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The evolution of rocky coasts has been described by several Au-
thors as the result of different interacting factors, referred to as littoral
forces, either internal (tectonics, volcanism, seismicity) or external ones
(atmospheric, hydrospheric, biospheric and cryospheric). Rocky coasts
between Lerici and Tellaro (Gulf of La Spezia, eastern Liguria, Italy)
present some features that are intermediate between shore platforms
and plunging cliffs. Four types of profile have been identified; they
have near-horizontal to steep surfaces, often showing an almost vertical
step in the seaward margin. These forms were initially interpreted as
wave-cut platforms suspended at different heights from sea level by
simple eustatic oscillations. In this work, a polygenetic origin is pro-
posed for these forms, in which tectonics, weathering, wave action and
inheritance are all involved.
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RIASSUNTO: AROZARENA LLOPIS 1, Fattori nello sviluppo delle coste
rocciose tra Lerici e Tellaro (Golfo della Spezia, Liguria, Italia). (IT ISSN
1724-4757, 2006).

In questo lavoro si affronta il tema dell’evoluzione delle coste roccio-
se che i diversi Autori hanno interpretato in modo differente attribuen-
dola ad agenti diversi, endogeni ed esogeni.

Le coste rocciose fra Lerici e Tellaro (Golfo della Spezia, Liguria)
presentano alcuni caratteri intermedi fra quelli delle piattaforme litorali e
delle falesie. Sono stati identificati 4 profili tipo, rappresentati dalla com-
binazione di superfici pitt 0 meno inclinate spesso limitate da uno scalino
verticale al margine marino. Queste forme sono state identificate nel pas-
sato come piattaforme di abrasione marine sospese a diverse altezze sul
livello del mare in conseguenza di semplici oscillazioni eustatiche. In que-
sto lavoro si propone un’origine poligenetica di queste forme, nella quale
sono coinvolte, eredita morfologiche, tettonica, alterazione meteorica,
azione del moto ondoso.

TERMINI CHIAVE: Coste rocciose, Piattaforma litorale, Eredita, Alte-
razione meteorica, Controllo strutturale, Liguria, Italia.
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INTRODUCTION

According to Trenhaile (1987), the variability of cliff
profiles found in nature is witness to the numerous factors
and processes that determine the morphology and evolu-
tion of rocky coasts. One of the most famous debates re-
garding rocky coasts focuses on the relative responsibility
of marine and meteoric agents, respectively, in the erosion
and backwearing of the coasts, especially in the formation
of shore platforms.

There have been different names for the features today
called shore platforms; the term «wave-cut platform»
(Barrel, 1920; Longwell & aliz, 1969; Lee & Focht, 1976)
was attributed assuming that platforms are the product of
exclusively wave action. The same occurs in the case of the
term «abrasion platforms» (Johnson, 1919). Other terms
are «surf benches» (Bell & Clarke, 1909) or «old hat plat-
forms» (Bartrum, 1916); most of them have a genetic
meaning and all of them attempt to descrive subhorizontal
or slightly seaward dipping surfaces. The problem with
this terms is basically genetical due to the lack of knowl-
edge about their shaping processes; because of this it is
advisable to use descriptive terms as «shore platform»
(Threnhaile, 1987).

Authors such as Edwards (1941,1951), Sunamura
(1977 a,1991) and Trenhaile (1987) have defended wave
action as the main modelling agent. Others, like Bartrum
(1916, 1935), Wentworth (1938, 1939) and Hills (1949)
have proposed subaerial weathering as the main agent.
Nevertheless, in some old works (Bell & Clark, 1909;
Bartrum & Turner, 1928; Bartrum, 1935; Jutson, 1939;
Mii, 1962) and in some newer ones (Kirk, 1977; Sunamu-
ra, 1991; Stephenson & Kirk, 2000 a and b) a probable
combined action of both factors is put forward.

In particular, different researchers have noted that
weathering processes (and the relative rock weakening) to-
gether with the inheritance of relict landforms (related to
times with a sea-level similar to today’s) represent impor-
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tant agents and controlling factors respectively, in the de-
velopment of rocky coast landforms (Stephenson & Kirk,
2000; Blanco Chao & «/iz, 2003; Dickson & aliz, 2004).
The different intensity that characterizes the action of each
factor in a given coastal tract determines the main mor-
phological characteristics and provides information about
evolutionary development (Cortemiglia, 1993). In this case
study, due to the morphological variability between areas
with the same lithology or same wave action exposition, it
is necessary to find other factors and controls that could
determine local differences. These factors can be weather-
ing, tectonic structure and fracture’s pattern of rock mass-
es and, finally, inheritance of relict landforms. The aim of
this work is to identify the factor or factors involved in the
shaping of shore platforms and to recognize active agents
modelling the coastal area at the present time.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING OF THE STUDY AREA

The study area is located in the easternmost part of the
rocky ligurian coasts, within the Gulf of La Spezia. The
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Gulf is limited by two promontories characterized by com-
plex folding concordant with main Appenninic compres-
sive structures. The gulf is a tectonic basin or graben
stretching NW-SE (Federici, 1987).

Paleozoic-triassic rocks outcrop on the eastern
promontory belonging to the Tectonic Unit of Massa, un-
comformably overlain by tectonic breccias (Brecce di Leri-
ci and Maralunga), wich are overthurst by a lacunose and
non metamorphic Tuscan Nappe, known as the Lerici-Tel-
laro Unit. Rocks belonging to this unit are, from bottom to
top, Coregna Dolomites, La Spezia limestones and, finally,
Monte Castellana dolomites (Carta Geologica d’Italia,
1:50.000, Foglio 248 «ILLa Spezia»).

Five deformational phases have been identified in
the area (D,-Ds, in Storti, 1995). Deformation starting
with compression during the Lower-Middle Miocene,
(D, and D,), followed by a crustal thinning during the
upper Miocene-Pliocene, which caused the opening of
the North Thyrrhenian basin (D,). Progressive evolution
of Dy led to the formation of the Tellaro detachment
fault and, eventually, to the formation of the extensional
faults during the Pliocene (D,); these faults are
responsible for the horst and graben structure that char-
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Fig. 1 - Geographical sketch and geological setting of the study area. Legend: 1. Subligurian Unit (Upper Cretacic-Lower Oligocene); 2. Tuscan Nappe
(Norian-Lower Miocene); 3 Lerici-Tellaro Unit (Norian-Hettangian); 4. Panigaglia-Portovenere Unit; 5. Massa Unit (Cambrian-Ladinian); 6. Recent
deposits (Upper Pliocene-Pleistocene); 7. Main faults and their strike (After Federici & Raggi, 1975).
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Fig. 2 - Geomorphological map of Lerici-Tellaro coastal area. Legend: 1. beach; 2. plungging cliff; 2. marine stack; 3. marine cave; 4. marine arch; 5. ma-
rine notch; 6. shore platform; 7. landslide; 8. lansdlide crown; 9. V-shaped valley; 10. concentrated surficial water groove; 11. triangular slope; 12. fault;
13. seaddle; 14. planated surface.

acterizes the Gulf of La Spezia and River Magra basin ~ METHODS AND RESULTS

(Federici & Raggi, 1975). The latest phase (Ds) reuses

the same fault planes of D, but with a strike-slip move- In this section platform profiles are described as four

ment (D;). contrasting features. Measurements of topography and
The coastline is marked by a series of bays and head-  bathimetry have been done by means of 1:5.000 topo-

lands characterized by a high morphological variability of  graphic maps and 1:30.000 bathimetric maps.
rocky coastal features. The hillsides of the promontory dis-

play several normal faults, which are evident from the

presence of triangular slopes located backwards the bays A - SHORE PLATFORM DESCRIPTION

and tectonic saddles located on the inner part of the head-

lands (fig. 1). The four platform profiles found in the Lerici-Tellaro
The upper part of the promontory displays several — coastal area have been found in correspondence to the five

karstic features; dolines and karren, and terra rossa fillings ~ headlands that characterize this coastal tract (fig. 2), re-

(Federici, 1970 and 1987) are frequent in the area. The  spectively: Maralunga, Maramozza, Mezzana and Seno

summits of the promontory are subplanar or slightly  delle Stelle, and finally Tellaro (Mezzana and Stelle corre-

rounded and are surrounded by dolines that follow normal  spond to the same profile type C).

and transversal faults parallel to the coast. The transversal In addition, other coastal features, such as plunging
faults become evident through the pattern of karstic fea-  cliffs, pocket beaches, stacks and arches are also de-
tures and also by means of aerial photograph analysis. scribed.
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Type A coast

This small platform reaches heights of about 15-20 m.
The morphology of the profile, carved in the Maralunga
Breccias, is characterized by a 45° dipping surface which, in
its seaward margin is cut by a 1-1.5 m high cliff (fig. 3-A).
Landwards its profile becomes steeper so it could be de-
fined as an intermediate feature between platform and cliff.
The seaward vertical surface gradually becomes a real cliff
towards the inner part of the bay, until it replaces totally
the platform profile and reaches a height of 15 m. Below
sea level, this morphology is vertical and only interrupted
by a 1 m wide and 1.5 m deep submerged platform.

This type of rocky coastal profile is typical from the
Punta di Maralunga throughout almost its perimeter. The
upper slopes of the Maralunga headland show slopes dip-
ping about 15°. Maximum height is 22 m a.s.l. and the up-
per part of the headland displays a sub-planated surface at
an average height of 17 m a.s.l., which has no continuity
with the rest of the Maralunga headland, likely caused by
the presence of a tectonic saddle.

Type B coast

It is formed almost entirely by a 20° dipping surface
with a maximum length (normal to the coast) of 30 m, and

—
howmg

1
D 25 5D

V]

Fig. 3 - The four types of coast analyzed in the text: A. type A coast at Maralunga headland; B. type B coast at Maramozza headland; C. type C at
Mezzana headland and D. type D coast at Tellaro. Dashed lines in the profiles sign main discontinuities in the rock mass (fractures or strata).
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it is interrupted seaward by the presence of a little vertical
escarpment no higher than 1 m (fig. 3-B).

This morphology, characteristic of the most external
part of the Punta di Maramozza, becomes more and more
vertical towards the inner part of the bay, where it displays
a vertical 8 m high cliff. Here, submerged morphology is
almost vertical, reaching depths of 15 m approximately.
Also in this headland, the Maralunga breccias outcrop
and, in the same way as on Punta di Maralunga, give a
high roughness to the surface.

The upper part of the Maramozza headland displays
dips almost equal to the described profile. The maximum
height of the headland is approximately 65 m a.s.l. and the
uppermost part also displays a sub-planated surface. This
upper part is not continuous landwards; a tectonic saddle
between the headland and the rest of the promontory
breaks the profile normal to the coast.

Type C coast

This type of profile is characterized by an almost hori-
zontal development with a steeper slope break in the sea-
ward margin. Shore platforms of this type show a vertical
cliff on their inner margin affected by gravitational insta-
bility and, thus, frequent rock falls (fig. 3-C).

In the case of Mezzana headland, the average height of
the platform is near 5-6 m a.s.l., with the slope break at 4
m and the inner margin near 8 m a.s.l. Amplitude of the
platform is spatially variable, with a maximum of 30 m and
minimum of 8 m. The Monte Castellana dolomites, out-
cropping at Punta di Mezzano, display strata with subhor-
izontal dipping and slightly folded, following the landform
profile. The hillslope of Punta di Mezzano, from 25 m
a.s.l. upwards is characterized by a sub-planated surface
between 25 and 30 m a.s.l.. Landslides and rockfalls are
also frequent in this headland. The submerged profile is
vertical as in the Maramozza headland.

On the other hand, Punta delle Stelle headland displays
lower average heights (1.5-2 m as.l.), but always with a
main horizontal development. This coastal area is quite in-
dented so the amplitude is also variable (20 m approxi-
mately). The headland’s summit is a subplanated surface at
15 m a.s.l.. Landwards, the headland displays the same type
of discontinuity described for the other coastal types,
which shows the presence of a normal fault. Below sea
level, the platform profile is abrupt, steep and with the
presence of sandy bottoms, never shallower than 5 m deep.

Type D coasts

This type of profile displays a subhorizontal surface at
an average height of 5> m a.s.l. that becomes a 70° steep
surface seawards, and a less steep ramp (40°) landwards.
The overall profile can be described as a ramp-flat-ramp
morphology (fig. 3-D). All three surfaces show high rough-
ness mainly due to both the intensive folding of the Por-
tovenere Limestones and the development of weathering
and karst features. The steep seaward margin of this plat-
form continues below sea level for at least 10 m.

The hillside back standing type D coast shows gentler
slopes in comparison with the rest of the analyzed profiles
(5° approx.). Depths at the base of the platform are be-
tween 8-10 m. In addition, the presence of a submerged
void or cave below the seaward margin of the platform is
suggested by the means of breakers typology. In figure
3-D, it can be seen the inferred submerged profile with the
presence of some kind of void.

B - COASTAL SLOPES

Cliffs are mostly located in the inner part of the bays,
sometimes surrounding the margins of pocket beaches. In
some cases, platforms that are located in the most external
part of the headlands, become gradually cliffs towards the
inner part of the bays. This is the case of Maralunga Bay,
where both the Maralunga and Maramozza headlands
follow this scheme; also the south-eastern hillside of
Maramozza headland shows this characteristic. On the
Mezzano headland, except for the area where the shore
platforms develop, a 25 m high cliff dominates the coastal
slope; on the most external part of this headland there is a
natural arch and some stacks.

Another interesting landform is found on the type D
coasts, near Tellaro village; at a height of 5 m a.s.l., coin-
cident with the flat part of the platform, there is a little
relic beach surrounded landwards by a semicircular
rocky cliff. The beach deposit is formed of centimetric
uncemented rounded pebbles (fig. 7 A and B); the de-
posit is composed by rounded and calcareous (Por-
tovenere Limestones) centimetric pebbles. It’s important
to note that the beach deposit is situated inside a semicir-
cular roofless cavity, presumably of karstic origin. The
seaward margin of the beach deposit is characterized by
the presence of an erosive scar carved on the Tellaro
platform. (fig. 7 B) and it’s also observed the presence of
scattered relics of a likely continental breccia on the cavi-
ty walls; this breccia is formed by very angular centimet-
ric pebbles contained in a extremely hard yellowish ce-
ment (fig. 7 C). Beach deposit pebbles are limestones
from Calcari di Portovenere formation and don’t show
signs of bioerosion or concrection. Instead, karstic con-
crections and dissolution cavities are found on the walls
that surround the relict beach.

CONTROLLING FACTORS

A - MARINE CONDITIONS

The study area is affected by SE incoming waves (Libec-
cio waves). The sector of Maximum fetch lies between 209
(Capo Cavallo, Corse) and 247 (d’Hyeres Islands) and has
maximum values of 500 nautical miles (fig. 4). Annual per-
cent frequencies of wind velocity and direction (Beaufort
scale) at Palmaria Island (contiguous to the Western
Promontory of the gulf), show dominance of NE and SW
winds. Offshore wave conditions, given as average percent

75



*‘H____!__- STA O-1

E__';a. .f'_E
/' [ G TH

WIND FORCE IM BEAUFORT SCALE
12 34 5& 712

[ —=—=]

LD

SEA &-8

——r

I PHAMT J d bV EE T

Fig. 4 - Sinthetic sketch of marine and wind data measured in the closest meteorologic station (Palmaria) (data from the Istituto Idrografico della Mari-

na, 1978): A. maximun fetch sectors for the Palmaria station; B. direction of incoming storms: percent frequencies of 6-8 sea force inferred from daily

observations relative to an interval of 30 years (from 1930 to 1942 and from 1947 to 1963); C. mean percent frequencies of winds, inferred from three

daily observations relative to an interval of 30 years; D. wave conditions in different months of the year: mean percent frequencies inferred from three
daily observations relative to an interval of 30 years.

frequencies (measured 3 times a day during 30 years), show
dominance of values 2 and 3 (with frequencies about 6,
which correspond to bigger wave heights between 0.10 and
1.25 m); values of 4 and 5 (bigger wave heights between
1.25 and 4 m) have an annual percent frequency of about
10 (fig. 4).

With regard to nearshore wave transformations, impor-
tant refraction of SW incoming wave crests is generated by
the presence of Isola di Palmaria at the most external part
of the Gulf; refraction makes them reach the coast as
southern incoming waves. Furthermore, a mean depth in
the Gulf of about 12 m, contributes to an important loss of
energy by friction along the wave path. Nevertheless, mean
depth at the base of the analyzed landforms is relatively
high (5 m); because of this, waves do not easily break ex-
actly on the rocky coast, but often they reflect themselves
without breaking.
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B - WEATHERING AND KARST

Several different types of weathering features have
been found on the 4 platform types; (1) deep sub-cylindri-
cal cavities with pebbles at the bottom (giant’s potholes)
(fig. 5-A); (2) shallow potholes with decimetric to metric
diameters, often showing salt precipitates when wet (fig. 5-
B); (3) karstic sub-cylindrical cavities sometimes coales-
cent and/or filled with Terra Rossa (fig. 5-C); (4) karstic
alveols, which are millimetric to centimetric cavities that
cover large areas on the rock surface (fig. 5-D).

At the Maralunga and Maramozza headlands, due to
the inherently high roughness of the Maralunga Breccias,
water from wave spray and splash tends to stagnate, so
favouring the presence of features of type (2). Platforms at
Stelle headland show forms of types (2) and (1), where
evaporation of water leads to the formation of salt crusts.



Tt is frequent to find a karren like landscape due to weath-
ering and opening of rock joints. Stagnation of water is al-
so favoured at Tellaro as rocky outcrop surfaces are rough
due to intense folding and jointing; the main features are
those of types (1) and (3). Forms of type (4) are present on
all five headlands studied.

C - STRUCTURAL CONTROLS

The eastern promontory represents a structural uplift-
ed block inserted in the Gulf of La Spezia horst and graben
morphostructure, and shows morphological characteristics
that makes this evident. This characteristic becomes more
noticeable due to the presence of, at least one high angle
normal fault, parallel to the coast. On the top of the hills
there are some pieces of relict surfaces spatially linked to
karstic features. These relict surfaces have been observed

also at different heights along the slope and have been spa-
tially linked to triangular slopes and saddles. The top of
the analyzed headlands could be included in this group of
«suspended» surfaces (fig. 6).

Shore platforms at the Mezzana and Stelle headlands
are carved in Monte Castellana dolomites that lie subhori-
zontal in both areas. Storti (1995) has noted the presence
of a detachment fault at the top of this lithological forma-
tion at Punta delle Stelle and below a formation of marls.
Evidence of this detachment fault at Mezzano headland
and bay was also found in the present field work. The dif-
ferent competence between these two lithological forma-
tions, favoured by the subhorizontal dip of dolomites,
seems to represent an important control in the morpho-
genesis of both platforms. The specific agent or agents that
eroded the marls differentially with respect to the dolo-
mites could be gravity (landsliding) acting in a scenario
very similar to that of today’s sea level.

Fig. 5 - Different features of coastal weathering: A. pothole; B. salty rock pools; C. karstic cavities; D. weathering alveoles. Length of scale equal to 1.60
m (each segment equal to 20 cm). A e B are features carved in dolomites (Dolomie del Monte Castellana) and C e D are carved in limestones (Calcari
di Portovenere).
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Fig. 6 - Mezzano headland showing the horst-graben structural setting of the promontory hillsides: it is a typical stair-like structure displaying three
normal faults that leave subhorizontal relic surfaces suspended.

DISCUSSION

Wave action can erode mainly in three ways: abrasion,
generation of shock pressures and water hammer pres-
sures. Abrasion needs the presence of sand as an abrasive
tool to be an effective agent. To generate shock pressures
the entrapment of an air cushion between rock and wave
surfaces is needed (Bagnold, 1939; Trenhaile, 1987). As re-
gards generating water hammer pressures, the breaking
wave surface should be completely flat and should not en-
trap air between wave and rock. Trenhaile (1987) stated
that, due to the necessity of these strict conditions, true
shock and water hammer pressures are extremely unfre-
quent in real situations while Sunamura (1977 a) stated
that the gradient of shore platforms is a function of wave
intensity and rock strength.

Davies (1972) suggested that cliff gradients are a func-
tion of relative intensity of waves with respect to subaerial
processes. The more dominant is wave action, the steeper
are the cliffs and thus, when weathering becomes more
dominant, slopes begin to show a less steep and concave
profile. There are some works in geomorphological litera-
ture, mainly in the last years, in which weathering becomes
important in the debate on rocky coast erosion; (Stephen-
son & Kirk, 1996, 1998, 2000 b; Dickinson, 2002 and
Trenhaile & aliz, 1999).

De Pippo & Donadio (1999) have recently proposed a
classification of potholes based on morphography but in-
evitably concerning also their genesis. They recognize the
important controlling role of lithology, structure and
degree of jointing, karst and also gradient of coastal
surfaces. Physical-chemical erosion by marine, meteoric
and mixed waters (hyperkarst), climatic conditions, and
coastal wave exposure seem to be the main controlling fac-
tors in the development of different types of potholes (De
Pippo & Donadio, 1999).

With respect to karstic alveols and other coastal weath-
ering features, Mottershead (1993) stated that the main
controlling factor seems to be granular disintegration due
to salt crystal growth and thermal expansion, favoured by
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summer temperatures and wet-dry cycles. Also biological
contributions have been identified as developmental agents.
In fact, the algal content in the waters filling potholes
determines pH variations between day and night and
between summer and winter (Emery, 1946).

Lowering rates due to this kind of weathering have
been calculated by several authors. Emery (1946) calculat-
ed a lowering rate of 33 years per centimetre at the lime-
stone coasts of La Joya (California, USA) and he consid-
ered this phenomenon as a coastal retreat capable agent.

In this coastal stretch, the platform profiles could re-
main mixed cliff profiles like those proposed by Davies
(1972), formed by a combination of subaerial weathering
and wave action. These processes, as wave action does not
seem to be active in the present day, would have had much
more time to erode and shape the coast, especially if we
take into account other periods, for instance the middle
and upper Pleistocene (Trenhaile, 1987). Inherited land-
forms, in this sense, could derive from periods with a
slightly higher sea level, as suggested by the presence of a
relic beach deposit at 5 m a.s.l. above the Tellaro platform
(type D), (fig. 7 A). These facts hold the hypothesis that
this cavity was an ancient doline whose roof and external
wall were destroyed, presumably by wave action, previous-
ly to the deposition of the beach.

Several sea level markers have been found at about 5 m
a.sl. (and also at different heights) in Liguria, most of
them being rock terraces without marine deposits, others
containing deposits and sometimes fauna that have permit-
ted some datings and correlations. Platforms about 7 m
a.s.| at different locations along the coasts of Liguria have
been recognized by Issel (1883) and are considered as hav-
ing formed during the Quaternary. Near the italian-french
border Rovereto (1939) identified a 12 m sea level referred
to the Tyrrhenian, due to the presence of Strombus bubo-
nius fauna, which is a MIS 5.5 marker. Another 7 m high
beach deposit with Strombus bubonius was found by Isetti
& alii (1962) elsewhere in Western Liguria and was attrib-
uted to the Tyrrhenian. Carobene & Firpo (1994) found
two marine terraces near Genova, with their inner margins



Fig 7 - A: relic beach deposit seen from its seaward margin. B: seaward margin of the beach and the erosive scar. C: cemented deposit on the walls
of the cavity (continental breccia). Circles in 7 B indicate the position of the cemented deposit on the surrounding walls.

between 7 and 16 m a.s.l.. Federici & Pappalardo (2006)
recognized in Eastern Liguria (Lavagna) a marine terrace
at 28 m a.s.l. OSL dated to MIS 5.5.

Evidences of MIS 5.5 highstand in Liguria show a dif-
ferent vertical behavior between eastern and western Lig-
uria, with markers slightly uplifted in the eastern area and
remaining at eustatic value in the western one (Ferranti &
alit, 2006). These data, though, are very preliminary;
elsewere in the Italian Peninsula, for instance in Calabria
(Souhern Italy), the lack of correlation between different
sea-level markers along the coast suggests some innaccura-
cies in the models used to interpret tectonic and eustatic
displacements (Pirazzoli & alzz, 1997).

The presence at Tellaro of a beach deposit 5 m a.s.l.
and the existence of platforms at this height (Maramozza,
Maralunga and Mezzana) adds new data for the tectonic

reconstruction of the Apennine Chain and the Ligurian
coasts. Beach deposit and marine terraces in the study area
could represent sea-level indicators; in absence of datings
it is possible that these platforms have mainly been devel-
oped during MIS 5.5 when the sea level was 6+3 m above
the present level (Waelbroeck & aliz, 2002).

We consider inheritance as the conservation of coastal
landforms created during past periods characterized by a
sea level similar to the present one, refering their genesis
to the same agents described above; wave action, weather-
ing and structural control. However, we can also consider
coastal inheritance as the presence of non marine relict
landforms which are at present sea level, as a consequence
of tectonic and eustatic movements. The following expla-
nation shows that both interpretations of inheritance
could be applied to the present study area.
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Inherited coasts have been described by several au-
thors, mainly in recent years. For instance, Blanco Chao &
alii (2002, 2003) and Trenhaile & a/i7 (1999), in a study on
Galician rocky coasts (NW Spain), find outcropping shore
platforms partially sealed by periglacial and fluvio-nival
deposits.

Total lack of inheritance means that present landforms
are still in shaping by active processes since the sea
reached its present level. However, in our study area this
hypothesis is quite doubtful due to the lack of fresh scars
or abraded surfaces on the studied platforms.

The second possible application of the inheritance con-
cept, as mentioned above, implies a non-marine genesis for
someones of the forms observed today on the coast. All
five studied headlands are the result of extensional tecton-
ics that divided the promontory and cut its slopes and val-
leys, so creating this headland-bay landscape. Moreover, as
evidence of this type of inheritance, subplanar surfaces
above the headlands remain as the relic surfaces along the
slopes and the top of the promontory, supporting the idea
that they all formed within a single unique surface which
was successively dislocated by extensional tectonics. In
this way, also part of the studied platforms could be rem-
nants of this phenomenon.

CONCLUSIONS

Studying the complex coastal landforms between Leri-
ci and Tellaro it can be stated that rocky coasts are not the
result exclusively of present day wave action. Taking this
into account, it is necessary to discriminate between con-
trols and specific agents. Structural setting (jointing, dip-
ping, folding), lithological characteristics (differences in
hardness) and inheritance are main control factors that
create the appropriate scenery and favour the action of ac-
tive morphogenetic agents. On the other hand, tectonic
movements, gravity and landsliding, karst and coastal
weathering processes, and wave action, are the main fac-
tors that shape the coast.

It is important also to separate relict processes that
have shaped the coast in the past from those processes that
are currently reworking inherited landforms. At the Mara-
lunga and Maramozza sites, where the whole headland
seems to be the result of extensional tectonics, its concave
profile suggests interaction between wave action and
weathering. At the present day only wave-spray induced
weathering and karst seem to be active, so we can easily
separate controlling factors from active/inactive agents.
Weathering and active wave action could have interacted
in a moment when sea level was 5 m above present one,
which maybe during the peak of the last interglacial, if we
accept that no tectonic movements have occurred since
then in the area.

At the Mezzana and Stelle sites, the difference in resis-
tance between lithological formations above and below the
subhorizontal detachment fault have conditioned the for-
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mation of low dip platforms. Gravity and wave action have
acted on this discontinuity, presumably during a past high-
er sea level period, leading to a significant retreat of the
detachment overlying formation (marls). Also in this case,
sea level at 5 m above present one could cause erosion at
the bottom of the marls.
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