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ABSTRACT - Middle and upper Pleistocene sea level highstands along the Tyrrhenian coast of Basilicata (Southern Italy) - Il
Quatemnario, 4(1a), 1991, p. 173-202 - A research having the purpose of finding out ancient Quatemnary shorelines has been carried
out along the coast of Basilicata. The coast is high, indented, with rare beaches. The slopes are steep and with talus debris and
alluvial fans of different ages at their foot. There are only few small terraces. Caves are very frequent because rocks are prevailingly
limestones and dolomitic rocks. A typical abrasion platform stretches out discontinuously along the coast at elevations less than 10
m a.s.|. Algal biocalcarenites containing Cladocora coespitosa are very common, whose age has been determined using the
U method. The D/L ratio for Glycymeris, Arca and Astralium shows that the transgressive deposits on Cladocora -bearing
biocalcarenites belong to the last interglacial interval. A particular care in studying and describing the stratigraphical and
morphological features of the study area allowed us to distinguish various shorelines, stratigraphically subdivided into pre-
Cladocora, Cladocora and post-Cladocora levels. The study has highlighted some problems regarding the nomenclature and depth of
sedimentation of the Cladocora -bearing biocalcarenites, and the number of sea highstands during Upper-Middle Pleistocene. The
individuation of ancient shorelines allowed some remarks on the recent tectonics of the study area, on climatic variations, eustatic
fluctuations of sea level and, finally, on the coast morphogenesis during Quaternary.

RIASSUNTO - Stazionamenti del livello marino lungo Ia costa tirrenica della Basilicata (Italia meridionale) nel Pleistocene medio e
superiore - Il Quaternario, 4(1a), 1991, p. 173-202 - E' stata condotta una ricerca lungo la costa della Basilicata allo scopo di

riconoscere le antiche linee di riva del Quatemario. Si tratta di una costa alta, frastagliata, quasi priva di spiagge; i versanti sono
ripidi‘e ai loro piedi sono presenti falde detritiche e coni di deiezione di eta diversa. Le superfici terrazzate sono scarse e di limitata
ampiezza; frequenti le grotte marine, in quanto le rocce affioranti sono in prevalenza calcari e dolomie. Una caratteristica piattaforma
di abrasione si estende in maniera discontinua lungo la costa a quote inferiori ai 10 m. Biocalcareniti algali a Cladocora coespitosa
sono molto diffuse ed & stato possibile datarle con il metodo Th230/U234, Mediante I'analisi del grado di racemizzazione degli
aminoacidi di Glycymeris, Arca e Astralium & stato possibile attribuire all'ultimo interglaciale i depositi trasgressivi sulle biocalcareniti
a Cladocora. Particolare cura & stata posta nella descrizione e nella rappresentazione degli aspetti stratigrafici e morfologici delle
localitd esaminate. Sono state cosi riconosciute diverse linee di riva, stratigraficamente suddivise in livelli pre-Cladocora, livelli a
Cladocora e livelli post-Cladocora. Lo studio ha evidenziato alcune problematiche relative alla nomenclatura, alla profondita di
sedimentazione delle biocalcareniti a Cladocora, al numero degli alti stazionamenti del mare durante il Pleistocene medio-superiore. Il
ficonoscimento delle antiche linee di riva ha permesso di trarre considerazioni sulla tettonica recente dell'area, sulle variazioni
climatiche, sulle variazioni eustatiche del livello del mare e, infine; sulla morfogenesi della costa nel corso del Quaternario.

Key-words: Pleistocene, Holocene, geochronology, climatic variations, ancient shorelines, neotectonics, eustatism, Basilicata
Parole chiave: Pleistocene, Olocene, geocronologia, variazioni climatiche, antiche linee di riva, neotettonica, eustatismo,
Basilicata

1. INTRODUCTION With the purpose of distinguishing and interpreting

any evidence of ancient sea levels, a thorough survey of

The Tyrrhenian coast of Basilicata ( Southern ltaly),
between Torre di Mezzanotte and the river Noce-
Castrocucco (Fig. 1), has been studied with the purpose
of distinguishing Pleistocene sea level highstands and
comparing them with the results obtained in contiguous
coast zones.

The sea level highstands have been correlated with
the eustatic sea level changes occurred during Middle
and Upper Pleistocene and with the stages of the
palasoclimatic curves. The obtained results served to
the reconstruction of the neotectonic pattern of this part
of the coast.

(*) Paper presented to the meeting on “"Giomata di studio sui
Terrazzi marini e Linee di Costa pleistoceniche”, Roma, Oct.
16th, 1990.

the sea forms and deposits was carried out. The conti-
nental deposits that might be useful for better determin-
ing the shoreline chronology were also taken into ac-
count. Sampling of deposits and fossil mollusks was car-
ried out both with the purpose of sedimentological and
palaeontological analyses, and age determinations.

A precision altimeter was used in the case of high
(1st-order) terraces. Topographical maps at the scale
1:10,000 and aerial photographs (scales 1:33,000 and
1:10,000) were also used.

"Sea level indicators” were carefully scanned in
order to pracisely determine old sea level stands ( and
thus, their present altitude ). Generally, average sea
level is not evidenced by marine deposits with enough
precision. On the contrary, wave-cut notch and inner
margin of abrasion platforms show it very well. In dubious
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Fig. 1 - Location map of study sites. 1) Torre di Mezzanotte; 2) Acquafredda Nord; 3) Acquafredda Sud; 4) Cersuta-Fosso Pisciotta: 5)
Cersuta-Capo la Nave; 6) Ogliastro; 7) Torre del Porto; 8)-Punta della Matrella; 9) Marina di Maratea Nord; 10) Marina di Maratea Nord:
11) Punta ludia; 12) Capo la Secca; 13) Porticello di Castrocucco.

Posizione geografica delle localita esaminate. 1) Torre di Mezzanotte; 2) Acquafredda Nord; 3) Acquafredda Sud: 4) Cersuta-Fosso
Pisciotta; 5) Cersuta-Capo la Nave; 6) Ogliastro; 7) Torre del Porto; 8) Punta della Matrella; 9) Marina di Maratea Nord: 10) Marina di

Maratea Nord; 11) Punta ludia; 12) Capo la Secca; 13) Porticello di Castrocucco.
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Fig. 2 - Acquafredda alluvial fans. 1) waste soil; 2) rock fall; 3) Wiirmian alluvial fans; 4) Cladocora-bearing biocalcarenite; 5) pre-

Cladocora alluvial fans.

Conoidi di deiezione di Acquafredda. 1) terrenc di risulta; 2) frana di crollo; 3) coni di deieziene wirmiani; 4) biocalcarenite a

Cladocora; 5) coni di deiezione pre-Cladocora.

cases, the elevation of the cld sea level highstands has
been indicated as greater or |esser than that of the mor-
phological element taken into account (Table 3).

No surveys were carried out on those parts of the
coast which could not be easily reached from the land
and on large marine caves which are very difficult to
explore. However, the about 20 kilometres of surveyed
coast have been studied well in 13 localities (Fig. 1)
where tens of cross-sections — some of them shown in
this paper — were made.

Recognition and definition of old sea level high-
stands were hindered by the diversity and discontinuity
of morphological and sedimentological features of an-
cient shorelines together with their difficult
interpretation, correlatien and age determination.

Moreover, a precise separation between shorelines of
different age was prevented by the slight uplift occurred
in this part of the coast, so that various shorelines can
be confused with one another.

U-series age determinations on specimens of
Cladocora coespitosa and D/L ratio determinations on
various mollusks (Glycymeris, Arca and Astralium ) were
carried out. Obtained ages conform to field data and
have been used for a chronclogical comparison with con-
tiguous coast zones (Brancaccio et al., 1990; Carobene
et al., 1986; Carobene and Dai Pra, 1991).

Studies on the Quaternary of the study portion of
coast are scarce. A few information on ancient shore-
lines are found in Bousquet (1973), Compagnoni and
Damiani (1971), Damiani and Pannuzi (1979) and in Lirer
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Fig. 3 - Landscape of the northern coast (between sections 1 and 8). In the background, the Cersuta detritic slope, Acquafredda,

steep rocky cliffs, and structural surfaces dipping seawards.

Aspetto della costa settentrionale (tra le sez. 1 e 6). In secondo piano il versante detritico di Cersuta; sullo sfondo, oltre
Acquafredda, ripidi versanti in roccia e superfici strutturali inclinate verso mare.

et al. (1967). Data on elevation and age are however
scarce or even lacking.

A general sketch of the Quaternary tectonic
evolution is given in Ciaranfi et al. (1983), Palmentola et
al. (1981) and in the Neotectonic Map of ltaly (1987).

2. MORPHOLOGICAL AND GEOLOGICAL
LINEAMENTS

2.1 General morphological features

The study coast portion is an indented very steep
up to vertical high coast with small promontories and
bays, and with very few beaches (Fig. 1). It is very
different from the Calabrian coast on the south of Noce-
Castrocucco river characterized by terrace flights_and
wide gravel-sandy beaches.

This cliff morphology would not be a recent charac-
ter but, as suggested by Damiani and Pannuzi (1979) it
would have characterized Pleistocene in its whole. In our
opinion, it is indeed the consequence of the strong sub-
sidence occurred in the Sapri basin during Quaternary
and of the contemporaneous uplifting of the inland area
between Sapri and the river Noce (see § 2.3).

Slopes are for the most part steep with an average
inclination (from the watershed to the shoreline) ranging

up to 25°-35°. The watershed streiches from north to
south at elevations between 500 and 1,500 m at a dis-
tance from the coast ranging from 1,200 to 4,000 m.

Along the coast there are wide talus covers at the
slopes toe, and alluvial fans at the valleys mouth. At
least two generations of breccias can be distinguished
as based on their cementation degree and stratigraphical
relationship (Fig. 2). At present, the breccia deposits are
largely truncated seawards and cut through by water
courses (Fig. 3).

The trend of streams is strongly conditioned by the
bedrock carbonatic nature, the slopes inclination, tec-
tonics and stratification. In particular, they are steep and
deep in the study area northern sector; whereas they
display an angulate drainage pattern on the south of Ma-
ratea. There are no water courses on Serra Castrocucco.

Maratea valley is worth mentioning because it is
characterized by deep gravitational deformations of the
sackung type in the calcareous-dolomitic slopes of the
Maratea mountains, and by the sliding of large calcare-
ous-dolomitic blocks and alluvial fans (Guerricchio ef al.,
1987). Guerricchio et al. do not give information about
when the sliding phenomena started, while recent activity
is well documented. In our opinion the sackung genesis
may be attributed to the beginning of the pleistocenic
uplift of the area (Ch. 6).
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Table 1 - Analytical data and U-series ages of the Cladocora coespitosa specimens collected in the study area (Y2 shoreline) and at
Grotta del Prete, 8 km on the SE of Nace river. The analyses were provided by M. Gewelt and C. Hurtgen (CEN/SCK, Mol. Belgium).

Dati analitici ed eta ottenute col metodo Torio-Uranio su Cladocora coespitosa raccolta nell'area in studio (linea di costa Y2) e a
Grotta del Prete, 8 km a SE del fiure Noce-Castrocucco. Le analisi sono state effettuate da M. Gewelt e C. Hurtgen (CEN/SCK, Mol,

Belgio).
Location Elev.| Sample ] 234y238y | 234y238y), | 230Th | 230Th/234y Age
232Th

m No. (ppm) (kyr)
+196

Grotta d. Prete 15 | LB 96 |2.272+0.055| 1.111£0.038 | 1.283:0.380 |340:54| 0.986x0.030 | 329
64
+26

Punta d. Matrella | 12 | LB 110 |2.686:0.063] 1.111%0.037 | 1.182+0.079 |126x14| 0.804£0.027 | 172
20
+44

M. di Maratea N 3.6 | LB 111 {2.695+0.068| 1.105:0.039 | 1.189+0.106 34052} 0.866:0.029 | 208
-29
+23

Cersuta C. la Nave | 2.5 | CER3 |2.768£0.072| 1.091£0.040 | 1.143x0.077 |535£99] 0.774£0.026 | 159
-17

Terrace surfaces along this portion of the coast are
few and of limited extent; their elevation is never higher
than 50-60 m a.s.l. Terraces (some of which interpreted
as of marine origin, see Ch. 3) can be seen near
Acquafredda, Cersuta, Punta Ogliastro, Punta della
Matrella, Timpa Tenaglia and Capo la Secca. Damiani and
Pannuzi (1979) say that there are terraces also within
the Maratea large sackung; for suich reason, we have not
considered these terraces for this study.

2.2 Morphological features of ancient
shorelines

Traces of old sea stands are visible well only below
the elevation of 15 m above sea level. The most conspic-
uous morphological element is the presence of an abra-
sion platform, from a few metres to 40-50 m wide, that is
high on the sea up to about 9 m. The occasional pres-
ence of fossils on its surface made it possible to date the
platform (see Tables 1 and 2). There are also many ma-
rine caves that may be either totally emersed or
drowned, which have been studied only partially;
however a more thorough study of them is worth being
carried out because they represent sea stands of
various age and elevation.

When cliffs are formed of the carbonatic rocks of
the mesozoic bedrock, both the present wave-cut notch
and the old one can be present at their base; the height
of the notches is always less than 1 m. It may occur that
the cliff wall may display an horizontal notch at a height
more than 1-2 m; in this case, it may be the trace of a
broken out marine cave (see, footnote 1). Because
notches may have various origin and form (Pirazzoli,
1986; Ozer et al., 1987), they may not be always a
precise evidence of sea stand. In the case of true wave-
cut notches, the methodology proposed by Carobene
(1972) has been adopted.

Ancient shorelines can be distinguished not only by
means of the above mentioned forms, but also through
the analysis of littoral deposits, such as a biocalcarenite
with Cladocora coespitosa which is the most important
and widespread deposit in the study area. This biocal-
carenite has been dated with the 230Th/234U method ap-
plied to specimens of Cladocora sampled in several
places (Table 1). Thus, it has been a precious key bed
for the chronology of shorelines.

The more than 300,000 yr old B.P. organic deposits
of Peninsula Salentina called "Calcari bioclastici®
(bioclastic limestone) (Dai Pra and Stearns, 1978) can
very well be associated with the Cladocora-bearing bio-
calcarenite of our study area both because of its age,
stratigraphic position and facies affinity: the deposits
occur immediately before the Strombus bubonius hori-
zon. Other deposits (conglomerate, sandstone, cal-
carenite) are described in Ch. 3; however, they never
show the precise level of the old sea stand, and are use-
ful for environment considerations.

Finally, continental breccias are of particular
bearing because their deposition occurred during glacial
periods alternating with marine and littoral sediments of
the interglacial periods.

2.3 Lineaments of geology and neotec-
tonics

Platform carbonate sequences formed mainly of 1)
Early Lias-middle Trias stratified or massive dolomite and
dolomitic limestone which has a blackish colour fading up
towards the top of the series, and which contains clay in-
tercalations; and subordinately of 2) blackish limestone
with grey dolomitic intercalations of early Cretaceous-
Titonic (Sh. 220 "Verbicaro” and Sh. 210 "Lauria” of the
Geological Map of Italy). Such carbonatic sequences
form the "cover units of southern Apennines, affected by
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orogenic transport during Burdigalian and Langhian
times” (C.N.R., Synthetic structural-kinematic map of
Italy, 1989).

Carbonatic units are strongly tectonized, both as a
consequence of the compressive phases giving rise to
the southern Apenninic chain in Miocene times
(Pescatare, 1982), and of the extension tectonics in
Pliocene-Pleistocene associated with the isostatic
upliting of the chain itself (Neotectonic Map of Italy,
1987).

3. STRATIGRAPHICAL AND MORPHO-
LOGICAL FEATURES OF THE STUDY
SITES

Data collected in the various localities can not im-
mediately compared to and correlated with one another
because of the marked variability of morphological and
altimetric features of the sea level stands evidence
along the Tyrrhenic coast of Basilicata. In this chapter
identified shorelines will be described separately,
whereas a general discussion will be presented in the
conclusions chapter.

A point by point description is preferable also be-
cause of the complexity of the coast, the presence of
cliffs, the difficulty in reaching from the land the
Quaternary deposits which outcrop a few metres above
sea level. Thus, we could not describe without interrup-
tion the whole coast; all the available elements were
analysed, anyway.

Both marine and continental deposits and forms
have been considered; the various features are shown in
sections 1 through 13. The correlations between the
various localities has been made easier: 1) by the pres-

ence of Cladocora-bearing biocalcarenite whose
outcrops in the more southern portion of the coast have
already been described (Carobene et al., 1986;
Carobene and Dai Pra, 1991); 2) by the presence of a
typical abrasion platform and associated deposits that
was formed after the sea stand corresponding to the
deposition of the Cladocora-bearing biocalcarenite; 3) by
the superposition of slope breccia deposits often
including Helix-bearing silt layers and pyroclastic
materials over the abrasion platform (Fig. 4). These latter
can be correlated with the pyroclastic horizons of Wiirm
age according to Lirer et al. (1967) on the basis of
physico-chemical analyses and stratigraphic
correlations.

To recognize such relative chronology has made
possible to get over the difficult interpretation due to
variable elevations, forms and deposits in the various
sections. Radiometric age determinations (U-series on
Corals) and the D/L ratio on fossil mollusks confirmed the
field results.

Cladocora coespitosa from the above mentioned
biocalcarenite has given U-series ages ranging from 159
to 329 kyr (Table 1), which suggest that the Cladocora-
bearing biocalcarenite did not form during the last inter-
glacial period. It is well known that the main sea level
highstand in the last interglacial period dates back to 124
kyr B.P. (Broecker and Denton, 1990). So, the Clado-
cora-bearing biocalcarenite was deposited during
previous interglacial periods (Dai Pra and Stearns, 1978:
Carobene et al., 1986). Variability in age data depends
upon sample conditions, namely upon coral recrystal-
lization and opening of the system favouring decrease in
U concentration. As far as problems connected with the
method are concerned, see Gewelt in Carobene et al,
(1986).

Table 2 - Isoleucine epimerization ratios (D/L) for Glycymeris, Arca and Astralium shells from raised marine deposits in the study

area. Glycymeris ratios in brackets are derived from Arca and Ast
1.31; Gly/Astralium = 0.71. See Hearty ot al, 1986. Aminozone E
by the INSTAAR Amino Acid Geochronology Laboratory (Colorado

alium ratios converted to Glycymeris equivalent ratios; Gly/Arca =
corresponds to the last interglacial period. Analyses were provided
University).

Valori dell'epimerizzazione dell'lsoleucina (D/L) su Glycymeris, Arca ed Astralium provenienti da depositi marini dell‘area in studio. |
valori su Glycymeris fra parentesi quadre derivano dal rapporto Gly/Arca e Gly/Astralium di 1,31 e 0,71rispettivamente. Si veda
Hearty et al., 1986. L'Aminozona E corrisponde all'ultimo interglaciale. Le analisi sono state effettuate da INSTAAR, Amino Acid

Geochronology Laboratory (Colorado University).

ISOLEUCINE  EPIMERIZATION
Sample Location Elevation| Glycymeris Arca Astralium | AMINOZONE
No. m D/L D/L D/L
LBX1 Acquafredda 5.50 0.437(4) E
LB113 M. di Maratea Sud| 5.00 [0.35] 0.497(4) E
LB115a | M. di Maratea Sud| 9.30 [0.42] 0.318(3) E
LB115b | M. di Maratea Sud| 9.30 [0.40] 0.305(1) E
LB126 M. di Maratea Sud| 9.00 [0.43] 0.327(4) E




Fig. 4 - Marina di Maratea (sect. 10). Brown muddly layer at the
base of the breccia deposit (Sb) covering the inner margin of the
Eutyrrhenian abrasion platform. Propably, it is a reworked eolic
deposit containing fine-grained sand, small fragments of marine
shells, pyroclastic materials, and unbroken Helix shells.

Marina di Maratea (sez. 10). Livello limoso marrone alla base
delle brecce (Sb) che coprono il margine interno della piatta-
forma di abrasione eutirreniana. Si tratta propabilmente di un
deposito eolico rimaneggiatd, che contiene sabbia fine, piccoli
frammenti di gusci marini, materiale piroclastico e gusci interi di
Helix .

Aminoacid analyses of the deposits that are trans-
gressive over the Cladocora-bearing biocalcarenite have
given D/L ratios close to 0.40 (Table 2) falling within the
aminozone E, which corresponds to the equivalent
results obtained for mollusks from the Eutyrrhenian
classical deposits of Tunisia, Spain and ltaly, if the
different local mean annual temperatures (MAT) at the
different latitudes are taken into consideration (Hearty et
al., 1986; Miller et al,, 1986). Thus, we can say that the
above mentioned sediments emplaced during the last in-
terglacial period — probably during the main peak —
even if there are not comparison radiometric ages and if
morphostratigraphic and lithostratigraphic relaticnships
are taken into account.

Therefore, 13 sites from north to south will be de-
scribed hereafter; it is to keep in mind that the illustra-
tions show actual sections and, thus, they do not explain
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Fig. 5 - Heterometric conglomerate covering a wave-cut platform
relic 45 m a.s.l. at Torre di Mezzanotte (sect. 1). The mainly
carbonatic clasts are well rounded (W-order terrace in Table 3).

Conglomerato eterometrico che copre un relitto di piattaforma di
abrasione a 45 m di quota, in localita Torre di Mezzanotte (sez.
1). | clasti, in prevalenza carbonatici, sono molto arrotondati
(ordine W di Tabella 3).

all the features mentioned in the text and all the data
givendn Table 3.

3.1 Torre di Mezzanotte

a) Marine forms and deposits

- At km 220 of the State Route no.18, it can be seen the
inner margin of a marine terrace at about 45 m elevation
a.s.l. The abrasion surface cut into layered grey lime-
stone is still covered by a conglomeratic deposit with
well-rounded heterometric pebbles, whose top is re-
worked and covered by slope breccia. The small
promontory on the south where Torre di Mezzanotte is
located, is probably a relic of such terrace.

- A wave-cut notch is visible at 14 m a.s.l. (maximum
retreat point) (Figs. 6 and 7). The relics of Cladocora-
bearing biocalcarenite at el. 12 m a.s.l., Lithodomus
holes at el. 7.8 m a.s.l. and some large caves (however
not surveyed) opening at elevations below 15 m a.s.l.
testify this sea level stand.
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Table 3 - Chronology and correlation of the sea level highstands. T) marine terrace; P) wave-cut platform; C) sea cave; N) wave-cut

notch; H) Lithodomus holes; Co) marine conglomerate; D) beach deposits; Cl) Cladocora-bearing biocalcarenite.

Cronologia e correlazione degli alti livelli di stazionamento del mare. T) terrazzo marino; P) piattaforma di abrasione; C) grotta marina;

N) solco di battente; H) fori di litodomi; Co) conglomerato; D) deposito di spiaggia; Cl) biocalcarenite a Cladocora.

CHRONOLOGY MIDDLE PLEISTOCENE UPPER PLEISTOCENE HOLOCENE
ISOTOPIC STAGE 21 - 13 ? 11 -9-7 S5e 5a/c? 1
STRATIGRAPHY PRE-CLADOCORA CLADOCORA POST CLADOCORA

SEA LEVEL STANDS SEA LEVEL STANDS SEA LEVEL STANDS
ORDERS .

SITES W (m) X (m) Y2 (m) Y1 (m) 22 (m) Z1 (m) H (m)
1 Torre di Mezzanotte ~45CoT 14N >7PC 500NP

(12 Cl) (5.30 D)
2 Acquafredda N ~15NH 690NP

(9.30 CI) (5.50 D)
3 Acquafredda S (6.00 CI) >600DP
4 Cersuta Pisciotta 14-15 H >6.40P 5.00 N Co

: (8.60 Ci)

5 Cersuta Capo la Nave ~50T |20-25 TCo| (4.50 Cl) >500DP >1.70 D
6 Ogliastro ~55T (8.50 Ci) >560 P <3.80C Co
7 Torre del Porto 1620N | 115HN ~8.00 P

(8.00 CI) (8.00 D)
8 Punta della Matrella ~55Co T {20-25 T Co 215T P11.5HNCo] ~8.00DCH

{14.30 Cl) H

9 Marina di Maratea N 10.50 P CI 2865P |55DC HN
10 Marina di Maratea S (9.30 CI) 2930DP
11 Punta ludia ~18.00H P ~9.50 P

(14 C
12 Capo la Secca 250 T (13.50 Cl) ~3.00DN
13 Porticello Castrocucco | 4scoH | 23 CH i2¢C 950D CN

- A large abrasion platform never higher than 7 m a.s.l.  §6.2).

and wide up to 20-30 m, cuts dolomitic limestone dip-
ping seawards and the Cladocora-bearing biocalcaren-
ite. This latter deposit is still visible as scattered strips
on the abrasion surface (Figs. 6 and 8). A groove or
cave at elevations 5.5 to 7 m a.s.l. (Fig. 8) can be
ascribed to the formation of the abrasion platform.
Another wave-cut platform joined to a wave-cut notch
at 5. m a.s.l. (maximum retreat point) (Fig. 8) cuts the
above mentioned platform in many places and is par-
tially covered by a 50 cm thick cemented conglomerate
which turns, towards the top, into a coarse-grained
yellow-pink biocalcarenite.

b) Continental forms and deposits

At the slope toes there are stratified cemented

breccia deposits (dip = 25°) which locally cover the plat-
form inner margin. Such breccia deposits are what is left
of a deposit filling the valley upstream and overlying the
above mentioned wave-cut platforms. The deposit has
mostly been destroyed by the sea and river erosion. The
situation is that typical of many other studied areas (see

3.2 Acquafredda Nord

a) Marine forms and deposits
- Lithodomus holes and wave-cut notches are visible on

the walls of broken marine caves at 15 m a.s.l. The
Cladocora deposit is widespread and is locally cut by a
wave-cut platform (see infra ); elsewhere, it is still visi-
ble as relic strips up to 9.30 m a.s.l. Also in this case
(such as in section 1) Cladocora-bearing biocalcarenite
may be associated with the presence of a notch at a
higher elevation. The difference in elevation between
this deposit and the notch correlable with it, is constant
in all outcrops (see Ch. 4, and § 5.2). At Acquafredda
Nord, the bedrock underlying the Cladocora-bearing
biocalcarenite is formed of the "old breccia™ deposit
(Figs: 9 and 10).

A wide abrasion platform cuts both the "old breccia”
bedrock and the Cladocora-bearing biocalcarenite (Fig.
9). The inner margin of the platform is locally covered
by a recent alluvial fan deposit that is truncated by a
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Fig. 6 - Wave-cut notch at el. 14 m a.s.l. corresponding with the sea level stand during which sedimentation of the Cladocora-bearing
biocalcarenite occurred. The lower (Z2) sea level stand almost totally eroded the Cladocora-bearing biocalcarenite giving rise to a
wide abrasion platform, notches and grooves. Legend - Marine deposits: sandstone or calcarenite (fs = fossiliferous sandstone; cs =
coarse-grained sandstone; os = organic sandstone; Is = laminated sandstone); 2) conglomerate (fco = fossiliferous conglomerate;
¢cco = coarse-grained conglomerate; sco = stratified conglomerate); 3) Cladocora-bearing biocalcarenite (bc). Continental deposits: 4)
recent stratified breccia (rb); 5) old alluvial fan breccia (ab); 8)silty colluvium (mc); silty colluvium with Helix shells (mcH); 7) layer of
fine-grained pyroclastic materials; 8) calcareous incrustations; 9) Lithodomus holes; 10) carbonatic bedrock. N.B. - This legend is .
valid also for section 1 through 12.

Solco di battente a 14 m corrispondente allo stazionamento marino durante il quale si 6 deposta la biocalcarenite a Cladocora. Lo
stazionamento marino pit basso (Z2) ha eroso quasi completamente il deposito a Cladocora formando un'estesa piattaforma di
abrasione, solchi o grotte. Legenda - Depositi marini: 1) arenarie o calcareniti (fs = arenarie fossilifere; cs = arenarie grossolane; os =
arenarie organogene; Is = arenarie laminate); 2) conglomerato (fco = conglomerato fossilifero; cco = conglomerato grossolano; sco =
conglomerato stratificato); 3) biocalcarenite a Cladocora (bc). Depositi continentali: 4) breccia stratificata recente (rb); 5) breccia di

cono di deiezione antico (ab );:6) colluvium limoso (mc); colluvium limoso con Helix (mcH); 7) livello di piroclastite fine; 8) crosta
calcarea; 9) fori di litodomi; 10) substrato carbonatico. Questa legenda vale per tutte le sezioni (da 1a 12).

high cliff seawards. Where the erosion of the recent
alluvial deposit has been deeper, the exhumed wave-
cut notch (on the platform inner margin) is visible. The
maximum retreat point is at 6.90 m .s.l. (Fig. 9). The
exhumed deposits overlying the wave-cut platform
consist of a conglomerate which turns laterally and up-
wards into a sand with Glycymeris (sampled for the D/L
ratio analysis), Astralium and Spondylus (Fig. 11).

b) Continental forms and deposits

- The coast sector including Acquafredda and
Rotondella promontory (Fig. 1) is characterized by a
strongly cemented "old breccia” deposit. The
corresponding alluvial fans (Fig. 2), today partially de-
stroyed by sea erosion and weathering, have been
identified by means of aerial photographs. The "old
breccia” alluvial fan is formed by large limestone and
dolomite subrounded clasts up to 50 cm (rarely 100 cm)
in diameter which are immersed in a heterometric

breccia formed of clasts a few centimetres in diameter
joined to one another by a reddish cement (Fig. 12).
More information on their origin and age can be found in
Ch. 6.

A recent poorly cemented and badly stratified breccia
deposit (younger than the wave-cut platform) with hori-
zons displaying various occasionally classed and
washed-out grain-sizes, and rubified colluvial horizons
is also common there; a 5 to 10 cm thick pyroclastic
layer is worth noting. In the past, breccia deposits
formed alluvial fans and talus debris which are today
partially demolished by erosion.

3.3 Acquafredda Sud

a) Marine forms and deposits
- A Cladocora-bearing biocalcarenite deposit overlying

an uneven bedrock formed by a dolomitic limestone,
terminates with a wave-cut platform at 5-6 m a.s.l. and
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Fig. 7 -Wave-cut notch 14 m a.s.l. at Torre di Mezzanotte (see Fig. 6). This sea level highstand corresponds with the deposition of the

Cladocora-bearing biocalcarenite.

Solco di battente a 14 m in localita Torre di Mezzanotte (vedi Fig. 6). Questo stazionamento marino corrisponde alla deposizione della

biocalcarenite a Cladocora.

forms a slab up to 2 m in thickness. Toward the bottom,
the biocalcarenite fades into a heterometric conglom-
erate with rounded clasts (Fig. 13).

- The portion of coast on the south of Rotondella
promontory (Fig. 2) is formed by a wide and well-pre-
served abrasion platform, whose inner margin is cov-
ered by recent alluvial fans truncated on their front. On
the south of section 3 on the contrary the coast is
formed of high limestone cliffs and badly preserved
strips of wave-cut platforms. In the case of Rotondella
we deal with a "exhumed platform”; in the second case,
with "platform relics™.

The abrasion platform cuts both the bedrock lime-
stone, Cladocora-bearing biocalcarenite and, locally,
also the "old breccia" deposit. The platform elevation is
around 5-6 m a.s.l. Its maximum elevation cannot well be
measured anyway because of the presence of alluvial
fans (Fig. 13).

3.4 Cersuta - Fosso Pisciottia

a) Marine forms and deposits

- The Cladocora-bearing biocalcarenite deposit is trun-
cated by a wave-cut surface, and cannot be found at
elevations higher than 8.6 m a.s.l. lts thickness ranges
up to some metres. This deposit overlies a stratified
highly fractured dolomitic rock, the contact between

the two formations being uneven. The Lithodomus
holes visible up to 14-15 m a.s.l. and the Cladocora-
bearing biocalcarenite could represent the same sea
level highstand.

The very wide wave-cut platform whose inner margin is
hidden by slope breccia deposits (Fig. 14) can be seen
up to the maximum elevation of 6.40 m a.s.l., cutting
both the Cladocora-bearing biocalcarenite and the
bedrock dolomite.

Wave-cut notches whose maximum retreat point is at 5
m a.s.l. (Figs. 15 and 16) Are well visible, and are re-
lated to small abrasion surfaces cutting both biocal-
carenite (Fig.