QUATERNARY RESEARCH 45, 241-244 (1996)
ARTICLE NO. 0024

SHORT PAPER

Holocene Sea-Level Rise Recorded by a Radiocarbon-Dated Mussel in
a Submerged Speleothem beneath the Mediterranean Sea
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Fossil shells of the boring mussel Lithophaga lithophaga provide
a means for dating changes in relative sea level. These bivalves,
being among the first colonizers of bare calcareous substrates, can
mark the earliest stages of marine submergence of caves. Here we
report data concerning the deepest submerged speleothem pres-
ently sampled in a temperate area, at 48 m below present sea level
off the west coast of Italy (Mediterranean Sea). A fossil mussel
shell beneath encrusting layers from later marine colonists gave
an AMS age of 9580 + 35 *C yr B.P. (10,253 + 72 cal yr B.P.).

© 1996 University of Washington.

Radiometric dating of submerged spelecthems provides a
means for reconstructing past changes in relative sea level
(Richardset al., 1994; Lundberg and Ford, 1994). A possible
drawback of this procedure is that it provides only an upper
limit for past sealevels: the ages refer to time before the sea
rose to the level of the speleothem. Furthermore, speleothem
growth may have stopped before marine submergence. These
problems have been partly addressed through dating of ma-
rine organic material encrusted on submerged speleothems.
Such dating yielded a sea-level curve for the late Pleistocene
and Holocene of the central Tyrrhenian region of Italy (Ales-
sio et al., 1992). The new methodology (involving the use
of an ad hoc mathematical model to extrapolate radiocarbon
datathat are temporally punctiform from the continuous lay-
ers) partially resolves the problem of the lack of coral-like
continuity.

Such use of speleothems in sea-level studies can be fur-
thered by dating shells of marine bivalves that bored into
the speleothems soon after marine submergence. Here we

241

report an age on such a mussel, collected in 48 m of present
water depth (pwd) in the Mediterranean Sea.

The sample site is the Capo Palinuro Promontory (Fig.
1), which has a large system of karstic cavities located
mostly below sealevel. The area has along-term subsidence
rates of about 3—4 x 1073 m kyr~* (Alessio et al., 1992).
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FIG. 1. Location map of the study area. Arrow points to the Capo
Palinuro Promontory.
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FIG. 2. Longitudinal section of the —48-m stalagmite. The holes bored by the date mussels are all sealed by the earliest layers produced by the

encrusting organisms.

Severa speleothems have been located and sampled between
27 and 48 m pwd in the cave complex ‘‘Scaletta-Punta
lacco,”” which probably originated in the middle Pleistocene.
Depths were measured with adigital gauge (=0.1 m); correc-
tions were made for water density, but not for seatide which
has a range of 0.2 m.

The dated mussel came from a stalagmite 42 cm long
(Fig. 2). Organic material encrusting this speleothem has an

average thickness of 1.5 cm. The formerly subaerial core of
the speleothem contains many fossil specimens of the date
mussel Lithophaga lithophaga (L.). This mussel was among
the first marine colonizers of the speleothem, as shown by
encrusting organic material that covers the holes that had
been bored by the mussels.

The modern benthic community settled on the spel-
eothem consists exclusively of animals, due to the total
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lack of light. The sessile community is composed of Pori-
fera, Cnidaria, Annelida, Mollusca, Brachiopoda, and
Bryozoa (dominated by Bryozoa Gymnolemata). The
structure of the communities settled on submerged spel-
eothemsis controlled by many factors, the main one being
currents (Oliverio, 1992). On the sampled speleothems
the modern community is dominated by Bryozoa Gymno-
lemata. Nearly all the animals encountered in the living
community leave remnants of their skeletons on the spel-
eothem, resulting in encrusting layers of organic material.
Caves (and especially their inner portions) are commonly
considered stable environments; there is little reason to
think that communities very different from those living
may have been supported by the speleothem during its
submerged life. The sole exception is related to the very
earliest stages of submersion, when the speleothem was
colonized by the date mussel (L. lithophaga). Thisbivalve
mollusk settles only on calcareous rocks, from low tide
level, usually to no more than —20 m, with a preference
for the uppermost few meters (up 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 (19734), 8-cm lengths are attained
in 80 years. Our sample contains only specimens of less
than 4 cm, suggesting that the date mussels were no more
than a few tens of years old when they died. Settling on
the definitive substrate takes place at the larval (veliger)
stage, preferably on bare substrates (L. lithophaga is con-
sidered a pioneer species) (Kleemann, 1973b).

Lyell (1877) correlated the presence of date mussel
holes on the pillars of a building at Pozzuoli (Napoli,
Italy) with sinking and subsequent elevation of the land.
Imamura (1926) correlated the presence of holes by the
Japanese date mussel Lithophaga nasuta Philippi on up-
lifted bands, with a series of earthquakes. In both cases
the emerged remains were correlated with tectonic uplift.
Here we use fossil submerged remains as markers of the
very earliest stages of land submersion during relative
sea-level rise.

In the Scaletta-Punta lacco cave complex, fossil date
shells are common in the formerly subaerial cores of the
sampled speleothems. No living L. lithophaga have been
encountered either on the speleothems or on the walls of
the caves below 10 m of depth. On the sampled stalagmite
all the fossil shells are preserved in holes drilled entirely
in the subaerial core and subsequently sealed by the earli-
est encrusting marine layers. Such specimens probably
colonized the bare (or nearly bare) speleothem at the ear-
liest, shallow-water stage of submersion. A date shell was
sampled in the speleothem in a hole entirely within the
subaerial core and sealed by successive (including the
inner) encrusting layers. The shell has been *C AMS
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dated (OS-3532) at 9580 + 35 **C yr B.P. (10,253 + 72
ca yr B.P.; calibration after Stuiver and Reimer (1993)
with an apparent age of sea water of 400 yr). Thisageis
consistent with the results (8200 = 132 and 8550 + 59
cal yr B.P.) of analyses of speleothems from the same
cave at —27 and —41 m pwd, respectively (Alessio et al.,
1994).

Fairbanks' (1989) reconstruction of the Holocene sea-
level rise, based on *C dating of corals from Barbados,
produced at 48 m pwd an estimated age of about 9600 yr
B.P. Bard et al. (1990), using Th/U dating, obtained for
the same altitude an estimate of about 11,000 yr B.P. In
both studies the authors had to make corrections due to
the tectonic instability of the Barbados area. Aloisi (1993)
produced a curve of the sea level change for a Mediterra-
nean area (Lion Gulf), with an estimate of ca. 9800 yr
B.P. at 48 m pwd.

According to our data, the Tyrrhenian sea required about
2000 yr (10,253 to 8200 cal yr B.P.) to rise 21 m—a mean
submergence rate of about 10 mm/yr. This estimate has an
uncertainty of perhaps +10% from possible delay between
initial marine submergence of the speleothem and subse-
guent colonization by the mussels.

Our underwater speleological approach opens new op-
portunities for studies of past sealevelsintemperate areas.
Fossil date shells are present on most of the speleothems
that we have sampled at many sites in the Mediterranean
Sea (e.g., the Aegean Sea, the central Tyrrhenian Sea, and
the Sardinian and the Balearic coasts). Moreover, species
of date mussel, all with similar ecological requirements,
are distributed nearly world wide; their fossil shells can
be expected on submerged speleothems in karstic caves
along coasts beyond the Mediterranean. Dating of the
shells should produce sea-level data complementary to,
and probably more accurate than, directly dating the spele-
othems themselves.
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