian faulting along P­
shears and tensional E-W faults in the Petilia-Sosti 
Shear Zone (basin margin during this period) was 
very intense. Furthermore, the complex upper 
Messinian tectonostratigraphic patterns probably 
also reflect the high tectonic activity along the bor­
dering shear zones. Basin subsidence may partly be 
due to loading of overlying thick sedimentary se­
quences (Fig. 8) but after (maximum) correction 
for that effect a still considerable amount of subsid­
ence remains. We propose to link the subsidence 
and tectonic activity to folding of the basin floor 
due to the thrusting along the NW-SE trending 
crustal shear zones in response to a NE-directed 

component of regional stress. The regional relative 
sea level fluctuations of the Messinian salinity cri­
sis, although bounded by tectonic phases, seem to 
overprint this tectonic evolution. 

2b. the middle Pliocene tectonic phase 

During this phase, a large-scale tectonic inversion 
of the basin occurred. The sedimentary cover was 
folded and thrust against its margins, probably as a 
result of on-going transpressional shear of the area 
between the large shear zones. The information 
based on the on-shore geology alone supplies no 
evidence for a regional character of the compres­
sive phase. The amount of shortening in the seismic 
profiles (e.g. Rossi et al. 1982), the regional charac­
ter of the inversion phenomena and the occurrence 
of small scale deformation features (see references 
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Fig. 8b. Geohistory diagram of the Petilia-Policastro - Mesoraca area, along the SW-margin of the Crotone Basin. Stages 1, 2, 3 and 4 
(see text) have been marked. Note the difference in scale between the two diagrams. The legend is based on Shell (1976) . 

above), however, strongly support the interpreta­
tion of a regional middle Pliocene compressive 
phase linked to NE-SW shortening, roughly per­
pendicular to the NW-SE trending oblique sinistral 
shear zones. The mid-Pliocene compressive phase 
has also been reconstructed from structural analys­
es elsewhere in the Calabrian Arc and in the south­
ern Apennines. For a discussion and review, we 
refer to Auroux et al. (1985) and Bousquet & Philip 
(1986). 

3. the late Pliocene to early Pleistocene basin 
opening stage 

During this period, repetitive rapid shock-wise 
subsidence and onlap occurred which, although 

more gradually, strongly resembles the Miocene 
evolution (Fig. 5). 

4. the late Pleistocene - recent uplift stage 

During this last stage, the whole area was rapidly 
uplifted. The fault systems of pattern C developed 
in response to rapid uplift of the Sila Massif. This 
Stage was also associated with a regional mid-Pleis­
tocene compressive Phase (see references above). 

Discussion 

The development of the Crotone Basin can be de­
scribed in the following way: 

Stages 1 and 3 can be linked to southeastward 
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MODEL 1: Thrust wedge morphology evolution 
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Fig. 9. Two possible models which can be used to explain the principle differences between Miocene and Pliocene development of 
depositional systems in the Crotone Basin. 

pulsating gravitational sliding of the Calabrian Ele­
ment and accompanied growth of the frontal accre­
tionary wedge. The composite tectonic events 
which control the sequence stratigraphy develop­
ment during these Stages (Fig. 5) can be linked to 
phases of stagnation in Element migration. We 
believe that each of these events reflects a sudden 
compressive growth of the accretionary wedge fol­
lowed by tensional accommodation through resta­
bilization of its taper as was mathematically model­
led in a series of papers by Davis et al. (1983), 
Dahlen et al. (1984) and Dahlen (1990). 

This evolution is overprinted by phases of in­
creasing regional compressive stress, of which the 
middle Messinian - middle Pliocene and the middle 
Pleistocene - Recent phases are examples. These 
phases account for the NE-SW compression and 
inversion of the foreland basins. Furthermore 

these phases are accompanied by periods of exces­
sive vertical fault movements such as in the Late 
Pleistocene - Recent, which overprinted all previ­
ous formed structures. These taphrogenetic move­
ments were induced by the detachment of sub­
ducted lithosphere remnants and subsequent rapid 
regional isostatic adjustments (see for discussion 
Van Dijk & Okkes, in press). Externally along the 
Arc, thrusting activity can be observed in seismic 
profile MS-25 (Finetti & Morelli 1972) which can 
be regarded as gravitational spreading (Ogniben 
1973) linked to an extensional collapse of the accre­
tionary wedge in response to the rapid uplift of the 
Arc. 

The fundamental difference between the Mio­
cene and Pliocene basin morphology can be ex­
plained in one or the other of two ways (Fig. 9). 
The first model accepts the dominant role of the 



tectonic thrust wedge morphology evolution. Dur­
ing the Miocene, the basin was situated on a normal 
growing accretionary wedge. In the Pliocene and 
Pleistocene, the basin was situated on a large crus­
tal slab with a back-stepping tensional margin, 
which slid to the SE to restabilize the externally 
growing accretionary wedge (Van Bemmelen 1976, 
Platt 1986). The second model assigns a dominant 
role to erosion/deposition and relative sea level 
fluctuation in the shaping of the basin morphology. 
In that case, the tectonic thrust wedge morphology 
did not necessarily change fundamentally in the 
latest Miocene. 

The association of regional sea level fluctuations 
with local tectonic signals (early Messinian relative 
lowering, sudden rise at the Miocene/Pliocene 
boundary) suggests that these phenomena may 
both be controlled by regional tectonic mecha­
nisms. Likewise, regional tectonic activity may 
have controlled the growth pulses of the accretion­
ary wedge by temporarily blocking the subduction 
process and/or by triggering wedge restabilization. 
This provides an explanation for the synchronous 
sequence boundaries in various Mediterranean sys­
tems (see also suggestions by Meulenkamp & Hil­
gen 1986, Cloetingh 1988), despite differences in 
tectonic setting. 

Conclusions 

The evolution of the Crotone Basin can be divided 
in four stages: 1. a Serravallian - early Messinian 
Tension Stage, 2. a middle Messinian - Early Plio­
cene Basin Fill Stage, which ended with a middle 
Pliocene Compression Phase with basin inversion, 
3. a Late Pliocene - Early Pleistocene Tension 
Stage and 4. a Late Pleistocene - Recent uplift 
Stage with uplift of the Sila Massif and intense 
tensional faulting. The Late Miocene - Early Plio­
cene evolution reflects the Strike-Slip Cycle of 
Mitchell & Reading (1978). 

The development of depositional sequences was 
controlled by the local tectonic activity of the accre­
tionary wedge system, overprinted by the increase 
in regional stress in the middle Messinian - middle 
Pliocene and in the middle Pleistocene - Recent 
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Phases. Both local tectonic activity and regional 
relative sea level fluctuations are probably con­
trolled by regional tectonic mechanisms. 
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