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Dating deepest Mediterranean submerged speleothem (Capo
Palinuro, Italy): biological and Holocene sea-level considerations

Datazgione del pin profondo speleotema sommerso campionato nel
Mediterraneo (Capo Palinuro): consideragioni biologiche

sul liwello del mare olocenico

ApstRacT — A stalagmite, sampled at 48 m water depth
(Capo Palinuro, Italy) is up to now, the deepest speleothem
collected, studied and dated of the Mediterranean Sea. A pun-
tiform target (a date mussel shell) from the speleothem has
been "C dated. The particular ecology of the boring bivalves,
such as Lithophaga lithsphaga, allows their use as puntiform
marker of the submersion of the sample site. The '*C date
(10,253 £ 72 years BP) is in full agreement with previous ana-
lyses carried out on similar samples from shallower sites, allo-
wing a more precise reconstruction of the sea level changes
during the last 10,000 years. Evidences of a wvariable rate of
sea level ascending during the Holocene address to the biolo-
gical implications of very rapid phases of sea level changes vs.
period of stasis or very low change rate,

Key Worp: sea-level rise, Holocene, submerged speleot-
hems.

Riassunto — In una grotta sommersa di Capo Palinuro
(complesso della Scaletta-Punta Iacco) € stata campionata una
stalagmite, a 48 m di profondita. Si tratta attualmente dello
speleotema raccolto alla maggiore profondita nel Mediterraneo.
E stata datata una conchiglia fossile del mollusco bivalve fos-
sorio Lithophaga lithophaga prelevata dallo speleotema, ritenura
un buon marcatore dei primissimi stadi di immersione dello
stesso. Il dato (10.253 £ 72 anni BP) & ampiamente coerente
ed in accordo stratigrafico con precedenti datazioni effetruate
su analoghi campioni provenienti da quote pit superficiali della
stessa grotta. Le evidenze di variazioni nel tasso di ascesa del
mare nell’Olocene, comportano notevoli implicazioni biologiche
legate alle fasi di rapido cambiamento del livello matino con
periodi di stasi o di cambiamento molto lenti. La radiodatazione
viene discussa e comparata con numerosi altri riferimenti cro-
nologici provenienti sia dal Mediterraneo che da altre zone.

Parore Cuiave: livello del mare, Olocene, speleotemi som-
mersi.

ANTONIOLI F. (*), OLIVIERO M. (**)

1. — INTRODUCTION

The Capo Palinuro promontory, formed by Me-
sozoic limestones, though of limited extension, is
characterized by a large presence of karstic cavities,
mostly located below the sea-level. The present in-
tense karstic phenomenon in the area has been ex-
tensively studied by Guiba ef /77, (1981), Muscio
& SELLO (1993), Arvist e/ afii (1994) and ANTONIO-
L1 & FERRANTI (1994). In this framework the hy-
pothesis on the speleogenesis of two distinet sets
of submerged caves is here summarized. The most
shallow water caves (0-20 m water depth) developed
with a basal level a little lower than the present
one, when the cape yet had acquired the present
configuration (Middle Pleistocene). The deeper wa-
ter caves (20-50 m water depth) according to their
dimension and morphology, should have required
water masses definitely incompatible with the pre-
sent hydrogeological pattern of the promontory.
The origin of the caves of this group should be
referred to a preceding time (the end of the Lower
Pleistocene). At that time a hydrogeological palaco-
connection with the carbonatic Bulgheria massif
(now interrupted by the Lambro and Mingardo
rivers) did exist, with such a disposal of water as
to allow the development of the observed phreatic
karsism of the deeper caves.

(*) Department of Environment, ENEA Casaccia. Via Anguillarese 301, 1-00060 Rome, Italy
(**) Department of Animal and Human Biology, “La Sapienza” Rome University 1. Viale dell'Universita 32, 1-00185 Rome, Italy.
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Fig. 1 — The Scaletta and Punta ITacco cave complex (Palinuro, Italy): location map and profile.
17 complesso delle grotte Scalefta ¢ Punta lacco (Palinuro, Italia) : carta della localizzazione ¢ profilo.

2; — THE COLLECTING SITE

The caves “Scaletta” and “Punta Iacco” (fig 1),
described in the present volume but still not com-
pletely explored, show similar direction and accor-
ding to their morphology and depth, it was presu-
mable the existence of a single submerged complex.
During a sutvey aimed also to the location of deep
speleothemes, the connection between the two cavi-
ties has been verified. The caves showed similar
morphology and speleogenesis. They consist of a ba-
se level at 42-52 m water depth, with a suborizontal
phreatic tube. The whole gallery (ca. 75 m long) is
comptised between 42 and 51 m water depth. The
base level is at an average of 50 m with a variable
section (an average width of 3 m and an height of
3-9 m). The ground floor is encrusted by a reincised
alabastrine cover and with a final deposition of sta-
lagmites of remarkable sizes (up to 50 cm diameter).
We hypothesize an initial formation with a very low
base level (accounting to the high potential energy
of the fresh water layer stratum, capable to create
the large tubes). In a second time the stratum de-
creased the flow, becoming a water drop that, rather
than abrading, started the deposition. This phase
started with the alabastrine cover of the ground

floor, followed by the building of the speleothemes,
When in a successive time, the erosive processes
became newly dominant, a channell was incised on
the alabastrine cover. The tube communicates with
the higher base levels of the northern side (opening
at 12 m water depth with an abraded gallery) by
sub-vertical shaft. The lower base level also opens
at sea presently on the southern side, This exit bears
strong evidences of sea stationing (uncemented beach
conglomerate, notch, holes of date-mussels). Presen-
tly, the very opening is completely abraded by the
sea energy action. The presence of the beach con-
glomerate, the notch and of the date-mussel holes
confirms a long time stasis of the sea level at ca.
45-48 m of present water depth.

3. — MATERIAL AND METHODS

In the cave complex “Scaletta-Punta lacco” two
stalagmites have been searched for, located at 47
and 48 meters water depth respectively, and sam-
pled (fig 2). Sampling was performed by SCUBA
diving on July, 7th and 10th 1994, during the ac-
complishment of the preliminary survey of the cave
complex. Elevations were measured by a digital
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Fig. 2 — Sampling submerged speleothems in the Scaletta and Punta lacco cave comples.
Operazioni di campionamento degli speleatemi nel complesso della Scaletta- Punta Iacco.

depth gauge (£ 0.1 m), corrected for water density.
The speleothemes have been selected among others
present in the cave according to their position, size,
and the presumable size of the encrusting organo-
genic layers. Formerly, two stalactites had been
sampled in the same cave complex (Scaletta portion)
at 21 and 41 m respectively. Data from that samples
have been used for compatison.

The benthic community (present and fossil)
producing the organogenic encrusting layers on
the speleothemes, has been studied, in otder to
identify the dominant organisms, and the structure
of the community itself. A continuous sample of
the encrusting layers on the 48 m speleothem has
been ''C dated: that is the activity has been sum-
med of the carbonatic skeletons of all layers from
the interior one to the extetior one. A mathemati-
cal model developed to this aim (ALESSIO ef alii,
1992), allowed to estimate the deposition starting
point, assuming a constant rate of deposition of
the organogenic material by the community, and
nearly no effect of erosion (either mechanical or
biological).

The presence of date mussel (Lithophaga lithop-
haga) shells has been detected, after cutting longitu-
dinally the speleothemes (figs 3 and 4). The ecology
of the date mussel (sce below) allows the use of its
fossil submerged rests as good markers of land
submersion during custatic sea level change. A date
shell was sampled in the 48 m speleothem, in a hole
entirely comprised in the continental core, and sea-
led by the successive encrusting layers. The carbo-
natic shell has been *C AMS dated in 1994, from
the National Ocean Sciences, Woods Hole Oceanographic
Instituition USA.

4. - RESULTS

4.1. - THE BENTHIC COMMUNITY

The Recent benthic community settled on the
speleothem consists exclusively of animals, due to
the absolute lack of light. In such an aphotic envi-
ronment, the sessile community is composed by
Porifera, Cnidaria, Annelida, Mollusca, Brachiopo-
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Fig. 3 — Longitudinal section of - 48 stalagmite sampled in the Scaletta and Punta lacco cave complex (note the hole of date mussels).
Sezione longitudinale della stalagmite dei - 48 m campionata nel complesso della Sealetta- Punta laceo (notare il foro del bivalve fossoria).

da and Bryozoa. The structure of the communities
scttled on submerged speleothemes is controlled
by a complex of factors. Due to the trophic habits
of the involved organisms (all are filter feeders
sensu lato), the dominating factor is the hydrody-
namism (OLIVERIO, 1992). In the sampled speleot-
hemes (47 and 48 m water depth) the living com-
munity was dominated by Bryozoa Gymnolemata.
The following species was identified: Calpensia no-
bilis, Scrupocellaria serupea, Escharina sp., Trypostega
venusta. The last species was the major component
of the living community. Nearly all the animals
encountered in the living community leave, and
left, rests of their skeletons on the speleothem,
resulting in a series of encrusting layers of orga-
nogenic material (mainly CaCOs, plus a minor
fraction of other more degradable materials). Evi-
dences of the structure of the fossil communities
have been searched for in the inner layers of en-
crusting organogenic materials till to the continen-
tal carbonatic core of the speleothem. Bryozoan
rests continue to be the major component, but an
increasing presence of polychaete tubes was noti-

ced in the proximal (older) layers. Obviously, cau-
tion must be used in such cases, since differential
degradation of rests of other organism cannot be
excluded, as well as bioerosion phenomena could
have altered the pattern. Anyway, caves (and espe-
cially their inner portions) are commonly conside-
red stable environments, and there is little ground
to think that communities very different from the
living ones, have been supported by the speleot-
hem during its submerged life. An exception can
be found in the distribution of a bivalve mollusk,
i.e. the date mussels (Lithophaga lithophasa Linné).
This bivalve settles only on calcareous rocks, from
low tide level, usually to no more than 20 m water
depth, with a net preference for the first meters
(till to 1600 specimens per square meter at 0—2
m). It invariably and continuously bores holes on
the substrate. Growth is relatively slow (according
to KLEEMAN 1973a, 8 cm are attained in 80 years).
Our sample contains only specimens of less than
4 cm, addressing to an age of the date mussels of
no more than a few tens years at the moment of
their death. Settling on the definitive substrate is
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at the larval (veliger) stage, preferably on nude
substrates (it is considered a pioneer species) ot in
empty cavities of dead and removed specimens (JAC-
CARINI ¢ afii, 1968; KLEEMANN, 1973b). These
aspects of its ecology, make the fossil rests of the
date mussel, good marker of the sea level changes.
Already Lyell (1877) discussed the geological im-
plications of the presence of date mussel holes on
the pillars of a building at Pozzuoli (Napoli, Italy).
Eustatic sea level changes together with sinking and
subsequent elevation of the land acted to produced
such a pattern. Imamura (1926) correlated the pre-
sence of holes by the Japanese date mussel Lithop-
haga nasuta Philippi on uplifted bands, with a series
of earthquakes. Both cases correlate emerged rests
with earth uplifting. Anyway, the ecology of the
date mussel allows the use of its fossil submerged
rests as good markers of the very earliest stages of
land submersion during custatic sea level change.
On the speleothemes sampled in the Scaletta-Punta
Tacco cave complex, fossil date shells are relatively
common in the inner layers and holes penetrate the
very continental cotes of the speleothemes. No li-
ving L. /ithophaga have been encountered on the
speleothemes, neither on the walls of the caves,

below 10 m depth. The fossil shells are preserved
in holes entirely comprised in the continental core,
and sealed by the successive (but eatliest) encrusting
layers. Accotrding to these evidences and to the
ecology of the species, such specimens are conside-
red as pioneer colonizers of the nude (or nearly so)
speleothemes at the earliest stages of submetsion.

4,2, - “C DATING

A date shell was sampled (fig 4) in the speleot-
hem, in a hole entirely comprised in the continental
core, and sealed by the successive (including the
inner) encrusting layers. This specimen is conside-
red a good matker of the earliest stages of submer-
sion of the speleothem (that is of the arriving of
sea at that level). The carbonatic shell has been *C
AMS dated. The resulting (puntiform) date of
10,253 £ 72 years BP is in agreement with the re-
sults (8230 + 105 years BP and 8550 & 75 years BP:
ALESSIO et ali, this volume) of the same analyses
carried out on analogous date shells sampled on
speleothemes from the same cave at 27 and 41
m water depth respectively. The data indicate
a nearly perfect stratigraphical coherence.

Fig 4 — Parricular of longitudinal secrion of - 48 sralagmite sampled in the Scalerta and Punta Tacco cave complex
(note the date mussels shells 10,253 years old).
Particolare della sezione longitudinale deilla stalagmite dei -48 m campionata nel complesso della Scaletia - Punta lacco (notare le vatve del bivalve di 10.253 anni).
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5. — DISCUSSION

The stalagmite sampled at 48 m water depth in
the Scaletta-Punta Tacco submerged cave complex,
is up to now the deepest speleothem, sampled, stu-
died and dated from the Mediterrancan Sea. The
"“C AMS dating provided an estimate of the arrival
of the sea at that level of 10,253 &+ 72 years BP.

It is plausible that the sea entered the cave repea-
tedly since from its formation (there have been at
least 8 cold isotopic stages during the Middle Plei-
stocene). Nevertheless, the availability of the dating
of the last continental deposit (13,700 + 295 years
BP: ALESSIO ef alii, this volume), allows to exclude
that the present external organogenic layer was de-
posed in a time preceding the last post-glacial rising.

Pirazzoli (1991) shows for the Mediterranean
Sea some curves obtained by several authors with
radiocarbon analysis on mollusk shells recovered by
cotes, submerged and coastal deposits and on ar-
cheological record. Incidentally, Fairbanks’ (1989)
reconstruction of the Holocene sea level changes,
based on “C dating of corals from Barbados, pro-
duced at 48 m depth as estimate of ca. 9600 years
BP. Bard e a/ii (1990), based on Th/U dating re-
constructed for the same site an estimate of ca.
11.000 Y BP (1). Both had to make corrections due
to the tectonic instability of the Barbados area.
Aloisi (1993) produced a curve of the sca level
change for a Mediterranean area (Lion Gulf), with
an estimate of ca. 9800 YBP at 48 m depth. Our
data originate from a tectonically stable site (at least
from 5e stage). Thus present water depth is eusta-
tically reliable. According to our data, the Tyrrhe-
nian Sea employed about 2000 vears (10253 to 8230
years BP) to rise 21 meters, with a mean uplift rate
of 9.8 mm/year. Such uplift certainly produced re-
markable changes on the coastal patterns and on
the circulation of water. Such changes were rapid,
and affected in some, still largely unknown way the
benthic communities of shallow water. Especially
the accelerating phases would have produced more
remarkable effects on the landscape than a constant

(1) The preliminary survey was accomplished on July, 6-10 1994,
by Fabio Barbieri, Rito Cusati, Domingo Principe and Marco Oliverio,
During such divings, the hypothesis of the connection of the two
caves has been verified, and two stalagmites at 47 and 48 m warer
depth respectively have been sampled in the karstic tube (See Barbieri
ef alii, in prep. for a detailed description and a definitive survey of the
cave complex)

(Z) After the publication of the wotks of Fairbanks and of Bard
ef alii, it is currently accepted that e dating produces younger
results, whilst the Th/U dates are closer to the real ones.

rate over the entire time. Microevolution and pre-
sent biodiversity patterns in organisms largely de-
pending on water circulation, have been deeply in-
fluenced by such rapid environmental variations (see
e.g. OLIVERIO, 1995).

The dating of sumberged speleothems has re-
cently provided very interesting data (LUNDBERG
& Forp, 1994) but only referred to cold stages,
with sea levels lower than present one. Such multi-
disciplinary investigations, based on underwater
speleological approach, open new opportunities in
the Mediterranean palacoclimate studies. The main
sea level change curves are presently obtained, from
researches on continuous organogenic materials,
such as the corals. Given the absence in the Medi-
terranean Sea of such reefs, the study of continuous
organogenic encrustations, and of puntiform fossil
skeletons on submerged speleothems (especially
when sampled in tettonically stable sites), permits
to recover detailed and precise information, other-
wise unavailable in the Mediterranenan area which
lacks well developed coral teef. The reliability of
the puntiform datum relies entirely on the settle-
ment time of the date mussel and on its ecology.
The study of marine organic deposits (especially
where sampled in stable areas) on speleothems, per-
mits infact a degree of accuracy and detail not at-
tainable with data obtained from drilling or lose
sediments and makes more reliable the study of
eustatic sea level change.

6. — CONCLUSIONS

The deepest submerged speleothem so far col-
lected in the Mediterranean Sea has been studied in
order to investigate on the Holocene sea-level chan-
ges. A puntiform target (a date mussel shell) from
the speleothem has been 'C AMS dated at
10,253 £ 72 years BP. This datum is in full agree-
ment with previous analyses carried out on similar
samples from shallower sites.

Dating skeletons of Holocene fossils, whose lo-
cation be reliable, allows a better comprehension
of very recent palacoenvironmental events (such as
the ascension of the sea level after the glacial acme
of stage (2)).

The main sea level change curves are presently
obtained, from researches on continuous organoge-
nic materials, mainly corals. In tempetate to cold
arcas where such reefs are absent, carbonatic sam-
ples are provided by organogenic encrustations and
single fossil skeletons. The analysis of such samples
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recovered from submerged speleothems, permits to
recover detailed and precise information, otherwise
unavailable. The study of marine organic deposits
(when sampled in tectonically stable areas) on spe-
leothems, permits infact a degree of accuracy and
detail not attainable with data obtained from dril-
ling or lose sediments and makes more reliable the
study of eustatic sea level change. Boring bivalves
such as the date mussel (and similar organisms) are
commonly found world-wide. The reliability of the
puntiform datum relies entirely on the settlement
time of the date mussel and on its ecology.
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