
ABSTRACT

This work integrates new detailed geomorphic analyses of the
Petrace and Catona fluvial network (southern Calabria) with structural
geology data in order to characterize the activity of the fault systems
intercepting the fluvial basins and to constrain the seismotectonic
setting of the study area. Several strong earthquakes (Maw 6.0-7.1)
occurred in the last millennium in the area, which is considered
among the most seismically active zones in Italy. However, the lack
of instrumental data for strong historical earthquakes and the poor
exposure of faulted Quaternary sediments, do not allow the easy
identification of active, seismogenic faults.

We mapped known faults and new minor structures, transversal
and parallel to the master faults, through aerial-photo interpretation
and DEM analysis. The transversal structures are minor faults and
connecting faults accommodating movement between the master
faults that slipped generating strong destructive historical earth-
quakes. The geomorphological analysis highlights markers of recent
tectonic activity associated to the mapped faults. Hierarchical para-
meters and geomorphic indexes of the Petrace and Catona Rivers
show drainage anomalies due to active tectonics and reveal the activity
of the faults intercepting them. This work shows that, in southern
Calabria, besides the known master faults associated with some
catastrophic historical earthquakes, minor faults are active and
could be sources of low magnitude seismic release.

Finally, the geomorphic and geomorphological analyses allow
reconstructing the evolution of the Petrace and Catona rivers and
fault activity and dating to Late Pleistocene the present day Messina
Strait graben configuration.

KEY WORDS: geomorphic indexes, active faults, basin evo-
lution, southern Calabria.

INTRODUCTION

Among all geomorphological elements, rivers and asso-
ciated basins are the most sensitive to landform changes.
In fact, they are able to record recent tectonic activity by
losing their equilibrium and hierarchical organization,
when perturbed by landscape changes. Then, rivers tend to
quickly restore the equilibrium by producing anomalous
segments and by creating typical features, such as fluvial
capture, deflections, abandoned channels and so forth.

Drainage networks and associated basins can be ana-
lyzed by both geomorphological and morphometric studies.
Geomorphological analysis allows the qualitative observa-
tion of elements that may be markers of active tectonics,
such as tilted terraces, shutter ridge, triangular facets,
deflected or offset streams and fluvial capture. Morpho-

metric analysis of rivers consists in the numerical calcula-
tion of hierarchical parameters (STRAHLER, 1957) and
geomorphic indexes (KELLER, 1986; COX, 1994), which
enable quantifying the degree of geomorphological evolu-
tion of an area. They can be a basic reconnaissance tool
to determine the influence of faults on the hydrographic
network and to identify areas affected by a rapid tectonic
deformation (VERRIOS et alii, 2004). Such analysis has
been widely applied to various scenarios of active tectonics
throughout the world. The efficacy of this kind of study is
testified by several Authors, who performed studies in
regions affected by either normal faulting or strike-slip
faults or thrust systems and associated folds (SIBSON,
1986; SYLVESTER, 1988; RAMSEY et alii, 2008; PEDRERA et
alii, 2009). Moreover, a vast bibliography is available for
contexts of incipient faulting, producing variations in the
topography (OLLIER, 1981; WALKER & JACKSON, 2002;
GUARNIERI & PIRROTTA, 2008; PEDRERA et alii, 2009).

The Messina Strait and south-western Calabria corre-
spond to an extensional belt developed during Pliocene-
Quaternary (e.g. GHISETTI, 1981, 1992; MONACO & TOR-
TORICI, 2000) and controlled by NE- striking normal
faults (fig. 1); among these, the most important are the
Reggio Fault (RF), the Scilla Fault (SF), the Santa Eufemia-
Calanna Fault System (SECFS) and the Cittanova-Delia -
nuova-Armo Fault System (CDAFS). Several studies show
tectonic, stratigraphic and geomorphologic evidences of
the activity of some of these faults. For example, GHISETTI
(1992) reports the fault parameters (size, timing, kine-
matics, throw, slip rate) for 67 structures around the
Messina Straits. Furthermore, GALLI & BOSI (2002) ana-
lyze a trench along the Cittanova Fault showing faulted
recent deposit.

According to several workers (JACQUES et alii, 2001;
GALLI & BOSI, 2002; ALOISI et alii, 2013), some of the
above mentioned faults are the seismogenic sources of
the disastrous earthquakes and long seismic sequences
historically occurred (February-March 1783, 1894 and
1908 earthquakes) in southern Calabria. Such earthquakes
caused thousands of fatalities and geomorphological
crises that changed the Aspromonte and Serre Mts. land-
scape (fig. 1). On the other hand, there is a general
disagreement on the location of the sources of historical
earthquakes. For example, the source of the 1908 Messina
earthquake is still an open issue. The most common view,
based on geological data, is that the source corresponds
to a NW-dipping high-angle fault at the Calabrian side of
the Messina Strait (e.g. TORTORICI et alii, 1995; ALOISI
et alii, 2013). Nevertheless, based on seismological
observations, PINO et alii (2000) associate this event to a
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NNE- striking fault at the Sicilian side of the Messina Strait,
while BONINI et alii (2011) believe that the SE-dipping
low-angle large blind fault is compatible with instrumen-
tal reconstructions of the earthquake, according to the
reported lack of sizeable surface ruptures.

The observation and study of the active tectonic
imprint on the landscape can help to understand the state
of activity of faults in a given area. GUARNIERI & PIR-
ROTTA (2008) evaluated the active tectonic landscape
imprint on the Sicilian side of the Messina Straits
through the morphometric analysis of four rivers and
reconstructed the recent evolution of an area dominated
by extensional tectonics. Accordingly, we performed geo-
morphological and morphometric analyses of two rivers
(Petrace and Catona), at the Calabrian side of the Messina
Strait, that are crossed by potentially seismogenic normal
faults, with the aim of evaluating the recent activity of the
southern Calabria faults and improving the knowledge of
the seismotectonic setting of the region.

GEOLOGICAL SETTING

The Calabria terrain is a part of the original Alboran-
Kabylian-Peloritan-Calabrian (AlKaPeCa) microplate that
corresponds to a pre-30 Ma accretionary prism formed by

internal basement units (BOULLIN et alii, 1986). This
microplate was dispersed and stretched over the western
Mediterranean due to the Africa-Europe collision, with
the structuring of the Calabria nappe stack named Cala -
brian Peloritani Orogen. The rollback of the Calabria
subduction front caused the extrusion of the Calabria
microplate towards the oceanic crust of the Ionian Basin
with the formation of the Calabrian Arc, the arc-shaped
portion of the central Mediterranean orogen (BEN AVRAHAM
et alii, 1990). The rollback of the Calabria subduction
zone also caused the extension in the orogenic hinterland
and the opening of the Tyrrhenian Sea (MALINVERNO &
RYAN, 1986; PATACCA et alii, 1990; GVIRTZMAN & NUR,
1999; ROSENBAUM & LISTER, 2004; NERI et alii, 2012).

The Calabrian Arc is formed by pre-Mesozoic crystalline
basement nappes overlying Jurassic to Lower Miocene
ophiolitic nappes; both these units were emplaced upon
Mesozoic-early Miocene carbonate units derived from the
inner part of the Apulia margin (e.g. AMODIO-MORELLI et
alii, 1976). The difficult correlation between the tectono-
stratigraphic units of the northern Calabria and those of
the southern Calabria and of the Peloritani Mountains,
leads to interpret the Calabrian Peloritani Orogen as the
result of the juxtaposition of two sectors (or sub-terrains),
with different late Cretaceous-Oligocene tectono-strati-
graphic and metamorphic evolution (BONARDI et alii,
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Fig. 1 - Faults associated with the most disastrous earthquakes in southern Calabria and north-eastern Sicily: MF = Mesima Fault; NF = Nicotera
Fault; CDAFS = Cittanova-Delianuova-Armo Fault System (GHISETTI, 1992; JACQUES et alii, 2001; GALLI & BOSI, 2002; ALOISI et alii, 2013);
SF = Scilla Fault (JACQUES et alii, 2001; FERRANTI et alii, 2007); SECFS = Santa Eufemia-Calanna Fault System; MSF = east dipping Messina
Strait Fault (PINO et alii, 2000); RF = Reggio Fault (TORTORICI et alii, 1995). Epicenters (circles) from the CPT11 catalogue (ROVIDA et alii,
2011). Rectangle shows location of fig. 2. Inset shows location and the Africa-Eurasia plate configuration.



2001): the northern sub-terrain including the Sila Moun-
tains and the southern sub-terrain formed by Serre,
Aspromonte and Peloritani Mountains (fig. 1). Since middle
Miocene, the Calabrian Arc has been affected by exten-
sional tectonics that produced Neogene sedimentary
basin. The Messina Strait, located in the southern part of
the Calabrian Arc, was part of the forearc-type sedimen-
tary basins, formed behind the Calabrian Arc accre-
tionary wedge (GUARNIERI et alii, 2002) and characterized
by a sedimentary succession dated from Middle Miocene
to Quaternary (GHISETTI, 1981).

The present-day WNW-ESE-trending crustal exten-
sion is documented by focal mechanisms of earthquakes
(CMT and RCMT Catalogues; NERI et alii, 2004), geodetic
deformation velocities (MATTIA et alii, 2009; D’AGOSTINO
et alii, 2011) and structural studies (TORTORICI et alii,
1995; JACQUES et alii, 2001; FERRANTI et alii, 2007, 2008).
Since the Middle Pleistocene, extensional tectonics has
been coupled with intense regional uplift causing the for-
mation of ten orders of Pleistocene marine terraces step-
ping up to about 1000 m above the sea level (GIGNOUX,
1913; DUMAS et alii, 1980; WESTAWAY, 1993).

An active swarm of normal faults runs along the
Cala brian Arc giving rise to the fragmentation of the
western side of the Aspromonte Mountains into struc-
tural highs and shallow marine sedimentary basins,

including the Gioia Basin (GHISETTI & VEZZANI, 1982;
MONACO & TORTORICI, 2000). The Gioia Basin is bor-
dered northward by the WNW-ESE Nicotera Fault (fig. 1)
and eastward by the NE-SW Cittanova Fault (CF in fig. 2).
The latter fault runs for about 30 km from Cittanova to
south of Santa Cristina and is characterized by a 700 m
high escarpment and N140°E±10° extension direction
(TAPPONNIER et alii, 1987; TORTORICI et alii, 1995;
JACQUES et alii, 2001). The Gioia Basin (fig. 2) is filled
with about 600 m of Plio-Pleistocene marine sediments,
including sands, calcarenites and clays, showing evi-
dence of synsedimentary tectonic activity along the edge
of the Aspromonte Mountains.

To the south of the Cittanova Fault, the Delianuova
Fault (DEF in fig. 2) and the Armo Fault (fig. 1) extend
with NE-SW direction and length of about 17 km.

The Gioia Basin features an intra-basinal high (Palmi
High) and is bordered on the Tyrrhenian side by the NE-SW
striking, northwest dipping Scilla Fault (SF in fig. 2), run-
ning for about 25 km in the Tyrrhenian offshore and
cropping out onshore southwards, close to the Scilla village
(FERRANTI et alii, 2007, 2008). The Piani d’Aspromonte
High, made up of the crystalline rocks of the Aspromonte
Peloritani Unit (granitoids, paragneiss, orthogneiss and
mylonitic leucogneiss), is controlled, on the north-western
side, by the NE-SW striking Santa Eufemia, Solano and
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Fig. 2 - Geological map of southwestern Calabrian Arc and Catona and Petrace rivers. Terrains are classified on the basis of their susceptibility
to erosion: A, B and C classes refer to terrains with high, medium and low resistance to erosion. Faults from GHISETTI (1992); ATZORI et alii
(1983) and JACQUES et alii (2001). CAPF = Cappuccini Fault; CAF = Calanna Fault; SF = Scilla Fault; SOF = Solano Fault; SEF = Santa Eufemia
Fault; PF = Palmi Fault; CF = Cittanova Fault; DEF = Delianuova Fault; GAF = Gambarie Fault; WAF = Western Aspromonte Fault.



Calanna Faults (SEF, SOF and CAF in fig. 2) and is covered
by Early Pleistocene marine deposits. A 300 m high scarp
and a left-lateral component of slip (TORTORICI et alii,
1995) characterize the Santa Eufemia Fault. To the west
of the Piani d’Aspromonte High, the Villa Basin is filled
with Pleistocene sedimentary units (fig. 2) and is affected
by faults displaying several trends: NE-SW, WNW-ESE
and NNW-SSE; the most prominent of these structures is
the south-dipping Cappuccini Fault (CAPF in fig. 2) (GHI -
SETTI, 1984, 1992).

In the eastern sector of the study area, at the Mt. Mon-
talto (2000 m a.s.l.), representing the culmination of the
Aspromonte Mountains, NE-SW extensional faults
(Gambarie Fault, GAF, and Western Aspromonte Fault,
WAF, in fig. 2) and other minor transversal faults are
observed (HEYMES et alii, 2008). Several orders of
marine terraces, representing high-stands of the eustatic
curve occurred from Early Pleistocene (MYAUCHI et alii,
1994), testify the greater uplift of the Calabrian side of
the Messina Straits with respect to the Sicilian side.
Regional uplift is accommodated by the previously
described normal faults, whose activity would have con-
tributed to the entire deformation release in the area
(GHISETTI, 1992).

METHODS

The Petrace and Catona river drainage networks were
digitized and reconstructed into a GIS (Geographic Infor-
mation System) to analyze their geometry and extract
numerical parameters for the morphometric study (areas
and length of the geometrical elements). Then, we repro-
duced the DEM of the study area starting from the digital
topographic maps (CTR, Carta Tecnica Regionale; scale
1:10.000) on ArcInfo platform. The DEM was elaborated
by using GIS tools to reproduce the shaded relief of the
study area.

In order to study geomorphological and structural
elements, we also performed a detailed photo-interpreta-
tion, analysing 1:33,000 scale aerial photographs and
1:10,000 scale topographic maps of the Italian Istituto
Geografico Militare (IGM). Geomorphological observa-
tions were focused on the drainage network geometry
and on the detection of stream anomalies as geomor-
phological markers of active tectonics. Among the
stream anomalies, fluvial capture and entrenched mean-
der segments are considered the most indicative of local
uplift and slope increase. Indeed, local uplift causing
upwarping and higher slope alter the river course from
straight to meandering (BERBERIAN et alii, 1992).
Aligned tracts and deflected branches are mainly indica-
tive of local tectonic activity and strike-slip movement
along faults. Geomorphological elements were verified
by DEM analysis.

Since morphometric parameters are influenced by
lithology of terrains, a lithological map, where terrains
are classified by their susceptibility to erosion, was
performed (fig. 2). The A class includes the crystalline
terrains of the metamorphic massif, namely the most resis-
tant lithology. The B class comprises the Tortonian,
Pliocene and Early Pleistocene age terrains, made up of
conglomerates, sandstones, sands and clays with mid/low
resistance to the erosion. The C class includes clays,
sands and poorly cemented conglomerates of Pleistocene

age and Holocene alluvial deposits, that have a low resis-
tance and are easily eroded.

Furthermore, since fluvial evolution is influenced by
palaeo sea level stands, a map of coastal Quaternary
terraces (fig. 3) was reconstructed modifying, through the
new geomorphological analysis, that of MYAUCHI et alii
(1994). We have better redrawn the known terraces and
mapped the new terraces of order VII, VIII and IX laterally
to the main drainage of the Catona River. In addition, we
observed that, in the northern sector of the Catona River
basin, the terrace mapped by MYAUCHI et alii (1994) as
TV and associated to the isotopic stage 7, is actually the
continuation of the older terrace TIV discussed by the
same Authors (fig. 3).

The fluvial network hierarchy was analyzed according
to STRAHLER (1957) ordering (fig. 3). We proceeded to
calculate hierarchical parameters (tab. 1), describing the
organization and maturity of the drainage network and
geomorphic indexes (tab. 2) that characterize the basin
from the geometric point of view; both parameters are able
to highlight anomalies due to active tectonics (e.g. HARE
& GARDNER, 1985; COX, 1994; PINTER, 2005; MOLIN et
alii, 2004).

Since the geomorphic indexes are influenced by
lithology, local climate and human causes (HACK, 1973),
the geological setting of the area was considered during
this analysis and the parameters were carefully related to
rock units cropping out in the analyzed basins (fig. 2).

A longitudinal profile analysis was also performed.
It is based on a distance vs. elevation plot along the
trunk channel in a Cartesian graph, showing distance
on the x-axes and elevation on the y-axes. The profile of
a mature undisturbed stream has a smooth concave-up
shape. Stream reaches steeper than adjoining ones are
caused by perturbations. These convex tracts are
defined knickpoints or knickzones based on their linear
extension. Knickpoints or knickzones are generally 
recognized by comparing fluvial streamline profiles
with their linear trend best fit. Knickzones and knick-
points can be the “equilibrium” response to geomor -
phological processes (e.g. HACK, 1973; RICHARDS, 1982;
KNIGHTON, 1998; BURBANK & ANDERSON, 2001;
SCHUMM, 2005), such as base level lowering, differen-
tial erosion due to change of litholo gy, excess of sedi-
ment inputs from hill slopes coupled with insufficient
transport and man-made obstructions or channeliza-
tion. In presence of tectonism, knickpoints and knick-
zones can form through differential folding or faulting
of a river reach. Dip slip faults cause rejuvenation of
specific sectors and local uplift and change in relief
slope, observable as convexity (knickpoints and knick
zones) in the profile (BISHOP et alii, 2005). Normal
faulting causes a step (knickpoint) developing in the
longitudinal profile of the river due to the hanging-wall
downthrowing. Thus, anomalies of the river profile can
help pinpoint slope changes due to tectonics and can be
indicative of the local activity of faults (PHILLIPS &
LUTZ, 2008).

The erosion of the streambed naturally grows as
stream power increases across the steepened knickpoint
due to the greater slope. This erosion causes the knick-
point to migrate upstream. If a knickpoint, formed by a
dip slip fault, is placed close to the fault trace, it therefore
means that this fault has recently slipped and erosion has
had insufficient time to shift the knickpoint.
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RESULTS

FAULTS

Starting from previous geological surveys (GHISETTI,
1981, 1992; ATZORI et alii, 1983; COTECCHIA et alii, 1986),
we mapped faults in detail by photo-interpretation analy-
sis, at 1:33,000 scale. According to our study, which
improved the knowledge of the tectonic setting of the
region, the Cittanova Fault is about 31 km long and strikes
curvilinear from NNE-SSW to NE-SW (fig. 4). The Delia -
nuova Fault reaches about 16 km in length and displays
two parts striking NE-SW and ENE-WSW. These faults
can represent individual segments of a unique, roughly
47 km long fault line, stepping southwest of Santa
Cristina. Similarly, the Santa Eufemia Fault is 13 km long,
and steps for about 1.5 km with the Calanna Fault (10 km
long) as segments of a unique, almost 23 km long, NE-SW
striking structure. We also mapped the Gambarie Fault,
re-estimating its length in about 8 km. The Montalto Fault
was traced for about 7 km and corresponds to a NE-SW
directed, NW dipping, steep scarp. Eastward, some minor
NE-SW and NNW-SSE normal faults were mapped,
although their morphological evidence is overprinted on
thrusts and folds linked to the orogenic phase.

The southern tract of the Cittanova Fault along with
the Delianuova Fault and the Santa Eufemia Fault are

almost parallel, partially overlapping, master faults. In
the sector where they have overlapped a relay ramp
accommodates transfer of displacement and results bro-
ken by minor NNW-SSE, NNE-SSW and NE-SW con -
necting faults. Such structures typically form in context
of extensional tectonics (LARSEN, 1988; PEACOCK &
SANDERSON, 1994).

These faults are likely to have determined the devel-
opment of the Piani d’Aspromonte High and the by-pass
towards the Gioia Basin. The easternmost faults bound
the terraces from TI up to TIII (Early Pleistocene), while
the westernmost faults cross them.

Similar structures occur between the southern tract
of the Cittanova Fault and Western Aspromonte Fault
(see ATZORI et alii, 1983). We also observed other minor
accommodating faults, transversal to the master faults,
between the Santa Eufemia and the Scilla Faults.

GEOMORPHOLOGICAL ANALYSES OF THE PETRACE AND

CATONA RIVER BASINS

Limited length and elevated slope, deep valleys and
torrential regime characterize the Petrace and the Catona
Rivers. These kinds of watercourses, typically flowing
in north-eastern Sicily and Calabria, and are named
“fiumara”.
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Fig. 3 - Map of terraces redrawn through a geomorphological analysis (modified from MYAUCHI et alii, 1994); Catona River and Petrace River
drainages divided into hierarchical orders according to STRAHLER (1957) ordering.
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Parameters Description Abbreviation Assumed values Reference 
Strahler 
order 

Indicates the phase of maturity of the 
hydrographic network 

Fluvial drainage is subdivided in several segments from 
one flow junction to the next. An order, indicated by a 
roman number, is associated to each segment of the 
hydrographic network. The headwater tributaries have the 
first (I) order. When two segments of the same order meet, 
the successive fluvial segment assumes a higher order than 
the previous. Thus, two I order channels produce a II order 
segment, two II orders lead to a III order, and so on  

Hierarchical number is the highest 
order of the stream network 
 

HORTON 
1945; 
STRAHLER. 
1952 

Bifurcation 
ratio 

Describing the degree of branching of the 
hydrographic network and highlighting 
possible hierarchical anomalies  
 
 

Rb(u ! u+1) = Nu/Nu+1 
where Nu is the number of fluvial segments of a given 
order; Nu+1 is the number of fluvial segments of the 
immediately higher order 

This considers how many segments 
of a given order there are with 
respect to the higher order 
 

HORTON, 
1945; 
STRAHLER, 
1952; 
AVENA et 
alii, 1967 
 
 

Direct 
bifurcation 
ratio 

Rbd = Ndu/Nu+1  
where Ndu represents the number of fluvial segments of a 
given order that flow in segments of the next, higher order; 
Nu+1 is the number of segments of the next higher order 

This considers how many segments 
of a given order flow into the higher 
order 
 

Bifurcation 
index (R)  
 

R = Rb - Rbd 
Rb encompasses all the segments of a given order, also 
including the anomalous segments, while Rbd only takes 
account of the non-anomalous segments 

For a well organized basin (Rb! 
Rbd) R must approach zero; on the 
contrary high values of R indicate 
that the fluvial network does not 
have a good hierarchical 
organization  

Anomaly 
parameter 

Indicating fluvial anomalies An = Nu_2/Nu  
where Nu_2 is the number of river segments of a given 
order u flowing into a segment of order u+2; Nu is the 
number of river segments of order u. 

It is calculated for each u order  

Hierarchical 
anomaly 
number 

Indicating fluvial anomalies Ha 
the minimum number of first-order segments occurring to 
discard hierarchical anomaly 

High values indicate significant 
hierarchical anomalies 

AVENA  et 
alii, 1967 

Hierarchical 
anomaly 
index 

Enabling to better quantify drainage 
anomalies 

"a = Ha / N1 
where Ha is the number of the hierarchical anomaly and N1 
is the number of first-order segments of the network 

Values approaching 0 indicate a 
good hierarchical organization of 
the basin, while values approaching 
1 show a low degree of hierarchical 
organization 

 

First order 
flow density 

First order segments form to adjust change of 
landform, land slope and elevation (due to 
tilting, uplift or subsidence, and also to 
horizontal movements). For instance, areas 
subjected to fast uplift are characterized by 
high density of I order segments 

D1 = N1/ A 
where N1 is the number of first order segments flowing in 
the specific area A  
 

High D1 values indicate areas 
subject to tectonic movements, 
especially uplift associable to dip 
slip movements 

 

 
    

 

        
       

TABLE 1

Hierarchical parameters.

 
 

 
  

Geomorphic 
indexes  

Description Abbreviation Assumed values Reference 

Asymmetry 
factor 

This enables evaluating the asymmetry of 
the basin that may be due to broad lateral 
tilting or uplift and subsidence of discrete 
blocks 
 

AF= 100(Ar/At) 
where Ar is the area of the basin on the 
hydrographic right with respect to the main 
stream segment; At is the area of the entire 
drainage basin 

AF value greater than 50 indicates 
shifting towards hydrographic left,  
whereas a value less than 50 indicates 
rightwards shifting  

HARE & 
GARDNER, 1985;  
COX, 1994; 
PINTER, 2005;  
MOLIN et alii, 
2004 

Transverse 
Topographic 
Symmetry 
factor 

T= Da/Dd 
where Da is the distance from the trunk stream 
to the basin midline; Dd is the distance from 
the basin watershed to the basin midline 

The basin must be divided into constant 
intervals. Stability is indicated by low T 
values (Da approaches zero); on the 
contrary T values approaching 1 indicate 
basin asymmetry and thus tilting  

COX, 1994 

Basin 
elongation 
Ratio (Re) 

Describing the planimetric shape of the 
basin and its phase of maturity; assuming 
that a mature basin, draining on a stable 
area, has a shape similar to a circle, whereas 
a basin draining on an area subject to fast 
uplift shows an elongated narrow shape  

The shape is quantified as: 
Re = (2!A/!")/Lb 
where A is the  basin area, Lb the length of the 
basin parallel to principal drainage line  

The basin area is considered as a circle 
and its hypothetical diameter is 
compared to the basin length. High 
values indicate a shape similar to a 
circle; on the contrary low values 
indicate elongated basins whose shape 
can be due to tectonic control 

BULL & 
MACFADDEN, 
1977;  
MOLIN  et alii, 
2004 

Hypsometric 
integral 

Quantifies the areal distribution of the 
elevation of the relief in the basin, 
describing the stage of the drainage basin or 
part of it, if youthful, mature or old. This 
parameter highlights possible local or more 
widely areal rejuvenation, due to regional 
uplift or fault dip movement 
 

Hypsometric integral is measured in interval of 
elevation. The relative area (a/A ratio, with a 
the area of the basin above a given elevation h 
and A total area) and the relative elevation 
(h/H ratio, with H maximum basin elevation 
and h topographic elevation), are represented 
in the Cartesian graph 

The curve shape indicates the evolution 
stage of the basin: an upward convex 
curve indicates a juvenile stage, a 
sigmoidal curve a mature stage and lastly 
an upward concave curve a senile stage  

STRAHLER, 1952 

Stream length-
gradient index 
(SL) 

This index is sensitive to changes in channel 
slope and allows evaluating relationships 
among possible tectonic activity, rock 
resistance and topography. It is highly 
sensitive to lithology, values had to be 
related to rock types cropping out 
 

SL = (DH/ DL) L 
The trunk channel is divided into segments 
with constant increasing of elevation, DH; DL 
and L are the length of the considered segment 
and  the length from the midpoint of the 
segment upstream. The value of SL index 
refers to the midpoint 

Tectonic uplift will be expressed by high 
SL values. Anomalous high SL values 
not ascribable to lithological changes can 
represent local action of dip slip faults 

HACK, 1973; 
BURBANK & 
ANDERSON, 2001 

 

TABLE 2

Geomorphic indexes.



The Petrace R. basin extends for 420.22 km2 and is
characterized by two sectors: the lower sector (to the
north) comprises 2/3 of the entire basin and falls in the
Gioia Basin, while the upper one (to the south) mainly
corresponds to the Aspromonte Mts. and the north-eastern
part of Piani d’Aspromonte High (fig. 2). In the southern
sector, the drainage flows on metamorphic terrains 
(A class), whereas in the northern one it flows on marine
and continental deposits (Lower/Upper Pleistocene) and
partially on clay sediments (Lower/Middle Pleistocene)
(C class) (fig. 2). The drainage network reaches the VII
Strahler order (fig. 3) and shows a dendritic and parallel
pattern (trending from NW-SE to N-S) as regards high
order branches (from IV to VII). A trunk channel was
identified based on its hierarchical organization and
maturity. It runs close to the watershed on the hydro-
graphic left, from south towards north, whereas in the
final tract it flows north-westwards.

The Catona River basin is 67.47 km2 wide; most of
the drainage flows on the crystalline terrains of the
metamorphic massif (A class), whereas in the lower
sector it flows on Pleistocene marine and continental
deposits (C class) (fig. 2). The trunk stream flows NW
and turns towards SW in the final tract (fig. 2). The flu-
vial network reaches the Strahler’s V hierarchical order
and has a parallel shape pattern as regards the major
orders, whereas it shows a trellis for the order I branches
(fig. 3).

Several geomorphological anomalies, indicating fault
activity and tectonic disturbance, were observed in the
Petrace and Catona River networks (fig. 5). Fluvial cap-
tures are observed especially where the Catona River is
crossed by the faults of the Villa Basin and the Petrace
River by the Cittanova and Delianuova Faults and by the
connecting faults between the Santa Eufemia Fault and
the Cittanova-Delianuova Faults. Deflected branches,
alignment of deflections and abnormal river branches are
diffused along the fluvial network. Terraces on the footwall
of the Scilla Fault are tilted towards E and SE. Several
fluvial branches lying on the footwall of the Santa
Eufemia, Cittanova-Delianuova and Gambarie Faults are
entrenched and show meander-shape (fig. 5).

Fig. 6a shows an example of fluvial capture occurring
in the Catona R. network. Fluvial segment A originally
flowed into segment B along the yellow dashed line
(today abandoned), but was captured by fluvial segment C.
This process may be associated either to local uplift at
the footwall of the Cappucini Fault (CAPF) or to the
south-eastward tilting associated to the activity of the
antithetic Scilla Fault and of the minor NE-SW fault
located to the north of the CAPF.

Fig. 6b shows several deflections of Petrace R. fluvial
segments, occurring along the Delianuova Fault.

The Petrace R. basin was affected by seismically
induced effects triggered by the February 5 1783 earth-
quake, such as landslides, ground fracturing and liquefac-
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Fig. 4 - DEM of south-western Calabria including main faults from previous works (GHISETTI, 1992; ATZORI et alii, 1983 and JACQUES et alii,
2001), redrawn by aerial photo analysis and faults from this study; in orange the connecting faults of the relay zone. Rectangles show location
of figs. 6a and 6b.
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Fig. 5 - Summary of the geomorphological and morphometric irregularity of the drainage.

Fig. 6 - Examples of geomorphologic anomalies of the Catona (a) and Petrace (b) rivers occurring in proximity of faults, see fig. 4 for the
location. Pink arrow in fig. 6a indicates the capture; yellow dashed line an abandoned segment; yellow arrow indicates the tilting due to the
action of the NW dipping fault north of CAPF. Yellow arrows in fig. 6b indicate river deflections.



tion, that caused significant modifications to the drainage
network, along with damming of fluvial channels and
development of 215 lakes (COTECCHIA et alii, 1986 and
reference therein). These effects are still observable in
aerial photos and by DEM analysis.

MORPHOMETRIC ANALYSIS OF THE PETRACE RIVER

For the Petrace River, the bifurcation index R reaches
high values with respect to the I and II order segments
(tab. 3). The An index (anomaly parameter) shows that
there are several anomalous branches of I and II orders; a
particularly high value is detected for the first order.
Δa parameter shows a high value (tab. 3) and finally
D1 parameter highlights a high density of I order segments
with respect to the drainage area.

The AF (asymmetry factor) index value (70.78, tab. 3)
indicates a strong asymmetry of the basin with the main
channel flowing close to the left side of the watershed
(fig. 7a). This asymmetry is furthermore quantified by the
T index (transverse topography asymmetry). Ten values of
this index were measured along the trunk channel. The
highest values, from 0.64 up to 0.77 (tab. 3), are mea-
sured for the upstream sector of the basin. Re index value
(tab. 3) indicates an almost mature stage of the basin.
This is confirmed by the hypsometric curve, even if it
shows a convex tract in the upstream sector of the basin,
indicating local rejuvenation (fig. 7b).

The SL index was graphically correlated to the profile
of the main channel (fig. 7c), lithology and faults. Anom-
alous values of SL are plotted on the schematic map of
fig. 5. The trend of the SL index allows identifying five
anomalous values that are not ascribable to lithological
change or other geomorphological causes, typical of the
fluvial environment. The first anomalous value matches
well with the Santa Eufemia Fault. The second one is
close to the connecting faults of the relay ramp accommo-
dating the deformation between Santa Eufemia and
Delianuova Faults. The third anomaly is nearly coincident
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Hierarchical parameters  Geomorphic indexes 

Catona R. Petrace R.  Petrace R 

R1 

1.3 

An1 

0.31 

a 

0.96 

R1 

1.5 

An1 

0.33 

a 

1.69 

 AF 

70.78 

T1 

0.15 

T2 

0.04 

T3 

0.01 

T4 

0.08 

T5 

0.18 

R2 

2.7 

An2 

0.49 

D1 

12.77 

R2 

1.4 

An2 

0.26 

D1 

6.26 

 Re 

0.69 

T6 

0.32 

T7 

0.47 

T8 

0.64 

T9 

0.69 

T10 

0.77 

R3 

0.8 

An3 

0.18  

 

R3 

0.5 

An3 

0.13 
 

 
Catona R 

R4 

0 

An4 

0 

R4 

0.4 

An4 

0.11 

 AF 

56.06 

T1 

0.46 

T2 

0.14 

T3 

0.03 

T4 

0.12 

T5 

0.14 

R5 

0 

An5 

0 

 

 

 

 

 Re 

0.40 

T6 

0.12 

T7 

0.35 

T8 

0.10 

T9 

0.35 

T10 

0.21 

R6 

0 

An6 

0 

       

TABLE 3

Hierarchical parameters and geomorphic indexes of
the Catona River and Petrace River, see tabs. 1 and 2 for 

description.

Fig. 7 - A) Petrace River basin divided into right (pink) and left (green) hydrographic areas; B) Hypsometric curve of Petrace River compared
with typical curves of youthful, mature and old stages; C) SL index graph compared with long profile of Petrace River, lithology and
faults; D) Long profile analysis graph compared with watershed (orange line), lithology, faults and marine and fluvial terraces reported by
MYAUCHI et alii (1994) that are intercepted by the trunk channel or that are close to it; black triangles are the knickpoints observed by comparing
trunk long profile with polynomial function best-fit of the long profile (dashed line).



with the Gambarie Fault trace. The fourth and fifth SL
anomalies are in proximity of the Western Aspromonte
Fault and of the Montalto Fault, respectively. Some of
the SL anomalies coincide with fluvial deflections (D in
fig. 7c) as well.

Long profile analysis was performed by considering a
polynomial curve of best-fit. The long profile was com-
pared with the profile of the watershed nearest to the
main branch; in addition, it was related to lithology,
marine and fluvial palaeo-stands and mapped faults. The
Petrace River long profile shows a general concave-
straight profile suggesting long-term predominance of
erosional processes in the northern sector, and long-term
equilibrium between uplift and erosion rates in the
southern part of the basin. Along the profile, four knick-
points (black triangles in fig. 7d; cyan circles in fig. 5)
were observed; none of them corresponds to lithological
change or to marine or fluvial palaeo-stands.

On the other hand, the knickpoints match well with
SL anomalies, considering the positioning error on the
graph. Similar to the SL anomalies, the first knickpoint
fits well with the Santa Eufemia Fault, the second one
corresponds to the breached relay zone, where almost
NNW-SSE connecting faults link the Santa Eufemia and
Delianuova Faults; this zone also coincides with a land-
slide triggered by the 1783 seismic sequence (COTECCHIA
et alii, 1986). The third knickpoint matches well with the
Gambarie Fault and the fourth one with the Montalto

Fault. Furthermore, three convex tracts (knickzones),
between 340 and 600 m a.s.l., 660 and 930 m a.s.l. and at
1500 m a.s.l., lie at the footwall of Santa Eufemia Fault,
in the relay zone and nearby the Montalto Fault.

MORPHOMETRIC ANALYSIS OF THE CATONA RIVER

Similarly to the Petrace River, the R parameter (bifur-
cation index) and the An index (anomaly parameter) of
the Catona River have high values for the I and II order
segments (tab. 3). Moreover, Δa indicates several ano -
malous fluvial branches and D1 parameter highlights a
high density of I order segments with respect to the flow
stream area.

AF index for the Catona R. is 56.06 (tab. 3), revealing
a general symmetry of the basin (fig. 8a). AF index was
calculated for the 10 sub-basins of the Catona R., as well
(fig. 9a). Almost all the AF values of the sub-basins are far
from the value indicating perfect symmetry (50). Sub-
basins in the hydrographic left have low AF values, while
sub-basins on the right side have high values (fig. 9a).
Thus, sub-basins lying on the hydrographic left appear
tilted northwards and sub-basins on the hydrographic
right are tilted southwards. Re index suggests an imma-
ture shape of the basin (tab. 1); this result contrasts with
the high hierarchical maturity of the Catona River and
with the shape of its hypsometric curve. Indeed, the
hypsometric curve of this river shows a mature stage
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Fig. 8 - A) Catona River basin divided in right (orange) and left (blue) hydrographic areas; B) Hypsometric curve of Catona River compared
with typical curves of youthful, mature and old stages; C) SL index graph compared with long profile of Catona River, with lithology and
faults; D) Long profile analysis graph, long profile is compared with watershed (orange line), lithology, faults and marine and fluvial terraces
reported by MYAUCHI et alii (1994) on which the trunk channel flows or that are close to it; black triangles are the knickpoints observed by
comparing the trunk long profile with polynomial function best-fit (dashed line) (See the IJG website for a color version of this figure).



(fig. 8b), even though a sector subject to rejuvenation is
observed upstream. A hypsometric curve was also drawn
for the 10 sub-basins of the Catona R. (fig. 9). All sub-
basins on the hydrographic right show rejuvenation in
those sectors lying at the footwall of the Cappuccini Fault
(figs. 2 and 9b,c,d,e).

The SL index was graphically related to the profile of
the main channel, lithology, marine and fluvial terraces
and faults (fig. 8c). This index shows some anomalous
values that are not linked to lithological changes or paleo-
shoreline stands. SL anomalies are summarized on a map
(fig. 5). The first anomaly matches well with the Calanna
Fault, the second one corresponds to a minor NE-SW
fault (fig. 4) in a sector characterized by recent alluvial
deposits; the third anomaly lies in a zone of active sliding.
Last SL anomaly could also match with a further NE-SW
fault (fig 4). The fourth anomaly matches with the Delian-
uova Fault, and the latter almost coincides with the Mon-
talto Fault. Two of the observed SL anomalies match with
a fluvial deflection (D letter in fig. 8c).

The long profile shows a general concave shape, some
knickpoints (black triangles in fig. 8d) and knickzones.
The convexities of the long profile are associable neither
to lithological factors, nor to paleo-shorelines stands, nor
to other factors typical of the fluvial environment. Knick-
point at 450 m a.s.l. matches well with the Calanna Fault,
considering the error included in the position calculation.
The knickpoint at 850 m a.s.l. coincides with a secondary
fault parallel to the Calanna Fault, while the one at 1050 m
a.s.l. matches with the Delianuova Fault and the one at
1525 m a.s.l. with the Montalto Fault. The knick points at
1150 m a.s.l. and that at 1720 m a.s.l. match well with
morphological escarpments not associable to faults. In
addition, a long convex tract lies over 450 m a.s.l., at the
footwall of the Calanna Fault. Shorter convex tracts are
above 1150 m and 1525 m at the footwall of the Montalto
Fault. The comparison between the long profile and the

watershed profile highlights three sectors with differen-
tial bulk erosion. Maximum bulk erosion, corresponding
with maximum localized uplift, is observed in the sector
lying at the footwall of Scilla and Calanna Faults.

DISCUSSION

Apart from the previously known master faults, this
work allowed observing minor faults affecting the study
area. These are NE-SW striking faults, parallel to the
master faults and connecting normal faults that accom-
modate movement between the master faults. Between
the Santa Eufemia Fault and the Cittanova-Delianuova
Fault, a breached relay zone, characterized by NNW-SSE,
NNE-SSW and NE-SW connecting faults, was observed.

The morphometric analysis performed on the Petrace
and Catona Rivers highlights that currently the drainage
is controlled by both the major known normal faults and
the minor faults. For both the rivers, hierarchical para-
meters R, An, Δa and D1 indicate hierarchical anomalies,
suggesting a poor organization of the fluvial network and
major modifications ascribable to active tectonics.

The occurrence of numerous I order segments flowing
orthogonal directly into higher order segments, indicates
local increases in relief at the footwall of the Santa Eufe -
mia and Cittanova Faults.

Geomorphological markers of active tectonics, observed
in the Petrace River network, confirm the activity of the
known Santa Eufemia, Cittanova, Delianuova and Gam-
barie Faults and of the connecting faults that lie between
the Santa Eufemia and Delianuova Faults (fig. 5). The
strong asymmetry of the Petrace basin (indicated by AF
and T indexes) may be due to the fast head retreat of the
trunk channel because of the activity of the Santa Eufe -
mia and Delianuova Faults, as well as to the connecting
faults, responsible for the evolution of the Piani d’Aspro -
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Fig. 9 - A) Catona River sub-basins, dotted line is the trunk channel of each sub-basin, table indicates values of AF index measured for
the sub- basins; B), C), D) and E) hypsometric curves of the sub-basin 3, 5, 6 and 7, that are the most representative of localized tectonic uplift.



monte High. Indeed, there is no evidence of migration of
the channel due to tilting, which is generally testified by
asymmetric valleys with asymmetric terrace flight. Fast-
localized uplift on the footwall of these faults is also indi-
cated by a high hierarchical anomaly degree and a high
density of I order channels. The hypsometric curve shows
the sector subject to rejuvenation being affected by local
uplift where the basin is crossed by the Santa Eufemia
Fault. Anomalous values of the SL index and knickpoints,
not related to lithological changes, coastal or fluvial
dynamics, may be related to the activity of the Santa
Eufemia, Gambarie and Montalto Faults (figs. 7c,d and
fig. 5). These indexes reveal recent movement also in the
relay zone. Maximum bulk erosion witnesses the recent
activity of the Scilla Fault, responsible for the fast Palmi
high uplift, and of the Santa Eufemia and Gambarie
Faults as well.

The Catona R. hierarchal organization appears imma-
ture; the top portion is highly elongated and poorly orga-
nized in a hierarchy. The particular shape of the trunk
stream of the Catona R. and its sub-basins lying on the
hydrographic right, with flow direction NW-SE, in the
eastern sector, and NE-SW, in the western one, indicates
a recent tectonic control in the basin evolution. The
deflection occurs where the Cappuccini Fault crosses the
basins, suggesting recent activity of this fault. The sector
of the Catona R. that lies on the footwall of the Calanna
Fault has undergone fast uplift, as demonstrated by the
observed drainage anomalies. Indeed, in this sector,
where the trunk channel has NW-SE direction, numerous I
and II order channels directly flow into the IV order
channel (fig. 3). Uplift of this sector is also indicated by
the anomalous length of I order segments formed to
increase of the stream energy due to relief increasing.
Further evidence of fast recent uplift of this sector is the
immature elongated shape of the Catona basin, indicated
by Re, contrasting with the maturity of the basin sug-
gested by hierarchy and the hypsometric curve (fig. 8b). It
is likely that the long shape of the basin is a response to
the fast uplift causing rapid head retreat of the main
channel of the river. Moreover, the hypsometric curve
shows a sector subject to rejuvenation at the footwall of
the Calanna Fault.

Strong asymmetries of the sub-basins on the hydro-
graphic right of the Catona R. (1, 2, 3, 4, 5, 6, 7, 8 sub-
basins) indicate fast uplift and tilting of this sector with
lowering towards SE, causing the migration of the main
channels of the sub-basins in the same direction. The dif-
ferential movements are likely due to the activity of either
Scilla and Cappuccini Faults or the other minor faults
(figs. 6a and 5). Asymmetry of the 9 and 10 sub-basins,
lying on the hydrographic left, with migration towards
NE of the main channel, indicates uplift and tilting in the
left sector of the Catona R. A general depocentre is observed
in the central part of the basin, probably developed for
the concomitant activity of the Calanna and Cappuccini
Faults and other minor faults producing localized uplift
and lowering in specific sectors. Recent uplift of the
hydrographic right of the Catona R. is also indicated by
the hypsometric curve of the sub-basins. Rejuvenated
 sectors of the sub-basins match well with the footwall of
the Cappuccini Fault.

The SL index evaluated for the Catona R. confirms
the activity of the Calanna, Delianuova and Montalto
Faults as well as of two minor NE-SW faults (fig. 4).

Indeed, these faults correspond to anomalies of SL index
that are not ascribable to lithological changes or local sea
level paleo-stands (figs. 8c and 5). SL anomalies also
match well with some knickpoints observed with the long
profile analysis, corresponding to the Calanna, Delia -
nuova and Montalto Faults and one of the minor NE-SW
faults (figs. 8d and 5). Local uplift is also indicated by the
knick zones at the footwall of these faults, suggesting
their recent activity. The comparison between the main
channel long profile with the watershed profile shows
three sectors in the Catona basin with different bulk ero-
sion, suggesting a complex evolution history. These sectors
underwent different velocity and magnitude of uplift. The
first two sectors lie at the footwall of the Scilla and
Calanna Faults respectively and are characterized by
changes of the trunk channel direction: in the first sector
the trunk channel flows towards SW, while in the second
it flows towards NW (fig. 2). This suggests that these two
sectors of the basin developed at the same time as inde-
pendent basins. It is likely that the activity of the inter-
cepting faults caused head-ward retreat of the drainage of
the westernmost sector of the basin that captured the
easternmost one. The uppermost sector is characterized by
lower bulk erosion than the other two sectors, indicating
that it formed in more recent times, due to the uplift
caused by the Delianuova Fault.

The interaction of the regional uplift and the activity
of the faults caused the formation of the Gioia and Villa
Basins and the emergence of the Piani d’Aspromonte
High, and controlled the evolution of the drainage of the
Petrace and Catona rivers.

The geomorphic and geomorphological analyses allowed
us to present a schematic reconstruction of the drainage
evolution of the Petrace and Catona rivers, induced by the
activity of both master faults and minor transversal faults
(fig. 10), starting from Early Pleistocene. During Early
Pleistocene, southern Calabria was uplifted in several
distinct stages. A first phase of uplift was controlled by
the easternmost Cittanova, Delianuova and Gambarie
Faults and caused the emersion of the south-eastern
sector; furthermore, Western Aspromonte and Montalto
Faults were probably already active during this stage. The
drainage of the Petrace and Catona rivers was controlled
by such faults and was directed from SSE towards NNW
(fig. 10A). In a second stage of Early Pleistocene the
Calanna and Santa Eufemia Faults were activated,
accommodating the uplift of the Piani d’Aspromonte
High with respect to the Gioia Basin and Villa Basin. This
caused the head retreat of the Catona River trunk channel
and the first catch of the older drainage. The fluvial
 network geometry of the Catona River underwent a first
change of drainage direction from NNW-SSE to NW-SE
(fig. 10B). During this time, the connecting faults of the
relay zone between the Santa Eufemia Fault and the line
Delianuova-Cittanova Faults probably controlled the early
subsidence of the Gioia Basin. The drainage direction of
the Petrace River moved with a N-S direction. The east-
ernmost faults bound the terraces from TI up to TIII
(Early Pleistocene) and probably controlled their forma-
tion along with the regional uplift; while the westernmost
faults affect these terraces. Thus, we can hypothesize that
the activity of connecting faults migrated from east
towards west. During the Middle Pleistocene, the minor
transversal faults of the Villa Basin (e.g. Cappuccini
Fault) have been active. The drainage direction of the
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Catona River moved eastward (fig. 10C). During Late
Pleistocene, the deepening of the two basins and the uplift
of Piani d’Aspromonte High continued, the depocentres
migrated towards the present day location due to the
activity of previously mentioned faults. The drainage of
the Catona River was modified by the secondary faults of
the Villa Basin, which were responsible of configuration
of the Calabrian side of the Messina Strait. The main
drainage axis of the Catona River completes its rotation
and assumed the Present NE-SW direction flowing
towards SW (fig. 10D). The rotation of the drainage of the
Catona River, towards the axis of the Messina Strait,
occurred contemporary to that of the rivers flowing on the
north-eastern Peloritani Mountains (GUARNIERI & PIR-
ROTTA, 2008). Thus, the configuration of the present day
Messina Strait rifting can be dated Late Pleistocene.

The aerial photos and DEM analyses allowed us to
recalculate the length of previously known faults and to
observe that the Cittanova Fault (31 km) and the Delia nuova
Fault (16 km) represent stepping segments of a unique,
roughly 47 kilometre-long fault system. Similarly, the Santa
Eufemia Fault (13 km) and the Calanna Fault (10 km) are
stepping segments of an almost 25 km-long fault system.

Our results are consistent with literature data that
associate the most disastrous historical earthquakes to
the major active faults. The area mainly affected by the

February 5, 1783 earthquake is located in a region corre-
sponding to the Aspromonte Mountains and Gioia Tauro
Plain. Long and continuous fractures (COTECCHIA et alii,
1986), described by contemporary witnesses, were con -
sidered as the superficial expression of the seismogenic
fault (JACQUES et alii, 2001). This ground fracturing coin-
cides well with the northern sector of the Armo-Delia nuova-
Cittanova Fault System (figs. 1 and 2), where we can
observe deformation on the drainage of the Petrace River
basin. This evidence, along with the configuration of the
macroseismic field and the length of the fault (30 km) being
compatible with an earthquake of Maw 7.1 (WELLS & COP-
PERSMITH, 1994), confirms that the Cittanova Fault could
represent the seismogenic fault of the February 5, 1783
earthquake (see also JACQUES et alii, 2001; GALLI & BOSI,
2002). The February 6, 1783 earthquake (M = 6.1/6.9),
causing serious damage from Scilla to Messina (fig. 1), was
likely triggered by the Scilla Fault (see also JACQUES et alii,
2001), for which there is strong evidence of recent activity
(FERRANTI et alii, 2007, 2008). Finally, the November 16,
1894 earthquake (Maw = 6) could be associated with the
Santa Eufemia Fault, showing several morphometric indi-
cations of Holocene activity (see above) and matching well
with the macroseismic field (GALLI & BOSI, 2002).

Relay ramps in active normal fault zones have been
considered a clue for the identification of seismogenic

154 C. PIRROTTA ET ALII

Fig. 10 - Reconstruction of the evolution of the Petrace and Catona rivers and fault activity based on the distribution of marine terrace inner
edges and the drainage geometry.



sources (DI BUCCI et alii, 2006). Moreover, as suggested
by GHISETTI (1992), large-scale deformation processes on
the faults of southern Calabria can induce secondary
strain accumulation on the minor faults, which assume a
seismogenic potential for low magnitude events. Thus,
the connecting faults mapped in the area could be
responsible of the minor seismicity of southern Calabria.

CONCLUSIONS

The geomorphological and morphometric analyses
performed on the Catona and Petrace Rivers document evi-
dence of movements on some faults of southern Calabria.
Besides the well-known Scilla, Santa Eufemia and Cit-
tanova faults, which are considered the sources of some
historical earthquakes affecting the area, we found signs of
recent activity on other less studied or unknown structures:
the Calanna, Cappuccini, Delianuova, Gambarie, Montalto
and Western Aspromonte Faults. The Petrace River geome-
try and evolution seems to be principally controlled by the
Santa Eufemia, Gambarie and Montalto Faults and by the
Cittanova Fault in the eastern sector. Minor NE-SW and
the connecting faults of the relay ramp seem to concur in
the recent evolution of the Petrace basin. The Catona River
is mainly affected by the activity of the Cappuccini, Scilla,
Calanna, Delianuova and Montalto Faults and by that of
two minor NE-SW faults. These faults are responsible for
the rejuvenation of specific sectors where the drainage is
seeking to restore equilibrium, and of the change in direc-
tion of the main drainage causing the singular curved
shape of the basin. Particularly, the activity of some of the
redefined faults rotates the Catona River drainage towards
the axis of the Messina Strait. The rotation occurred at the
same time to that of the rivers flowing on the Sicilian side
of the Strait, dating to Late Pleistocene the configuration
of the present day Messina Strait Rifting.

Our results contribute to defining the overall seismo-
tectonic scenario of southern Calabria, confirming that
major normal faults, intercepting the drainage network,
have been active during recent time. Comparison between
their geome try and macroseismic field of strong historical
earthquakes also suggest that they may have slipped dur-
ing major seismic events. Furthermore, this work allowed
finding some minor faults that provide important evi-
dence of recent activity and that may slip in the future.
Such minor faults can accumulate secondary strain, thus
assuming a seismogenic potential for the minor seismici ty
of southern Calabria.
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