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ABSTRACT I

HEARTY, P.J. and DAI PRA, G., 1992. The age and stratigraphy of middle Pleistocene and younger
deposits along the Gulf of Taranto (southeast Italy). Journal of Coastal Research. 8(4), 882-905. Fort
Lauderdale (Florida), ISSN 0749-0208.

Tectonically elevated siliciclastic marine terrace deposits dominate coastal areas in the province of Ba-
gilicata, while further east along the Salentine Peninsula, authigenic and biogenic fossiliferous limestones
are most common. These limestones are often stratigraphically superimposed along the margins of the
low-profile carbonate platform. Amino acid racemization geochronology (AAR) and radiometric methods
have been used to date and correlate 14 coastal sections along 200 km of the Guif of Taranto. This is
accomplished by calibration of D-alloisoleucine/L-isoleucine (A/1) ratios with U-series and “C dates which
establishes an absolute age framework for marine transgressions, dune formation and pedogenesis. In
addition, these data define the nature of the epimerization reaction as it proceeds toward equilibrium
(A/1 of ca. 1.30) for Helix and Glycymeris in timescales of 107, 105, and 10° of years.

At least five shoreline complexes (littoral, eolian, and pedogenic depositional units) have been identified.
Two middle Pleistocene transgressions are equated with Ami Fand G. Ami His iated
with a third but is poorly defined. A late Pleistocene interglacial complex is bracketed by two ami
The earlier, Aminozone E, consists of widespread limestones, eolianites and thin soils, while the latter,
Aminozone C, is less frequently preserved as marine calcarenite and dunes. Deposition during the Holocene
(Aminozone A), however, was quite active as indicated by the numerous sequences of beaches, dunes and

soils.

The AAR method is useful for correlating coastal deposits over great distances, reconstructing paleoen-
vironments, establishing a tectonic history, and estimating ages of these events the Gulf of Taranto.

ADDITIONAL INDEX WORDS: Amino acid racemization, epimerization, geochronology, littoral de-
posits, shoreline stratigraphy, eustatic sea levels, interglacial periods, carbonate platform, tectonic
uplift, Salentine Peninsula, Puglia and Bastlicata Provinces.

INTRODUCTION

Few regions offer the diversity and abundance
of stratigraphic exposures as those along the Gulf
of Taranto, Italy. The earliest investigators
(GigNOUX, 1913; MIRIGLIANO, 1953, 1956; GiGouT,
1960a—c) found numerous coastal sites from which
they developed basic concepts of eustasy and bio-
stratigraphy. Cold, temperate and tropical mol-
luscan faunas are found in middle Pleistocene to
Holocene marine deposits that lie at various el-
evations above sea level. Of particular importance
is the Strombus (or “Senegalese”, see NICKLES,
1950) fauna (including Strombus bubonius, Con-
us testudinarius, Cantharus viverratus, Triton-
ium ficoides, Natica lactea, Mytilus senegalensis,
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etc.) for which GieNoux (1913) assigned strati-
graphic age “plus récent que tous les autres dépéts
quaternaires (more recent than all other Quater-
nary (marine) deposits).” This climatic and fau-
nal event, which on biogeographic grounds was
indicative of sea temperatures 4° to 6 °C warmer
than today, was termed the “Tyrrhenian™ (ISsgL,
1914) after its “type locality” along the Tyrrhe-
nian Sea coast near Calamosca, Sardinia. In later
studies, due to the apparent occurrence of mul-
tiple Strombus levels, the Tyrrhenian was sub-
divided into the ‘“Paleo-", “Eu-" and “Neotyr-
rhenian” by BonNiFaAy and Mars (1959). This
concept of three (or more) Strombus levels
{(GieouTt, 1960b,c; COoTECCHIA et al., 1969; AM-
BROSETTI et al., 1972; Bicazz1 et al.,, 1973) has
persisted in the literature (HILLAIRE-MARCEL et
al., 1986). HEARTY et al. (1986a), HEARTY and Dai
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Pra (1986, 1987) and HearTy (1987a) docu-
mented that Strombus flourished in the Medi-
terranean mainly during one interglacial period,
that is the peak of the last interglacial (isotope
Stage 5e), and that minor sea level fluctuations
during this interglacial were responsible for the
apparent multiple occurrence of the Strombus
fauna.

Results from initial attempts to date these de-
posits were presented in CoTeECccHIA et al. (1969)
using “C. Da1 Pra and STEARNS (1977) presented
the first successful application of uranium-series
techniques to solitary corals (Cladocora cespito-
sa) in the Mediterranean basin. Amino acid geo-
chronology (AAR) was introduced to the Salen-
tine Peninsula and the Mediterranean basin
(HEArTY et al., 1984, 1986a; HEARTY and DA1 Pra,
1985) some years after the application of U-series
dating. The introduction of the AAR method to
the area was fortuitous considering the basin-wide
lack of abundant corals, which created a problem
for U-series dating. AAR has been used to estab-
lish lithologic correlations and to verify biostrati-
graphic ones. With calibration by radiometric
dates, the absolute dating scheme is extended
through the middle Pleistocene across several in-
terglacial periods (HEARTY, 1986, 1987b; HEARTY
et al., 1986a,b, 1987; HEARTY and Da1 Pra, 1985,
1986, 1987; HEARTY et al., 1987; MILLER et al.,
1986).

AAR has provided a new opportunity to estab-
lish a chronology for middle and late Pleistocene
deposits south Italy. Our efforts concentrate on
the post-Sicilian events of the later half of the
Quaternary after the Brunhes/Matuyama Bound-
ary after 740 ka (BERGGREN et al., 1985). Here,
we review the stratigraphic data from previous
studies and incorporate a large body of our own
data from the Salentine Peninsula. Included
among the main objectives of this work are the
following: (1) to provide a comprehensive view of
the middle Pleistocene to Holocene coastal stra-
tigraphy and paleoenvironments along the Guif
of Taranto; (2) to assign relative, estimated and
absolute ages to recognizable stratigraphic units
through amino acid correlations, apparent para-
bolic kinetics (APK—MrtrTERER and KRIAU-
SAKUL, 1989) and independent radiometric dat-
ing; (3) to synthesize these data in order to derive
an epimerization curve at ambient sedimentary
temperatures over the past several hundred thou-
sand years; and (4) to develop a chronology of sea
level events and uplift intensity.

GEOLOGIC SETTING

The study area is divided into three structural
and geological provinces (Figure 1): (1) the Ap-
pennine orogenic belt and collision zone province
to the west with associated folded and faulted
flysch lithologies that generally range in age from
Cretaceous to Tertiary; (2) the transform/sub-
ducting Bradano basin microplate boundary filled
with Neogene sediments lying atop Cretaceous
platform carbonates that are downfaulted in en
echelon tear faults; and (3) the Puglia carbonate
platform, rifted from the African plate in the Tor-
tonian (late Miocene). This microplate is rela-
tively stable from a tectonic perspective, com-
pared to the more westerly provinces which are
affected by intense tectonism.

This coastal study in Puglia and Basilicata ex-
pands on similar AAR and stratigraphic studies
in neighboring Calabria (HEARTY et al., 1986b;
DuMas et al., 1988; CAROBENE and Dal Pra, 1990).
These combined investigations provide an overall
view of the Quaternary shoreline geology and tec-
tonic history of south Italy.

REGIONAL AMINOSTRATIGRAPHIC
SETTING

HearTy and Dar Pra (1985) laid the amino-
stratigraphic groundwork for the expansion of this
research program at several localities in southeast
Italy (mainly at sites 1, 3, 5, 6, 10, 12 and 13—
Figures 1 and 2). At that time, Glycymeris and
Astraea were analyzed and several aminozones
were established. New marine sites (2, 4, and 11)
were added to emphasize the last interglacial
events, while terrestrial sites (7, 8, 9, and 10) fo-
cused mainly on the Holocene. Since HEarTY and
Dar Pra (1985), the number of analyses in Puglia
were increased many-fold, with a new focus on
Helix land snails (over 60 analyses) from Pleis-
tocene and Holocene soils and dunes. HEARTY et
al. (1986a) and HEARTY (1986) expanded the ami-
nostratigraphy program from Puglia to include
coastal sites across the entire western Mediter-
ranean. The first AAR kinetic curve for the Med-
iterranean encompassed over 1.2 my and included
the Calabrian, Sicilian, middle Pleistocene (San
Pantaleo Fm), and Tyrrhenian Stages (HEARTY
et al.,, 1986a). Al that time, it was determined
that the well-established middle Pleistocene
“Milazzian” Stage at its type locality (Milazzo,
north coast of Sicily), was equal to or younger
than 125 ka, and therefore HEARTY et al. (1986a)
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Figure 1.

Structural scheme of the Gulf of Taranto. (1) Neogene sediments; (2) allochthonous Tertiary flysch deposits; (3) Cretaceous

platform carbonates. Study sites 1 and 2 are identified in boxes. (Geology after OGNIBEN, 1973).

proposed that the term be abandoned. HEARTY
and Da1 Pra (1986, 1987) adopted the “San Pan-
taleo Formation” for middle Pleistocene deposits
in Lazio which belong to Aminozone G.

From studies from Bermuda (HEARTY et al.,
1992), the southeast U.S. Coastal Plain (HoLLIN
and HEARTY, 1990), and Oceania (HEARTY and
AHARON, 1988), HEARTY and MiLLER (1987) rec-
ognized a global pattern between A/I ratio and
current mean annual temperature (CMAT) from
last interglacial sites. Aminostratigraphic data
from global localities are presented in Table 1,
and demonstrate the depth of the database in
which this study is framed.

A review of the preparation and analytical pro-
cedures is available in HEARTY et al. (1986a), MiL-
LER and MANGERUD (1985), and MiLLER and
BricHAM-GRETTE (1989). All ratios reported here
were determined at the INSTAAR Geochronol-
ogy Center (University of Colorado, Boulder) and
are the peak-height A/I ratio.

COASTAL STRATIGRAPHY AND
GEOMORPHOLOGY

A regional change in sedimentation history is
observed that varies from the massive sediment
wedges along the staircased coastline in the west
part of the study area (Figure 1), to a moderate
volume of clastic sediments in the central area
near Mar Piccolo (Taranto), to a sediment-starved
platform setting in the southeast along the Salen-
tine Peninsula. Previous studies (HEARTY et al.,
1986b) along the Calabrian Peninsula and Strait
of Messina have identified last interglacial ter-
races at well over 100 m, with one example reach-
ing as high as 157 m (DumMas et al., 1988) requiring
uplift rates exceeding 1 m/1,000 years. In addition
to a changing sediment output, the tectonic factor
is also associated with a lithologic gradient: from
siliciclastic sands and gravels in the west, to bio-
algal limestones and calcarenite along the Sal-
entine Peninsula. As illustrated in the following
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Table 1. Mean a/I ratios comprising aminogroups from the Mediterranean, Bermuda and the southeast U.S. coastal plain. Mean
a/l is for Glycymeris (Gly) or Glycymeris equivalents [GE in square brackets] from marine deposits unless otherwise indicated
(see below). Definitions, analytical and methodological information are provided in HEarTy et al. (1986a).

Radiometric*,
Mean A/I Apparent+ or
Region (T°C) Reference Aminogroup (Gly or GE) (N=) Estimated ~Age
ITALY—Toscana—North Lazio C 0.31 = 0.02 (@) 90 = 15 KA~
(15.5-16.5) Hearty and Dai1 Pra, 1986a,b E 0.39 + 0.02 (39) 118-135 KA+
F 0.50 + 0.01 (18) 180-250 KA+
G 0.58 + 0.03 (35) >300 KA+
K 1.00-1.20 (15) >1 MY?+
ITALY—So. Lazio, Latina, (~16) HEARTY and A 0.12 + 0.02 4) 4,630 YR BP*
Dai Pra, 1986b; Anroniow et al., 1988 C 0.29 + 0.02 (10) 90 + 15 KA~
E 0.39 + 0.03 (25) 118-135 KA+
G 0.60 + 0.02 (19) >300 KA~
H 0.73 + 0.05 (3) >400 KA?~
ITALY—Puglia C 0.28 + 0.02 (5) 90 + 15 KA~
(ca. 17), HEarTY and Dar Pra, 1985; E 0.41 + 0.03 (42) 123 + 4 KA*
HEeArTy et al., 1986; Hearry, 1986 F 0.48 + 0.02 7 290 + 50 KA*
G [0.64]a 3) >300 KA*
ITALY—Puglia At 0.12 + 0.01 (17Hh 5+ 1 KA*
(16.9-17.2) (This study; includes 1985 data) Cm 0.29 + 0.02 (11) circa 85 KA~
Ct 0.28 + 0.01 (18)h <85 KA+
Em 0.39 + 0.03 (56) circa 125 KA*
Et 0.34 + 0.01 (2)h <125 KA+
ITALY—Calabria (o} 0.29 + 0.04 (3) 80-85 KA~
(17-17.5) Hrarry et al., 1986b; Dumas et al., 1988 D? 0.37 =+ 0.03 (3) circa 105 KA+
Et 0.39 = 0.01 3)h <125 ka+
E 0.42 + 0.03 (33) 118-135 KA*
F 0.51 + 0.07 (4)c >180 KA+
MALLORCA (1) E 0.41 + 0.04 (38) 129 + 7 KA*
HearTy, 1987 F 0.52 + 0.04 (18) 180-250 KA~
SARDINIA (11.5) C 0.32 + 0.03 (2) 90 + 15 KA~
Urzrca and HrarTy, 1986 Et 0.37 + 0.04 (4)h <125 KA+
E 0.43 £ 0.03 (11) 131 + 7 KA*
F circa 0.52 >180 KA? +
SPAIN—Alicante, (17.5) E 0.42 + 0.02 (18) 143 = 7T KA*
Heartvy, et al., 1988 F 0.59 + 0.04 (8) 180-250 KA~
G 0.73 + 0.04 (6) >300 KA+
SOUTH CAROLINA (18) C 0.37 £ 0.02 (5)A <125 KA+
HoturiNn and HrarTY, 1990. E 0.46 + 0.05 (29A circa 125 KA*
F? 0.59 + 0.08 (6)A >125 KA+
J/K 0.94 + 0.07 (23) >460 KA*
TUNISIA (18.2) C 0.40 + 0.04 (11) 90 + 15 KA~
MiLLER et al., 1986 E 0.48 + 0.04 (42) 126 + 7 KA*
EorF 0.59 + 0.04 (5)
F? 0.68 = 0.06 (14) 180-250 KA+
SPAIN—Almeria E 0.49 + 0.05 8) 118-135 KA~
(18.5) Hearry et al., 1987
BERMUDA (21.2) . A 0.014 (1) modern
VacHer and Hearty, 1989, HEARTY, et al., 1992 C 0.42 + 0.04 (14) 85 KA*
Ct 0.40 + 0.04 (36)h 85 KA
Et 0.49 + 0.03 (36)h 120 KA*
E 0.57 + 0.03 (21) 125 KA*
Ft 0.61 + 0.05 (10)h 190 KA+
F 0.69 + 0.03 9) 205 KA*
Gt 0.78 + 0.04 (11)h 335 KA+
Ht 0.91 + 0.03 (9h 450 KA+

N = number of shells analyzed. h = Helicidae (pulmonate gastropod); (Glycymeris a/I: Helicidae a/l = ~1.00, Hear1y, 1987). ¢ =
Cerastoderma (Glycymeris a/l: Cerastoderma a/l = ~1.00, Hearry and Da1 Pra, 1986b). a = Astraea (Glycymeris a/l: Astraea a/l
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Figure 2. Location map of study sites 3 to 14 (hoxes) along the Salentine Peninsula of southeast Italy.

figures and discussions, elevated and clearly de-
fined marine terraces are present in the western
part of the study area (CoTeccHIA and MAGRI,
1967; BRUCKNER, 1980; Dar Pra and HEARTY,
1988) as a result of interglacial sea levels imprint-
ed on a tectonically-rising coastline. By contrast,
in the southeast, positive marine cycles are not
separated by tectonic uplift; marine deposits of
several interglacials are stratigraphically super-
imposed at low elevations.

Nearly all of the sections are floored by Plio-
Pleistocene silts and clays ascribed to the early
Pleistocene Emilian Stage (Ruccierl and Spro-
VvIER]I, 1984; Rio et al., 1991). These shelf and
shallow marine clays are exposed at 110 to 510 m
in northern Calabria (CAROBENE and Dai Pra,
1990), nearly 1,000 m near Reggio Calabria (Dumas
et al., 1980; RAFFY et al., 1981), at around 400 m

in Basilicata (western part of our study area), and
near sea level along the Salentine Peninsula.
Whereas the more westerly sites reflect the tec-
tonic uplift history of the area, those sites lying
to the southeast are more representative of glacio-
eustatic changes. Of particular importance in this
investigation are several sites that display se-
quential Pleistocene and Holocene sequences,
providing a firm stratigraphic foundation for our
geochronological studies.

In the subsequent discussions, shoreline com-
plexes or sequences (VAN WAGONER et al., 1988)
resulting from marine transgressions are identi-
fied by Roman numerals (I, I1, ITI, efc., increasing
with greater age), while sedimentary facies are
identified by the letters M = marine; D = Dune
or eolianite; S = soil, and sub-units as a, b, ¢, ete.
Deposits dating from the mid Pleistocene to the

—

= 0.71, HearTy and Da1 Pra, 1985). A = Anadara (Glycymeris a/l: Anadara a/l = ~1.00, HoLLin and Hearty, 1990). Aminogroup

7"

subheadings: t = terrestrial deposits; m = marine deposits.
publications.

= information on radiometric dates is available in the respective
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Figure 3. Legend for Figures 4 to 11. Stratigraphic complexes or sequences are identified by Roman numerals I (Holocene) to V

(middle Pleistocene).

present are thus recognized in the text by names
such as MIII or DIVa, etc., in an effort to avoid
confusion by introducing a new stratigraphic no-
menclature. Figure 3 is the legend for Figures 4
to 11.

THE STUDY SITES
(FROM WEST TO EAST)

Site 1: Piano San Nicola

The Piano San Nicola area (Figure 1) is char-
acterized by tectonically uplifted marine and al-
luvial terraces (Figure 4). The geomorphology of
this area was described by CoTreccHIA and MAGRI
(1967), VEzzAaNI (1967) and BRUCKNER (1980).

MONTCHARMONT-ZE! (1957) and NEBoIT and
REYNARD (1973) investigated the mollusks of the
Piano San Nicola site where a rich, but temperate
fauna (‘“banal”, or ordinary in that it lacks the
tropical Senegalese fauna) was reported. The first
proposed age of these marine deposits (MII) at
Piano San Nicola was published in HEArRTY (1986)
where a late last interglacial age was determined
in support of the findings of the paleoecological
studies.

Site 2: Ponte del Re

Recent paleoecological studies by BoENzI et al.
(1985) and CaLbpara (1986) pointed out the sig-

Journal of Coastal Research, Vol. 8, No. 4, 1992



888

Hearty and Dai Pra

200
160
120:

80

40

029+002 (6) Glycymeris

Piano San Nicola

Figure 4. Site 1—The Piano San Nicola section.

nificance of environments associated with the in-
vertebrate faunas in transgressive Tyrrhenian de-
posits (MIII) at Ponte del Re (Figure 5). Our
stratigraphic studies of the site offer some minor
revisions of previous views. These revisions center
on evidence of two transgressions instead of one
across the broad terrace at Ponte del Re.

Sites 3 and 4: Mar Piccolo

The stratigraphy and paleontology of marine
deposits in the Mar Piccolo basin (Figure 6) are
well documented and have been the focus of nu-
merous studies since the beginning of the century
(GieNoux, 1913). More recent investigations in-
clude those in the area of micropaleontology (DE
CasTro-CopPPa, 1979), geomorphology and stra-
tigraphy (GicouT, 1960b,c; CoTECCHIA et al., 1969;
CIARANFI et al., 1988) and chronostratigraphy (Dar

Pra and STEARNS, 1977; HEARTY and Dar Pra,
1985).

The highly restricted Sea of Piccolo (Mar Pic-
colo) acts as a transition zone between marine and
continental influences. Minor changes in sea level
bring about major environmental changes in the
basin. This concept is illustrated in stratigraphic
sections from near the inlet where environmental
settings change abruptly from continental sedi-
ments to fully marine conditions.

The marine exposures in the area are domi-
nated by Strombus-bearing and coralliferous de-
posits dated around ca. 125 ka, particularly at Il
Fronte. A date from in situ coral beds (or “Marne
a Cladocora” of GicNoUX, 1913) of 125 + 6 ka (by
B.J. Szabo, U.S.G.S. Denver, CO) favors our last
interglacial stratigraphic correlation of these beds.
Previous dates from older collections from the

Mass. D'Anela

40

-)—— Ponte del Re

20

Ponte del Re

043+ 003 (3) Glycymeris
033 £0.02 (2) Area :
0.41 £+0.02 (2) Anadara - M

Figure 5. Site 2—The Ponte del Re section.
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Figure 7. Torre Zozzoli (Site 7), Torre dell’Ovo (Site 8), and Torre Boraco (Site 9).

same locality yielded ages of 205 ka (Da1 Pra and
SteARNS, 1977) and 165 ka (GEWELT, unpub-
lished). The differences in the dates could be a
function of the methods for cleaning and/or anal-
ysis of the samples.

Early Pleistocene clays containing Hyalinea
balthica (< 1.32 my, Rio et al., 1991) interbedded
with thin layers of volcanic ash K/Ar dated at
1.15 my (EvERNDEN and Curtis, 1965; CaraLDI
et al., 1979) floor most of the basin. Preservation
of successive deposits on these highly unstable
clays is unlikely, whereas more rigid deposits, such
as those of highly indurated mid Pleistocene algal
calcarenites (“‘calcare bioclastico’ of Da1 PrRa and
STEARNS, 1977), readily protect overlying deposits
from extensive erosion. In areas of such an un-
stable foundation as the clays, deposits of only
the most recent transgressions are generally pre-
served.

Sites 5 and 6: Carelli and Torre Castelluccia

In these two adjacent exposures (Figure 6),
nearly all of the mid and upper Pleistocene marine
units (MV, MIII and MII) are representative of
an open coast high-energy environment (HEARTY
and Da1 Pra, 1985; Da1 Pra and STEARNS, 1977).
In a staircase of beach terraces, two mid Pleis-
tocene shorelines (MV and MIV) have been iden-
tified at 35 m and 27 m (Carelli), while the last
interglacial, MIII complex is present at nearly the
same elevation as the mid-Pleistocene shoreline
(section A). At Torre Castelluccia (section B), at
least three marine events are represented in ver-
tical sequence (MV, MIII and MII, lacking the
Carelli calcarenites). The oldest of these is an al-
gal calcarenite upon which lenses of the last in-
terglacial calcarenite are preserved in circular de-

pressions of a decimetric scale. Strombus bubonius
was identified in these deposits at an elevation of
26 m (DA1 PrA and STEARNS, 1977). A beach sand,
consisting of a reddish calcarenite (MII) and con-
taining a “banal” fauna in which no warmth-lov-
ing species are present, overlies the older marine
units.

Sites 7, 8 and 9: Torre Zozzoli, Torre del’Ovo
and Torre Boraco

These sections (Figure 7) are generally char-
acterized by a base of mid to upper Pleistocene
marine deposits followed by a sequence of alter-
nating soils and eolianites of late last interglacial
to Holocene age. Sites 7, 8 and 9 comprise several
Holocene eolianite/soil couplets (DIa-Sla; DIb-
SIb; DIc-Slc). Abundant pulmonate gastropods
(Helix sp.) are found in all units, and are one
source of the geochronologic data presented later
in the paper. Well-developed mid Holocene
eolianites and soils are present and probably mark
the maximum and close of an “altithermal peri-
od”. Historical (Pre-Roman) soils are found near
the Torre Boraco site and have produced abun-
dant fossils and artifacts.

The area around Torre del’Ovo appears to have
remained a headland through several transgres-
sive cycles. Waves toppled blocks of mid-Pleis-
tocene calcarenite which were subsequently bur-
ied by marine sands and subsequent dune deposits.
Terra rossa (red earth) and breccia were shed
from the cliff during the sea level regression.

Site 10: Torre Castiglione-Torre Colimena

At Torre Castiglione, three marine deposits lie
in superposition, separated by unconformities and
discontinuous, thin soils (Da1 Pra, 1982). The se-
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Figure 8. Torre Colimena/T. Castiglione section (after Dar Pra, 1982).

quence above tilted Cretaceous bedrock (Figure
8) is as follows: (1) Unit MVa is a light grey algal
calcarenite with vacuolar structure (fenestrae).
This unit is generally rich in Astraea rugosa. The
age of this unit is greater than 300 ka (DAr Pra
and STEARNS, 1977) but post-dates underlying sil-
ty clays with Hyalinea balthica present between
Taranto and Torre Colimena; (2) Unit MVDb is a
yellowish, medium-grained bioclastic calcarenite,
rich in Cladocora cespitosa in growth position;
(3) Unit MIV is composed of detrital organogenic
limestones, and a clayey-marl matrix rich in em-
bedded organic remnants of a pale brown soil with
root and burrow-casts; (4) Unit MIII is uncon-
formable on Unit IV and consists of bioclastic
limestone with a micritic matrix. Lithothamnium
and intraclasts are common. The fauna displays
ecological diversity and includes Cladocora,
Spondylus, Conus, Glycymeris, Arca, Strombus
bubonius; and (5) Unit MII is a younger marine
calcarenite contains reworked, rounded intra-
clasts of older units. This uppermost unit is strat-
igraphically correlated to MII at Torre Castelluc-
cia (site 5).

Site 11: Torre Sabea

The Torre Sabea section is floored by Unit MV
into which the last interglacial sea level incised a
small terrace at about 1 m (Figure 9). The low
position of the MIII marine deposits near sea level
suggests that slow downwarping has dominated
the area since the last interglacial cycle. The beach
facies consists of calcarenite with Strombus and
grades upward and laterally into an eolianite
(DIIIa) of the back beach zone. The same marine-
eolianite unit is truncated, and overlain by a thin
soil (SIII) and capped by another eolianite (DIIIb)

for which an equivalent marine facies is not ob-
served above sea level. Another thin soil (SII)
separates the lower Pleistocene deposits from the
D1 eolianite capping the section.

Torre Sabea provides “evidence” of multiple
Strombus events (CoTEccHIA et al., 1969). The
section clearly contains Strombus in a beach fa-
cies near present sea level, but also, higher along
the coastline and about 500 m southwest of Torre
Sabea, Strombus are found in great abundance in
a terra rossa stained calcarenite.

Sites 12 and 13: Gallipoli and Torre San
Giovanni (Figure 9)

Like Torre Sabea, the marine deposits at Os-
pedale di Gallipoli have attracted Quaternary ge-
ologists and paleontologists throughout the
Twentieth Century. GiaNoux (1913), BrLaNc
(1953), MiriGLIANO (1953, 1956), GicouT (1960c¢)
and CoTEccHIA et al. (1969) have attempted to
unravel this stratigraphic zone with apparently
several marine deposits containing Strombus. The
problem facing these and more recent investiga-
tors is that Strombus is present in a variety of
disjunct exposures of differing sedimentary facies
along the coastline. Despite our own original dif-
ficulties in interpreting the stratigraphy, HEARTY
and Dar Pra (1985) determined that “the mean
alle/Ile (or A/l in this study) ratios from all units
(containing Strombus) lie within the standard er-
ror of the overall Glycymeris mean of 0.41 £ 0.04
(n = 15) for the site.” That is, all of the deposits
are essentially the same age. Considering this
finding, we renewed our efforts to interpret the
stratigraphy from the site. Our reconstruction in
Figure 9 is the simplest and most direct solution
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Torre San Giovanni. Legend for Figure

Torre Sabea, Site 12B, 12C-C’, and 12D-D’ = Gallipoli (Ospedale), Site 13E and 13F
9.1 (Gallipoli Peninsula): (1) Historical dunes; (2) Holocene dunes; (3) post-Strombus dunes; (4) older dunes. Legend for Figure 9.2 (Ospedale di Gallipoli): (1) Holocene deposits; (2)
beach deposits with Strombus bubonius; (3) bioclastic calcarenite; (4) eolianite; (5) “Sicilian” littoral sandstones with Globorotalia truncatulinoides excelsa (Coppa and CrovaTo, 1985;

Rio et al., 1991).

Figure 9. Stratigraphy of the Gallipoli area. Site 11
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Figure 10. Site 14—Posto li Sorci/Mancaversa/Canale della
Volpe section.

to the stratigraphic problems encountered at Gal-
lipoli.

During the last interglacial period, a small cove
contained a ‘“catenary” or ‘“pocket beach” be-
tween promontories of Sicilian sandstone (Figure
9.2). These MIIla deposits well-preserved in their
original form. However, to the southwest near the
Ospedale di Gallipoli, Holocene coastal erosion
has completely destroyed this pocket beach facies
by cutting the present shoreline obliquely to, and
inland from the paleoshoreline. This has exposed
only the highest supratidal zone of the Strombus
beach in the cliff. In order to restore the sequence
normal to the paleocoast during the last intergla-
cial period, we have aligned the segment C-C’ from
the northeast zone, to segment D-D’ at the south-
west zone (Figure 9.3 bottom). This profile very
nearly completes the section as we interpret its
original form. Similar more complete sequences
are observed at Torre Sabea and Torre San Gio-
vanni.

To add to the complexity of the Strombus sed-
imentary sequence at Ospedale, a thin soil (SIII)
separates the lower planar beds of the shoreface
(MIIIa) from an upper zone with highly concen-
trated shells (MIIIb). This thin, weakly-devel-
oped “soil” may either be penecontemporaneous
with the beach deposits as a backbeach “protosol”
(see HEARTY et al., 1992) which was buried by
marine deposits during storms, or, the soil may
represent interglacial sea-level oscillations
(HEarTY, 1986; HoLLIN and HEARTY, 1990; CHAP-
PELL and SHACKLETON, 1986). A stratigraphy re-
flecting such oscillations of sea level during the
last interglacial period (Stage 5e) has been de-
scribed in other localities in Italy (HEARTY and

Da1 Pra, 1987), Mallorca (HeEARTY, 1987), Spain
(HeARTY et al., 1987), Tunisia (HERM et al., 1980;
Paskorr and SANLAVILLE, 1983; MILLER et al,
1986; Hearty, 1986), and the U.S. Carolinas
(HoLLIN and HEARTY, 1990).

At Torre San Giovanni, 1.5 km to the southeast,
there is a similar last interglacial sequence (Figure
9) deposited under somewhat higher energy con-
ditions. In the small eroded coves, the last inter-
glacial shoreline is observed in cross section with
broken blocks of Sicilian sandstone “mortared”
(HeArTY and Da1 Pra, 1985) by Tyrrhenian cal-
carenites with Strombus. These calcarenites are
topped by calcretes and soils, and finally a youn-
ger eolianite (DI) stratigraphically equivalent to
the uppermost unit at Torre Sabea.

Site 14: Posto li Sorci/P. Mancaversa sections

Site 14 (Figure 10) displays a stratigraphy much
like others in south Puglia. Algal limestones (>
300 ka) overlie Cretaceous limestones that floor
the section. Small lenses of shell hash with rare
Strombus (MIII) are plastered into the algal lime-
stones and are capped by an eolianite (DIII) and
a soil (SII). The uppermost unit, the DI eolianite,
has been “C dated at 6,780 years BP (CoTECCHIA
et al., 1969).

URANIUM-SERIES, “C AND APK AGES

Extensive U-series data exist (some 50+ anal-
yses) from studies in south Italy (Dar Pra and
STEARNS, 1977; BrRaANcCACCIO et al., 1979; HEARTY
et al., 1986a; HEARTY, 1986; CAROBENE et al., 1986;
Hoancg and HeEaRTY, 1989), however, a discussion
of these data is beyond the scope of this paper.
We do, nonetheless, integrate the chronological
foundation provided by these dates into this pa-
per (Table 2). Carbon-14 ages are those published
in CoTEccHIA et al. (1969) and CARRARA and DAl
Pra (in press). In most cases, amino acid samples
were collected from the same exposures as those
furnishing the “C and U-series dates. Apparent
parabolic kinetic amino acid ages (Table 2) cited
in this paper supplement those from MITTERER
and Kr1AUSAKUL (1989).

CORRELATION OF COASTAL DEPOSITS

AAR has been particularly effective for corre-
lation and dating in the Gulf of Taranto where
corals do not commonly occur (Figures 4-10; Ta-
ble 3). We assume that the climate history of the
study area has affected all the sites equally, thus,
the differences in A/I ratios reflect the relative
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Table 2. Summary of calibration ages used in kinetic models and correlations made in this study.
Aminozone Species A/l APK Age Other Ages
A Helix 0.10 — 3,910
Gly. 0.12 — 4,630
Helix 0.14 — 5,360"
Helix 0.15 — 6,780'
C Helix 0.25 52,000 —
Gly. 0.30 74,000 —
E Helix 0.34 calibration 120,000?
Gly. 0.39 calibration 125,000°
F Gly. 0.46 to 0.52 200,000 + 25,000 250,000¢
290,000
G GE 0.57 to 0.65 310,000 + 40,000 >300,000°
H (Latina)* GE 0.70 to 0.76 440,000 + 35,000
major unconformity major unconformity
J (Lazio)® Gly. 0.90 to 1.00 825,000 = 165,000 >465,000"
K (Lazio)* Gly. =1.20 =1,190,000 1,150,000°

Calibration ages: (1) Carbon-14 ages from CoteccHia et al. (1969) and CARRARA and Dar Pra (in press); (2) U-series ages from Dar
Pra and Stearns (1977) and HearTy et al. (1986a); (3) U-series from Tommaso Natale (HuarTY et al., 1986a); (4) U-series from
Carelli (Da1 Pra and StrARrNs, 1977); (5) U-series from Torre Castelluccia (Da1 Pra and STearNS, 1877); (6) Age of “pomici nere”
(~430 ka, EvernpEN and CurTis, 1965) which is stratigraphically younger than the Aminozone J deposits (Sicilian); (7) Age of
volcanic ash (EvernpEN and Curtis, 1965; CaraLpt et al., 1979) in Emilian-age deposits coeval with Aminozone K samples; (8)

Ratios from ANtoNioLl et al. (1988); (9) Ratios from Hrearry et al. (1986a) and unpublished data

differences in age of the coastal deposits. Con-
versely, samples producing the same A/I ratios
are most probably the same age.

To summarize, the AAR results are classified
by aminozones:

Aminozone A—The Holocene Period (Shoreline
Complex I)

The Holocene is well represented on the Sal-
entine Peninsula by coastal eolianites and soils
indicating a complex and rapidly changing envi-
ronment. A major eolian event is dated at around
6,000 years BP (mean A/l = 0.15). Thereafter,
prolonged stability of the dunes is indicated by a
strongly developed soil dated at around 4,000 years
BP (mean A/l = 0.10). Eolian activity resumed
in early historical times and continues up to the
present. The stratigraphic sequence of the Ho-
locene is indicative of the complexity of the de-
positional history during a single interglacial pe-
riod.

Aminozone C—Late Last Interglacial (Shoreline
Complex II)

Younger marine deposits have produced a mean
Glycymeris value of 0.285 + 0.020 (n = 11) from
sites 1 and 5 of Aminozone C. An in situ “banal”
fauna from these sites has consistently produced
lower A/l ratios than Aminozone E (HearTY, 1986

and Tables 1 and 3). At Torre Castelluccia, the
marine deposits “feather out” at around 3 m ad-
jacent to Strombus deposits that rise to 28 m in
the area. A temperate molluscan fauna is de-
scribed from marine deposits (43 m) at the lower
edge of a large terrace rising to 85 m at Piano San
Nicola (MoNTCHARMONT-ZEL, 1957; NEBoIT and
REYNARD, 1973), supporting our late last inter-
glacial age interpretation there (Dar Pra and
HEARrTY, 1988). The initial age estimate inter-
preted for Aminozone C was 90 + 15 ka (HEARTY,
1986). Although independent U-series ages on
corals have not confirmed this age in south Italy,
recent studies on the tectonically stable island of
Bermuda have directly tied Aminozone C Glycy-
meris ratios to U-series coral ages of ca. 85 ka
(VacHER and HEARTY, 1989; HEARTY et al., 1992).
Similarly, SzaBo (1985) has reported a consider-
able number of coral ages of 70 to 90 ka, and
HorLin and Hearty (1990) calculated similar
amino acid ages for sites along the southeast U.S.
Coastal Plain. There is no similar concentration
of ages centered on 105 ka, Substage 5¢. Modelling
the racemization reaction with apparent parabolic
kinetics (MrrTERER and KR1AusakuUL, 1989) sup-
ports this age and has yielded an interpreted age
of about 80 ka for Aminogroup C. In light of these
arguments, we prefer to correlate our Aminozone
C in Puglia with isotope Substage 5a which oc-

Journal of Coastal Research, Vol. 8, No. 4, 1992



Marine Terraces Along the Gulf of Taranto

895

Table 3. Amino acid ratios (A/I) and aminozone classification of samples from the Gulf of Taranto. Species definitions are listed
at the base of the table. The data presented are in the format 0.40 * 0.02 (4) indicating the mean value (0.40), the standard
deviation (+0.02 (1s)) and the number of shells analyzed in brackets (4). Brackets [ ] indicate ratios of other species normalized

by Glycymeris.

Site No. Locality/Unit Glycymeris A/1 Other A/ (Spp.) Aminozone
(1) Piano san Nicola (43 m)
—MII 0.29 + 0.02 (6) C
(2) Ponte del Re (24 m)
—MIII emplx 0.43 + 0.03 (3) 0.43 + 0.01 (2) Ad E
Mar Piccolo Area—
(3) 11 Fronte (0-10 m)
—MII [0.25} C
—S8I1 0.28 + 0.01 (8) Hsp. C
—MIIIb-Sb 0.37 + 0.02 (10) 0.27 + 0.05(22) An E
—MIIla 0.30 + 0.03 (5) An E
—MIII Ostrea 0.51 + 0.06 (3) Osp. E
—MIII Transgr. {0.39] 0.30 £ 0.03 (5) An E
Punta Penna (17 m)
—SII 0.41 (1) rw 0.34 + 0.01 (2) Hsp. E/C
—MIIIb Sb 0.34 (1) E?
—MIIla Sb 0.37 = 0.01 (10) E
—MIII 0.39 + 0.13(3) E
(4) Sta Teresiola (8 m) (aka Marne a Cladocora)
—MIII 0.48 + 0.13 (3) Osp. E
Mass. San Pietro
—MII Sb 0.38 + 0.01 (3) E
5) Carelli (27 m)
—MIV 0.48 + 0.02(7) 0.71 + 0.03 (3) Ar F
6) Torre Castelluccia (0 to 5 m)
—SII 0.26 + 0.01 (4) Hsp. C
—MII 0.28 + 0.02 (5) 0.22 + 0.03 (9) Ce C
0.41 + 0.03 (5) Ar C
0.22 + 0.03 (9) An C
—MIII 0.39 (1) E
—MV [0.64] 0.91 + 0.04 (3) Ar G
(7) Torre Zozzoli (0 to 4 m)
—DIb 0.12 + 0.02 (3) Hsp. A
—SIb 0.10 + 0.01 (3) Hsp. A
—Dla 0.14 = 0.01 (3) Hsp. A
—Sla 0.14 + 0.01 (3) Hsp. A
—SII 0.17 (1) Hsp. A?
—SII 0.26 (1) Hsp. C
(8) Torre dell’Ovo (0 to 6 m)
—Slc¢ 0.07 + 0.03 (2) Hsp. A
(9) Torre Boraco (0 to 3 m)
—DlIc 0.025 + 0.006 (2) Hsp. A
—DlIc 0.026 = 0.007 (2) Hsp. A
—DI 0.15 + 0.01 (4) Hsp. A
(10) Torre Castiglione (2 m)
—MIV [0.47] 0.36 + 0.01 (2) An F
1) Torre Sabea (0 to 5 m)
—DI 0.15 + 0.03 (5) Hsp. A
—MIII Sb 0.43 + 0.01 (3) E
(12) Gallipoli (0 to 7 m)
—SII 0.28 + 0.03 (2) Hsp. C
—MIIIb Sb 0.39 + 0.04 (7) E
—MIIla 0.43 + 0.04 (7) 0.31 + 0.03 (2) An E
—MIII 0.45 (1) E
(13) Torre san Giovanni (0 to 5 m)
—DI 0.18 + 0.01 (4) Hsp. A
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Table 3. Continued.

Site No. Locality/Unit Glycymeris A/l Other A/I (Spp.) Aminozone
—S1 0.17 + 0.01 (4) Hsp. A
—SII 0.27 + 0.04 (2) Hsp. C
—MIII Sb 0.38 + 0.02 (4)
(14) Posto li Sorci (0 to 8 m)
—DI 0.15 + 0.03 (4) Hsp. A
—S11 0.24 + 0.04 (4) Hsp. C

Species abbreviations and “Glycymeris equivalent” ratio: An = Arca noae (Glycymeris A/1 = 1.31 Arca A/1); Ad = Anadara diluvii
(Glycymeris A/1 = 1.0 Ad A/1); Ar = Astraea rugosa (Glycymeris A/l = 0.71 Ar A/T); Osp = Ostrea species; Ce = Cerastoderma
(Glycymeris A/l = 1.00 Ce A/1); Hsp = Helix sp. (Glycymeris A/l = 1.00 Hsp. A/I); Sb = Strombus bubonius (and/or Strombus
fauna); rw = apparently reworded form older deposits. Facies definitions: M = Marine deposits; D = Eolian deposits (dunes; most
often indurated); S = Soils: terra rossa or red colluvium with Helix sp

curred around 82 ka ago. A +1 m sea level at 85
ka contradicts much lower (—13 m) isotopic
(SHACKLETON and OPDYKE, 1973; SHACKLETON et
al., 1984) and constant uplift estimates (BLoom
et al., 1974; MATTHEWS, 1973) for this event.

To summarize, geological and geochronological
support for an 85 ka high sea level is provided by
several independent arguments: (1) geomorphic
evidence where younger beach and dune ridges
lie juxtaposed and seaward of peak last intergla-
cial ridges; (2) biological evidence that identifies
unique faunas associated with the late last inter-
glacial deposits; (3) multiple high sea level de-
posits associated with the last interglacial period;
(4) radiometric dates of 70 to 90 ka from deposits
adjacent to others producing 125 ka dates; and
(5) amino acid data indicating a clearly-younger-
than-the-last-interglacial aminozone, but not that
of the Holocene. Further discussions on this topic
can be found in VacHErR and HearTy (1989),
Horrin and HeArTY (1990) and HEARTY et al.
(1992).

Aminozone E—The Peak of the Last Interglacial
(Shoreline Complex III)

A regional mean Glycymeris value of 0.388 +
0.030 (n = 56) has been calculated from site data
for Aminozone E, which is tied to an age of ca.
125 ka by several coral dates on Cladocora ces-
pitosa (Table 3) from localities along the Salen-
tine Peninsula as well as several other “calibration
sites” around the Mediterranean basin where cor-
al dates and Glycymeris ratios are directly com-
pared (Table 1). Mean values for Aminozone E
from other Mediterranean localities with similar
CMATSs produce similar or identical ratios
(HEARTY, 1986). Aminozone E correlation with
the peak of the last interglacial period is sup-
ported across the Mediterranean basin by strati-

graphic, biostratigraphic, geomorphic and radio-
metric data from nearly 100 sites (many available
in Table 1). At none of these sites are exclusively
older or younger Glycymeris ratios (Aminozone
F or C) associated with an in sttu Strombus fauna.
However, mixed populations of A/I ratios (E and
F) have been reported from Mallorca, Lazio and
Tunisia, usually from shells in transgressive, last
interglacial deposits which were reworking older
deposits, perhaps now submerged and/or de-
stroyed. We strongly support the reworking hy-
pothesis rather than analytical error or natural
variation, since the preponderance of the non-
Aminozone E values center on the mean of the
immediately preceding aminozone rather than
randomly across the spectrum of possibilities.

Aminozones F and G—Middle Pleistocene
(Shoreline Complexes IV and V)

A considerable area of the Salentine Peninsula
is capped by mid-Pleistocene algal limestones
(“calcari di scogliera” of CoTECCHIA et al., 1969).
These deposits include deposits of at least two
geomorphically distinct high stands that have been
assigned individual aminozones (F and G) based
on Glycymeris and Astraea ratios (Table 4,
HEARTY and Dar Pra, 1985). Near Mar Piccolo,
Aminozone F deposits at Carelli (site 4) have also
produced a coral age of 290 + 50 ka (Da1 Pra and
STEARNS, 1977). These deposits are more calcare-
nitic than the typical algal limestone that forms
much of the terrace land of the region. These
deposits are also found at a lower elevation in the
Carelli area. Based on geomorphology, the low
amino acid ratios from Glycymeris (0.48 + 0.02,
n = 7), and the possibility of a somewhat “old”
coral age (Da1 Pra and STEARNS, 1977), we prefer
to correlate this deposit to Stage 7 (195-251 ka,
SHACKLETON and OPDYKE, 1973) rather than Stage

Journal of Coastal Research, Vol. 8, No. 4, 1992



Marine Terraces Along the Gulf of Taranto 897

9. Support for a Stage 7 age has also been provided
by apparent parabolic kinetics (MITTERER and
KriausakuL, 1989) from which an age of 200 ka
has been calculated from the Glycymeris ratios
(Table 2).

The higher and older terrace yields Aminozone
G ratios (ca. 0.64) and coral ages >300 ka. We
therefore suspect that this terrace deposit is equal
to or exceeds the age interval of isotope Stage 9
(297 to 347 ka). AAR studies on sediments from
boreholes in Lazio (in HEARTY and Dat Pra, 1986;
ANTONIOLI et al., 1988) have identified the same
approximate mean Glycymeris values for Ami-
nozones F and G, and an older one (Aminozone
H) with an Glycymeris “equivalent” ratio of 0.73
calculated from Cerastodermaratios. In the Torre
Colimena area there is at least one more terrace
that could also be Stage 9 or older. In the Med-
iterranean, these two or three mid Pleistocene
deposits and terraces lie juxtaposed on early
Pleistocene (Sicilian and Emilian) deposits
(CaroBENE and Dai Pra, 1990), and are resolved
by aminostratigraphy (Aminozone K, HEARTY et
al., 1986a). The AAR data indicate an hiatus of
circa 0.5 my that agrees with a similar amino-
stratigraphic dataset from the southeast U.S.
(HoLLIN and HEARrTY, 1990), and a “world-wide
lacuna” envisioned by BLACKWELDER (1981).

SOILS, TERRA ROSSA AND EOLIANITES

We have collected and analyzed Helix sp. from
avariety of terrigenous deposits and eolian (coast-
al dune) facies. Helix samples have produced con-
sistent results when compared to those of the ma-
rine samples with which they are often intercalated
or interbedded. The nearly equivalent Glycymer-
is and Helix epimerization rates have been estab-
lished in previous studies in Mallorca (HeARTY,
1987a), in Lazio (HEARTY and Da1 Pra, 1986), in
regional Mediterranean studies (HEARTY et al.,
1986a) and in Bermuda (Glycymeris versus Poe-
cilozonites, HEARTY et al., 1992). Ratios from both
taxa are thus effectively interchangeable.

In Puglia and Basilicata terrigenous sediments
(protosol and terra rossa) are less frequently pre-
served than coastal marine deposits. One such
terrestrial event (SII) occurred toward the end of
the last interglacial period (s.1.). Land snails from
these deposits have produced Aminozone C ratios
of 0.281 + 0.014 (n = 18) from several sections
along the coastline (sites 3, 6, 7, 13 and 14; Figures
4 through 10). These deposits bracket Aminozone

C marine deposits at Il Fronte and Torre Castel-
luccia.

Above this young terrigenous sediment package
a widely distributed eolianite (DI) yields Ami-
nozone A ratios and is associated with the mid-
Holocene. Our amino acid samples are integrated
with several “C dates from the area (CoTECCHIA
et al., 1969). Holocene eolianites and soils at Torre
Zozzoli, Torre Boraco and Posto li Sorci have been
1“C dated at around 6,000 years, and have provid-
ed an A/T of 0.147 + 0.018 (n = 11), while a late
Bronze age (2,500-2,000 years) soil, and a recent
dune, respectively, yield A/I’s of 0.068 + 0.024 (n
= 2) and 0.026 + 0.007 (n = 5). Two levels at
Torre Zozzoli dated at 3910 and 5360 years BP
(CoTECCHIA et al., 1969) returned Helix ratios of
0.099 + 0.003 (n = 3) and 0.143 + 0.013 (n = 3)
(Table 3).

COMPOSITE STRATIGRAPHY AND
REGIONAL CORRELATIONS

Figure 11 summarizes the rock and aminostra-
tigraphy for the middle Pleistocene to Holocene
section of southeast Italy. This composite charts
the major depositional events of the past half mil-
lion years resulting from transgressive intervals.
Regressions are indicated by major unconformi-
ties and occasionally terra rossa soils that serve
as sequence boundaries (VAN WAGONER et al.,
1988). Interglacial sequences comprise marine,
eolian and minor pedogenic processes. This study
has identified five stratigraphic complexes that
coincide with statistically unique aminozones
(Aminozone A = Complex ; C=1II,E =11, F =
IV, and G = V). As expected, the highest reso-
lution of ages and events is during the Holocene,
where numerous soil and eolianite couplets com-
pose the majority of the interglacial complex. In
Puglia, substages of the last interglacial period
(s.l.) are easily resolved by bounding Aminozones
C and E. In adjacent Calabria, the same last in-
terglacial period comprises four uplifted terraces:
samples from the lowest (youngest) terrace are
Aminozone C, and those from the oldest two ter-
races fall into Aminozone E (HEARTY et al., 1986b;
Dumas et al., 1988). An intermediate terrace is
associated with A/I ratios between Aminozone C
and E.

Mean ratios from Glycymeris and Glycymeris
equivalents from surface sites and borehole in La-
zio have yielded nearly identical values for Ami-
nozones E, F and G (HEArRTY and Da1 Pra, 1986,
1987; ANTONIOLI et al., 1988). Aminozone E is a
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Figure 11. The composite stratigraphic section of southeast Italy includes rock sequences (I to V) bounded by unconformities,
aminostratigraphy and aminozones, invertebrate biostratigraphy, and chronostratigraphy. The composite section reflects a multiple-
systems approach to the geological evolution of the area. Legend as in Figure 3.
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major depositional event of the late Pleistocene
correlated with the Eutyrrhenian (i.e. associated
exclusively with the Strombus fauna) and Il Fronte
Formation (HEARrTY, 1986). Aminozone F is rel-
atively minor and, if not uplifted, is generally
eroded and removed by the Il Fronte transgres-
sion. Aminozone G is correlated to the San Pan-
taleo Formation near Rome (HEARTY and Da1 Pra,
1986, 1987) and is the most significant deposi-
tional event of the middle Pleistocene.

“Aminogroups” C, E, F and G are correlated
across the Mediterranean (HEARTY et al., 1986a;
HEARTY, 1986, 1987a,b; MILLER et al., 1986), Ber-
muda (VacHER and HEARTY, 1989; HEARTY et al.,
1992) and the Carolinas (HEaArRTY and HoLLIN,
1986; HoLLiN and HearTy, 1990). With confi-
dence in our multi-systems approach (employing
geomorphology, stratigraphy and geochronology),
we propose a correlation of aminozones with the
isotope stages of SHACKLETON and OPDYKE (1973):
A, C, E, F and G, with isotope Stages 1, 5a, 5e, 7
and (probably) 9, respectively. It is uncertain at
this time whether Aminozone G is equivalent to
Stage 11 or 13.

CALCULATED TECTONIC UPLIFT

Based on the present elevation of correlated
peak last interglacial deposits with the assumed
original sea level at ca. +6 m at 125 ka (LLAND et
al., 1967), the tectonic uplift is calculated at 0.70
m/ka near to the Appennine Zone at Piano San
Nicola, and diminishes to 0.40 and 0.20 m/ka at
Ponte del Re and Mar Piccolo, respectively (Dar
Pra and HEARTY, 1988). Further to the south and
east along the Salentine Peninsula, decreasing up-
lift rates continue until neutrality and subsidence
appear to dominate near Porto Cesareo. The trend
of subsidence persists southward until near Gal-
lipoli where the last interglacial again rises above
modern sea level.

EPIMERIZATION KINETICS

When mean A/I ratios from Glycymeris and
Helix are plotted against radiometric and esti-
mated ages (Table 2) on three different time scales
(103, 10% and 10¢ of years), a detailed epimerization
history is constructed (Figure 12). These empir-
ical curves track the reaction through geologic
time at ambient temperatures. In order to fully
describe the kinetic pathways in Figure 12, it was
necessary to incorporate data points from adja-
cent study areas having similar geology, CMAT’s,
and the appropriate taxa (Glycymeris) (see foot-

notes in Table 2). Three kinetic phases are ap-
parent from the curves in Figure 12:

Phase 1. Early Rapid Phase—A/I 0.0 to 0.20

Aminozone A ratios from land snails in Holo-
cene marine, soil, and eolianite sequences are the
basis of Phase 1. This collection of A/I ratios ver-
sus "“C dates (CoTEccHIA et al., 1969; CARRARA
and DA1 Pra, in press) demonstrate the rapidly
evolving A/I ratio during that period. The config-
uration of the relationship between A/I and age
is from Puglia is basically linear (Figure 12).
GoopFRIEND’S (1987) Holocene land snail A/T vs.
“C data from the Negev Desert also reflect lin-
earity. In AAR studies on the Great Barrier Reef,
Australia, HEARTY and AHARON (1988) deter-
mined that epimerization in Tridacna was sub-
linear up to approximately 0.25 to 0.30, after which
parabolic kinetics prevail. Thus, in order to safely
estimate ages from A/I ratios during Phase 1, the
use of a linear model is effective up to an A/I of
~0.20.

Phase II. Transitional Phase—A/I 0.20 to 0.40

Phase 11 can be subdivided into two rate inter-
vals. First, there is a greatly reduced epimeriza-
tion rate between Aminozones A and C that con-
trasts greatly with the speed of Phase I. This slower
rate is a fundamental reflection of the cooler cli-
mate during the last glacial period in the Medi-
terranean. And secondly, there is a substantially
faster rate which includes the period encompass-
ing Aminozones C and E, but is much slower than
Phase 1. Phase II data (Figure 12) suggest that
the reaction is still sensitive to climatic warmth
within the interglacial period. Although not in
absolute terms, this configuration of the kinetic
pathway would probably apply to most late Pleis-
tocene sequences in the middle latitudes (25° to
60° N. Lat.).

Phase III. Final Sublinear Phase—A /I 0.40 to
1.30

During Phase II1 (Figure 12), the ever slowing
reaction appears to become insensitive to changes
within an interglacial cycle (although a paucity
of data exists). The pathway continues on a sub-
linear to parabolic route from Aminozone F until
equilibrium is reached at 1.0 to 1.5 my (Figure
12) (HEARTY et al., 1986a). It is during Phase III,
up to an A/I of 1.0, that MrTrTERER and KRIAU-
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Figure 12. Kinetic history of Glycymeris and Helix compiled from D-alloisoleucine/L-isoleucine (A/I) ratios from sites along the
Gulf of Taranto. Mean A/I ratios are plotted against "“C, U-series, APK, and K/Ar dates from the area (Table 2). Stippled area
indicates error envelope. The ages of soils and eolianites capping marine deposits of Aminozones C and E are inferred from
stratigraphic relationships. Open circles represent points incorporated from adjacent study areas in Italy (i.e. HEarTyY et al., 1986a,b;
Dumas et al., 1988; HEarTy and Dai Pra, 1985, 1986a,b), and are bound by identical parameters. Three rate phases are identified:
Phase [—Early Rapid Phase during the Holocene; Phase II—Transitional Phase between 12 ka and 135 ka; Phase III-—Final
Parabolic Phase between 135 ka and the early Pleistocene (> 1.0 my).

SAKUL (1989) found estimating ages from “para-

bolic kinetics” most effective. However, an APK CONCLUSIONS

age of 1.19 my from a ratio of 1.20 (Table 2) for Quaternary coastal geology along 200 km around
the Emilian (early Pleistocene) marine deposits the Gulf of Taranto is quite variable due to diverse
corresponds well with K/Ar ages for the same unit histories of tectonism, sediment provenance and
of 1.15 my (EVERNDEN and CURTIS, 1965). paleoenvironment. Along the Basilicata coastline
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(Piano San Nicola to Fiume Bradano), the de-
posits are characterized by a high percentage of
terrigenous silicates deposited on broad, con-
structional terraces. Coastal areas of the Salentine
Peninsula are typified by low terraces, veneered
with carbonate deposits. These terraces show ev-
idence of repeated occupation by higher-than-
present sea levels. Along high-energy, exposed
coastlines, erosion dominates and deposits are thin
and patchy. Terrigenous deposits (soils and terra
rossa) interfinger with marine deposits while
eolianites grade laterally landward from their
source beach. A composite stratigraphy assem-
bled from the study sites (Figure 11) suggests ep-
isodic deposition of marine and continental de-
posits mainly during the major transgressive
periods. Minor sea level fluctuations of £10 m
occurred during the last interglacial period (s.s.).
Erosion clearly dominates during the regressive
(glacial) cycle when sea level falls to —50 to —100
m, and few Wiirmian (Weichselian) deposits are
recognized above present sea level in this study
area.

Peak last interglacial marine sands often con-
tain tropical molluscan fauna and microfauna,
some now extinct in the Mediterranean basin. One
of the fauna includes the Strombus fauna, now
common along the coast of West Africa. Younger
marine deposits contain molluscan faunas much
like today’s in sediments yielding less carbonate
and more detrital materials.

Marine deposits of the mid Pleistocene are
characterized by algal limestones nearly stroma-
tolitic in character, with rocky-coastline taxa
(Turbo, Astraea, Arca, Lima, etc.) than in the
calcarenites. The algal limestones suggest low sed-
imentation in shallow seas at temperatures higher
than today’s. An algal reef facies is typical in the
present day sublittoral of Bermuda.

Uranium-series coral dates from the Strombus
beds in Mar Piccolo have produced a mean age
of 118 + 5 ka (n = 11). Each of the U-series data
sets among the four laboratories varies slightly
but nonetheless falls within Stage 5, tending to-
ward 125 ka.

Despite the geologic diversity of the study sites,
amino acid ratios are consistent across the study
area. Substages of isotope Stage 5 are resolvable
and produce mean Glycymeris values of 0.388 +
0.030 (n = 56) for Aminozone E, and 0.285 + 0.020
(n = 11) for Aminozone C. Two mid Pleistocene
marine events have been identified by amino acid
ratios of 0.48 + 0.02 (n = 7) for Aminozone F (ca.

200 ka), and 0.64 for Aminozone G (> 300 ka). A
third middle Pleistocene unit remains poorly de-
fined by aminostratigraphy.

Nearly identical mean Glycymeris A/l ratios
have been determined in Lazio, central Italy
(HearTY and Dar Pra, 1986, 1987) and Mallorca
(HearTY, 1987a), both of which have similar
CMATSs. Warmer sites in Tunisia (MILLER et al.,
1986), southern Spain (HEARTY et al., 1987), and
Bermuda (HearTY et al., 1992) produce appro-
priately higher mean ratios for the same genera.

Helix ratios are consistent with the morpho-
stratigraphy and epimerize at a rate similar to
Glycymeris. Regionally consistent Aminozone C
ratios for Helix have placed an important soil/
terra rossa event (SII) at the close of last inter-
glacial period (ca. 70 ka). Holocene deposits in-
dicate a complex depositional history, alternately
dominated by dune building, and soil formation.

The parallel epimerization history of southeast
Ttaly (Figure 12) is characterized by three rate
phases: Phase I is very rapid during the 10 ka of
the Holocene, evolving the A/I ratio 15% of the
equilibrium value (1.30). During a rate-transi-
tional Phase Il, the reaction is slowed during the
cooler isotope Stages 2 to 4, and accelerated dur-
ing the warmth of the last interglacial period.
Thirty percent of the reaction is accomplished
during Phase II. The slowing reaction during Phase
II1 (mid to early Pleistocene) does not yet permit
resolution of substages, but rather the broad im-
print of interglacials back to the beginning of the
Pleistocene.
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0 RESUME 0O

Des dépots de terrasses marines clastiques siliceux, surélevés tectoniquement dominent le littoral de la province de Basilicate, tandis
que plus a I'est le long de la péninsule tarentine, on rencontre davantage de calcaires fossiliféres. Ces calcaires sont souvent superposés
aux marges du bas profil de la plateforme carbonatée. On a utilisé une chronologie par les amino-acides (AAR) et des méthodes
radiométriques pour dater et correler 14 secteurs littoraux sur 200 km du Golfe de Tarente. Ceci a été réalisé par calibration du
rapport D-alloisoleucine/L-isoleucine (A/l) avec les datations U et "'C qui ont permis d’établir un dge absolu pour les transgressions
marines, la formation des dunes et la pédogenése. De plus, ces données définissent la nature de la réaction d’épimérisation vers un
équilibre (A/I environ 1.30) pour Helix et Glycymeris aux échelles de temps de 10", 10, et 10 ans.

On a finalement identifié cinqg complexes littoraux (littoral, éolien, et unités de dépot de pedogenése). Deux des transgressions du
milieu du Pleistocéne sont correlées avec les aminozones F et G. L’aminozone H est associé & une troisiétme mais peu définie. Un
complexe interglaciaire de la fin du Pléistocéne est rattaché 4 deux aminozones. Le plus ancien, ie E est constitué par des calcaires
éparpillés, des éolianites et des sols minces; le plus récent, I'aminozone C, constitué par des calcarénites marines et des dunes, est
moins fréquemment préservé. La phase holocéne de dépat (aminozone A) a été relativement active, comme 'indiquent de nombreuses
séquences de plage, dunes et sols. La méthode des AAR permet de corréler des dépéts sur de grandes distances, de reconstituer des
paléo-environnements, d’établir une histoire de la tectonique et d’estimer, dans le golfe de Tarente, ’age de ces événements.—
Catherine Bousquet-Bressolier, Géomorphologie E.P.H E., Montrouge, France.

O ZUSAMMENFASSUNG O

In der siiditalienschen Provinz Basilicata setzen sich die tektonisch herausgehobenen marinen Terrassen der Kiistenregion i.w. aus
silikatisch-klastischem Material zusammen. In Richtung Osten, entlang der Halbinsel von Salentino, dominieren dagegen fossilhaltige
authigene und biogene Kalksteine. Diese Kalksteinformationen liegen hdufig den Rindern der unterlagernden Karbonatplattform
auf. Mit Hilfe der Aminosdure-Razemisierungs-Altershestimmungsrnethode (engl. AAR abgekiirzt) und anderen radiometrischen
Methoden wurde die Datierung und Korrelation von vierzehn Kiistenabschnitten an 200 Kilometern des Golfes von Tarent vor-
genommen. Dies wurde erreicht durch die Kalibrierung des D-Alloisoleucin/L-Isoleucin-Verhaltnisses (A/I) mit Ergebnissen der
Thorium/Uran- und der Radiokohlenstoff-Datierung (Th-230/U-234 bzw. C-14). Anhand dieser absoluten Altersbestimmungsme-
thoden war es moglich, einen zeitlichen Rahmen fiir die Entstehungszeit der marinen Terrasen, der Diinen- und der Bodenbildung
zu schaffen. Weiterhin liefern diese Daten eine genauere Kenntnis der Razemisierungsreaktion, die einem Gleichgewichtszustand
der Aminosiauren (A/I von ca. 1.30) bei Helix und Glycimeris zustrebt (in Zeitrdumen von 10%, 10° und 10° Jahren).

Es werden mindestens fiinf Kiistenlinien-Komplexe ausgegliedert, die sich aus Ablagerungseinheiten zusammensetzen und welche
eine litorale, dolische und pedologische Genese haben kénnen. Den sog. Aminozonen F und G werden zwei mittelpleistozine
Meerestransgressionen gleichgesetzt. Eine dritte Transgression, die nicht eindeutig abgegrenzt werden kann, mufl wahrscheinlich
der Aminozone H und ebenfalls dem Mittelpleistozan zugeordnet werden. Ein jungpleistozéner interglazialer Terrassenkomplex
wird von zwei verschiedenen Aminozonen eingeklammert. Die dltere Formation, Aminozone E, hesteht in groflem Umfang aus
Kalkstein, aus Aolianiten und einem diinnen Boden, wihrend die jiingere Transgression, Aminozone C, weniger gut erhalten geblieben
ist und zwar in Form von marinen Kalkareniten und Diinen. Die weitverbreiteten holozidnen Ablagerungen (Aminozone A) sind
durch zahlreiche Sequenzen von Strinden, Diinen und Béden reprasentiert.

Der Einsatz der Aminosaure-Razemisierungs-Alterbestimmgsmethode bewéhrt sich bei der Korrelation von litoralen Ablagerungen
uber groBe Entfernungen, der Rekonstruktion von paldaookologischen Verhéltnissen, der Bestimmung der tektonischen Entwicklung
und der Altersabschitzung dieser Ereignisse im Golf von Tarent.—Ulrich Radtke, Geographisches Institut, Universitdat Diisseldorf,
Germany.

Journal of Coastal Research, Vol. 8, No. 4, 1992



Marine Terraces Along the Gulf of Taranto 905

O RESUMEN D
Las areas costeras de la provincia de Basilicata, se hallan dominadas por terrazas con depdsitos marinos silicoclasticos tectonicamente
elevadas, mientras que hacia el este a lo largo de la Peninsula Salentine, lo mas comun son ias calizas fosiliferas autigenas y biogénicas.
Estas calizas normalmente se encuentras estratigraficamente superpuestas a lo largo de los margenes de las plataformas de carbonatos
de perfiles bajos. La geocronologia de racemizacion de amino acidos (AAR) y los métodos radiométricos fueron utilizados para fechar
y correlacionar 14 secciones costeras a lo largo de 200 km en el Golfo de Taranto.

Esto fue realizado por medio de la calibracion de la relacion D/L, (A/I) con las series U y fechados de C-14 los cuales establecen
una edad absoluta como marco de referencia para las trangresiones marinas, la formacién de dunas y la pedogénesis. Ademas, estos
datos definen la naturaleza de la reaccion de epimerizacion cuando va hacia el equilibrio (A/1 de ca. 1.30) para Helix y Glycymeris
en escalas temporales de 10°, 10", y 10° ahos.

Se identificaron cinco costas complejas (litoral, eolica, unidades pedogénicas y deposicionales). Dos transgresiones del Pleistoceno
medio son igualadas con Aminozonas F y G. La Aminozona H esta asociada con una tercera que es pobremente definida. Un complejo
interglacial del Pleistoceno tardio se encuentra encerrado por dos aminozonas. La primera, Aminozona E, consiste de calizas dispersas,
eolianitas y suelos delgados, mientras que la Gltima, Aminozona C, se halla frecuentemente menos preservada como calcarenita
marina y dunas. Sin embargo, la depositacion durante el Holoceno (Aminozona A), fue activa como lo indican numerosas secuencias
de playas, dunas y suelos.

Elmétodo AAR es atil para correlacionar depositos costeros sobre grandes distancias, recostruyendo paleoambientes, estableciendo
una historia tectonica, y estimando las edades de estos eventos en el Golfo de Taranto.—Néstor W. Lanfredi, CIC-UNLP, La Plata,
Argentina.
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