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Abstract: The assessment of past sea-level positions requires a multidisciplinary approach that
involves both scientific and historical humanistic fields. The use of a multidisciplinary approach
allows us to obtain reliable information on the relative sea-level position, the determination of which
requires the evaluation of the eustatic and steric components as well as an assessment of the vertical
ground displacements, such as the isostatic adjustments and tectonic movements. In this context,
coastal geoarchaeological markers play a fundamental role since their architectural height (generally
defined as functional height) was relative to the sea level at the time of their construction. Thus,
a comparison between the current elevation of geoarchaeological structures (or depth in the case
they are currently submerged) with their estimated functional height allows us to obtain the relative
sea-level variation. In this study, we applied a methodological procedure for the evaluation of the
functional height of architectural elements using modern technologies (Terrestrial Laser Scanner and
GPS-Real Time Kinematic) and detailed sea-level analysis. The proposed methodology was applied
to coastal quarries located along the coast of Bari (Apulia region, southern Italy). The results allowed
us to confirm the functional height of the detachment surface reported in the literature and to assess
the sea-level position in the fifth and fourth centuries before Christ.
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1. Introduction

Geoarchaeological remains, partially or completely submerged, are widely used
as markers for the evaluation of Holocene sea-level change along the Mediterranean
coast [1–5]. These markers can define the past sea-level position with high precision by
accounting for their original elevations [6–12]. The elevations of geoarchaeological markers
can be influenced by coastal changes that occurred in the Mediterranean region.

The current physiography and sedimentary settings of the Mediterranean coastal areas
are the results of evolutionary processes determined by the transgression following the Last
Glacial Maximum (LGM—20 (kyears) before present (BP)) [13–15]. In fact, during the LGM,
the sea level was about 120 m lower than the present level; then, as a consequence of ice
melting, a rapid transgression occurred, which submerged wide coastal sectors with rising
rates of up to about 8 mm per year [1,16]. At about 7–6.5 kyears BP (Middle–Late Holocene),
the sea-level rise underwent a deceleration of 1 mm per year, and coastal progradation
occurred, mainly in the low-lying areas [17–20].
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At the local scale, the sea-level changes depend on three factors: (ì) eustatic and
steric contributions [8,21]; (ìì) Vertical Land Movements (VLMs), due to isostasy, tec-
tonics, movements induced by volcanic activity, subsidence due to natural and anthro-
pogenic processes; and (ììì) natural sedimentary compaction, also influenced by human
activities [22–26]. The integrated contribution of these components determines variable
sea-level changes in the different coastal areas of the Mediterranean basin.

The assessment of the paleo sea-level position is strongly supported by sea-level
proxies, which include geological, geomorphological, biological, stratigraphic, and archaeo-
logical markers [1,8,17,22]. According to international standards, sea-level proxies have
been classified as sea-level index points (SLIPs) and limiting points [21,27–29]. The former
helps to define the relationship between the marker and the paleo sea level. If a sea-level
indicator does not show a clear relationship with the paleo sea level, it has to be considered
as a limiting point [17], which is extremely important in constraining the paleo sea level
above or below its current position.

Among sea-level proxies, coastal archaeological remains constitute a reliable marker
for the evaluation of the past sea-level positions, since they allow the estimation of the sea
level at the time when the archaeological structures were built [11,18,30,31]. In addition,
the sea-level proxies help to quantify the local factors (in terms of VLMs) and discriminate
them from the eustatic and steric components. Archaeological markers include both index
and limiting points. Ancient port interface structures (e.g., quays and jetties), fish tanks,
and fishponds have generally been used as index points, while due to the difficulties in
establishing a relationship with a former sea level, coastal quarries, tombs, breakwaters,
and coastal roads are generally used to define a terrestrial limiting point for the coeval sea
level [11,17,32].

In the literature, several studies have focused on the application of geoarchaeological
structures as sea-level markers in different sites along the Mediterranean coast: Morhange
et al. [30] used these markers in Marseille (France), Brückner et al. [31] in Miletus (Turkey),
Marriner et al. [32] in Sidon (Lebanon) and Aucelli et al. [33] in the Phlegraean Fields
(southern Italy). In the coastal areas characterized by relevant VLMs, the position of
archaeological structures may be significantly different compared to their original position,
due to subsidence or uplift. For example, in Falsarna (Crete, Greece), the co-seismic uplift
of the island in 365 AD brought a Roman port to an elevation of 8 m a.s.l. [34–36]. In several
Italian coastal areas, archaeological structures are located below their original position
with respect to sea level, as in the case of Baia (Pozzuoli, Italy), which has experienced a
lowering of the coastal sector due to the bradyseism process that affected a wide portion of
the Phlegraean sector [36–38]. Archaeological markers located in coastal areas where VLMs
are present may result in the incorrect evaluation of past sea level since their current position
is strongly influenced by local displacements that may have enhanced or obliterated the
eustatic sea-level variation. Nevertheless, these kinds of remains are particularly useful
for the assessment of the local VLM rates, and provide reliable data on the local relative
sea-level changes compared with the eustatic levels of the corresponding ages from one or
more Glacial Isostatic Adjustment (GIA) models [24]. However, the accuracy of information
provided by archaeological markers can be significantly increased when they are combined
with biological, geomorphological, and geological sea-level indicators [39].

Auriemma and Solinas [40] presented a very interesting overview of the most common
archaeological sea-level indicators, which include piers and port structures, villas, fish-
ponds, wells, quarries, and any other dateable remains, where a functional height can be
determined [39]. The functional height of archaeological features is defined as the “elevation
of specific architectural parts with respect to an averaged sea-level position at the time of their
construction” [41]. The use of the functional height of the archaeological remains is useful
for evaluating how much the sea level has changed since the time of their construction,
considering all the uncertainties, such as the state of conservation, the temporal attribution,
and the sea-weather parameters at the moment of the survey.
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The assessment of types and functionalities of a given archaeological marker must
therefore be investigated according to their use, as many of them were built at a certain ele-
vation above sea level. For this reason, it is necessary to use surveys aimed at determining
the functional height with respect to the current sea level with high accuracy.

In this work, a methodological approach for supporting the characterization of coastal
quarries as relative sea-level markers is proposed. In particular, this work describes
a high-resolution survey carried out along the coast of Bari (Apulia Region), a rocky
coast characterized by low anthropogenic and/or natural vertical deformations, where a
number of archaeological remains have been detected. The investigation was supported
by the use of Terrestrial Laser Scanner (TLS) and Global Positioning System-Real Time
Kinematic (GPS-RTK) acquisition for the open-coast quarries. The results showed how
high-resolution surveys, coupled with the analysis of sea-weather data, allowed us to
establish the functional height of archaeological remains, and thus to evaluate the past
sea-levels.

2. Study Area

The Apulian coasts host many archaeological remains that confirm that this region has
been occupied since the Bronze Age by human settlements [37,38,42–44]. Many of these
remains are currently totally or partially submerged by the sea. The study area is located
along the Adriatic coast of the Murgian plateau, 30 km SE from the city of Bari.

Geological evidence shows that the coastal areas of Bari and Brindisi were character-
ized by tectonic stability during the Holocene [11,45–48].

Recent analysis showed the absence of vertical deformations due to anthropogenic
activities, so the relative sea-level in the last 4000 years has been not affected by significant
VLMs such as alterations in the functional height of the coastal markers [11,47]. However,
in the last few centuries, different seismic events along the coasts of Salento have been
reported in historical documents. Among the most destructive earthquakes that have
occurred in Apulia, several have affected the coastal areas of Bari and Brindisi, such as
those that occurred on May 11, 1560 BP (Mw = 5.7, [49]) and February 20, 1743 BP [50–54].

Along the coastal stretch extending from Bari to Monopoli, adjacent to the old Via
Traiana that connected Benevento to Brindisi, there are various archaeological features,
from Roman quarries and fish farming pools to drainage channels (Figure 1). Some of
these features are now partially submerged but during the Roman times they were at an
elevation higher than the current sea level [11]. Several coastal quarries are located at a
horizontal distance of 10 m from the current coastline, while at the time of their use they
were located about 50 m from the coastline [11,40].

Open-air quarries very similar to those present on the coast of the province of Bari are
located in other coastal sectors along the Via Traiana, such as in Torre Santa Sabina and
Egnazia (Brindisi). In this case, the detachment surface is between −0.5 m and −1 m below
sea level [55]. Determining the age of the coastal quarries is a difficult task, but tombs and
sarcophagi found near the Egnatia site suggest a time range between the fifth and fourth
centuries before Christ (BC) [40].

Furthermore, in San Vito of Polignano a Mare (Bari), in Egnazia, and in Torre Santa
Sabina there are Roman pipes for the discharge of wastewater, which are currently located
at an elevation of −0.80 m compared to the current sea level, lower than the functional
height that was used for the discharge [11,40].

The coast of the province of Bari is affected by a tidal excursion of about 0.40 m, which
determines the differential in the submersion of the archaeological features (Figure 2).
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Figure 1. The coastal area of the province of Bari with the location of Roman quarries (white dots) is
located near the Via Traiana (in orange).

The anemometric and wave data recorded through the stations of the Apulian Basin
Authority (AdBP) and the buoys of the Italian Institute for Environmental Protection and
Research (ISPRA) show that the incidence of wave motion comes from the eastern and
northern-western sectors [56,57]. The continuous impact of the waves causes a temporary
rise in the water column along the coast, known as wave set-up, which can be up to several
centimeters [58,59]. During storm surges, significant rises in the water column result in the
submersion of the coastal quarries. Sometimes the force of the storm waves is so intense
that some coastal boulders are dislocated along the coast and transported to the quarries
and fish farming pools [56,60].

Tectonic Setting

The geological framework of the Apulia region is determined by three main geological
domains: the Apulia Foreland, the Bradanic Trough, and the Apennine Chain. These
geological domains are related to the geodynamic processes that involved the Adria Plate
and European Plate [61,62].

The lithology of the study area is given by the Calcarenite di Gravina Formation (Lower
Pleistocene) in transgression on the Cretaceous limestones [63,64], which are characterized
by joints and fractured surfaces and by several coastal springs that drain the underground
water along with preferential flows in the calcarenite [65]. The morphology of the area
consists of a series of marine terraces formed during the Last Interglacial period when
the sea level was about 7 m higher than the present level [62,66–68]. These terraces slope
gradually towards the NE until they reach the coastline. Sometimes the marine terraces
are interrupted by fluvial incisions, locally called “lame”, which culminate in small pocket
beaches [19,47].
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Figure 2. Geoarchaeological markers located in different coastal sites in the province of Bari: (a) ex-
traction quarry with drainage channel towards the sea located in Cozze; (b) Roman swimming pool
located in San Vito-Polignano a Mare; (c) channel located in San Vito-Polignano a Mare; (d) extraction
quarry connected to the sea at the current sea-level, located in Cozze; (e) series of drains located at
Cozze; (f) quarries in Torre a Mare.

The structural features of the Apulia region are located on the Adria Plate and are
constituted by a main structural system of NW-SE oriented normal faults [62,69–71].

Two geodynamic phases were observed in the Apulia region during the Plio-
Pleistocene [64]. In the first phase, the westernmost sectors of the Apulian Foreland
underwent strong subsidence [69], which was caused by subduction under the Apennine
Chain. In this context, a Bradanic Trough sedimentary cycle [61,64] began to accumulate
with coastal deposits belonging to the Calcarenite di Gravina Formation [72] culminating
in silty clayey hemipelagic deposits belonging to the stratigraphic argille subappennine
informal unit [73]. In the second geodynamic phase (from the middle Pleistocene), the
entire Apulian Foreland and Bradanic Trough were uplifted [68,73,74].

Recent instrumental records showed that the Apulia region is characterized by a
general counter-clockwise motion of the Adria Plate [75]. The internal part of Adria shows
minor, but not negligible, seismic activity [76,77]; in particular, this region is close to several
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areas where seismicity is frequent and intense. The southern part of Apulia is generally
considered practically aseismic [78]. The seismic history of the Salento peninsula shows
that only one event of a magnitude higher than 6.0 is reported in the historical catalogues:
this earthquake, which occurred on 20 February 1743, caused maximum damage with an
intensity of IX–X degrees on the Mercalli–Cancani–Sieberg scale (MCS) and also caused a
tsunami [50,54].

However, Pierri et al. [51] proposed the hypothesis that the margin of the Adria
Plate has undergone a buckling process [69] following the extensional rearrangement of
the Apennine belt masses. The focal mechanisms obtained from instrumental seismic
records [51] suggest that a tensional regime could still be active. The NE–SW active
extension in this area was also previously inferred by Di Bucci et al. [74] on the basis of
mesostructural analysis. This behavior is also evidenced by the elevation of marine terrace
deposits, which showed differential VLMs in the study area [62,79–81]. VLMs assessed
through the elevations of the Last Interglacial deposits showed uplift rates of about 0.01 mm
per year [62].

3. Materials and Methods

In order to evaluate the functional height of the investigated geoarchaeological mark-
ers, the following operative procedure of analysis is proposed (Figure 3):

• Step 1: Identification of geoarchaeological markers and of the related architectural
elements that determined their functionality at the time they were built
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Figure 3. Steps of the proposed methodological analysis procedure to evaluate the paleo sea-level
position using geoarchaeological markers.

This step requires in-situ observations carried out by a multidisciplinary team, com-
posed at least of a geologist, a geomorphologist, and an archaeologist; the expert-based
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survey is fundamental for the historical contextualization of the marker and for the defini-
tion of the local physical parameters.

• Step 2: Attribution of the age to the geoarchaeological markers with relative error
estimation

This step can be supported by a deep desk review (in which peer review articles
and/or grey literature available for the investigated sites can be taken into account); also,
in this case, an expert-based judgment can support the age attribution to the investigated
archaeological sites.

• Step 3: Realization of a topographic survey of the geoarchaeological markers

This step consists of the definition of all the operative details required to obtain high
resolution and accurate topographic data for the investigated markers.

• Step 4: Determination of the functional height of the geoarchaeological elements with
respect to the tidal conditions at the time of the survey

This step is based on the analysis of tide-gauge data available for the investigated
coastal sector, performing a correction on the topographic data with the sea level measured
by tide sensor and VLMs.

• Step 5: Evaluation of the paleo sea-level position

This step consists of the integration of all the collected data for evaluating the sea-level
position coeval with the investigated marker, considering the following relationship:

PSL = EG + FH ± VLM + tide phase (1)

where PSL is the past sea-level position, EG is the elevation above sea level (a.s.l.) of the
geoarchaeological marker, FH is the functional height of the geoarchaeological marker,
VLM is the vertical land movement due to tectonic or anthropogenic factors, and tide phase
represents the tide range to be considered in the assessment of the tide level in the past. In
the case of uplift, the VLM value must be subtracted, while in the case of subsidence, the
VLM value must be added.

In the following, the operative details related to the acquisition of topographic data
and tide phases are illustrated for the assessment of the functional height of the coastal
quarries of Mola di Bari (Figure 4).

A TLS survey was performed with a Faro Focus X130, a phase difference laser scanner
that acquires a point cloud of the emerged surface with an accuracy of one-tenth of a
millimeter at a range of 100 m. The instrument consists of an emitter that directs a laser
beam towards the surrounding environment through a rotating prism. When the emitter
is activated, the instrument rotates on itself to direct the laser beam in all directions.
The evaluation of the distance is given by the phase difference between the incident ray
and the reflected ray, which attributes a specific distance to each impacted point that
corresponds to the space between the instrument and the point impacted by the laser
beam. The information for each of the acquired points includes the spatial coordinates
derived from a GPS integrated with the instrument, the reflectance of the laser beam, and
the chromatic values acquired with the instrument’s integrated camera. The correction of
spatial coordinates in ellipsoid elevations was performed through Ground Control Points
(GCPs) obtained through the GPS-RTK acquisitions. Next, the ellipsoid elevations were
reported at the geode level using the ITALGEO 2005 grids.
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Figure 4. Topographic survey at Mola di Bari; (a) TLS point cloud of the coastal quarries of Mola
di Bari with the delimitation of the main architectural elements that define their functional height;
(b) quarries carved in the proximity of the Via Traiana; (c) quarries connected to the sea through a
drainage channel.

Four scans were acquired and positioned at four vertices of a quarry in direct con-
nection with the sea through a water distributor channel and connected to other adjacent
quarries through small holes (Figure 4). The distribution of the scanning points was chosen
in such a way as to fully cover the architectural elements of the coastal quarry and to also
acquire the internal walls so that they are perfectly visible during the processing phase. The
point clouds were cleaned of noise corresponding to humidity and atmospheric particulate
matter and were subsequently merged to obtain a single general point cloud of coastal
quarries. From the general point cloud, it is possible to measure and trace each scanned
architectural element, to be able to analyze its dimensions, and contextualize its location
compared to sea level. From the point cloud, it is possible to measure the height of the
detachment surface, which was partially submerged by a water column of −0.08 to −0.1 m
at the time of acquisition.

Sea-level recorded at the Brindisi tide gauge (property of the AdBP) have been ana-
lyzed to define the tide conditions during the laser surveys. The tidal data have a sampling
step of 15 min with an accuracy of 1 cm, which can be compared with the uncertainty of the
laser measurements. The elevation of TLS data was corrected with the sea-level position
recorded by the tide sensor at the moment of the survey. To assess the tide phase that
influences the coastal area, Brindisi tide records (property of AdBP) and Bari tide records
(property of ISPRA) were processed through a spectral analysis to detect the frequency
components of tide signals. The spectral analysis was performed through a Continuous
Wavelet Transform (CWT), using the Wavelet “Morlet” [82,83] to identify the tide phases
that must be considered for the assessment of functional height. The spectral analysis shows
the tidal signals together with the scalograms. The scalograms represent the percentage of
energy for each wavelet coefficient. The highest percentage of energy is attributed to the
highest tide level reached in 2019–2020.
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4. Results

Through the application of each step of the proposed protocol in Section 3, the follow-
ing results were obtained:

1. Identification of geoarchaeological markers and of the related architectural elements
that determined their functionality at the time they were built

Along the coasts extending between Bari and Brindisi, the most ancient settlements
were attributed to the Bronze Age, in which the topography of the area allowed maritime
activities for the trans-Adriatic trade [46,84,85].

An important merchant harbor was located in Egnatia, 60 km SE from Bari, where
wares were moved from Apulia to Lucania and along the Via Traiana. Trade activities in-
volved the extraction of limestone blocks, which were transported along the
Via Traina [11,46,84].

Currently, the former coastal quarries are partially submerged and are characterized by
a detachment/mining surface connected to with the sea through a 0.6 m wide channel that
drained the rainwater. The quarries are arranged adjacent to each other, and are designed
to improve the extraction of limestone blocks and to facilitate their transport both by sea
and by land.

2. Attribution of the age to the geoarchaeological markers with relative error estimation

As the coastal quarries detected are similar to those located along the Via Traiana
in San Vito (province of Bari) and Egnatia (province of Brindisi), they can be attributed
to the fifth and fourth centuries BC [11,31,84]. On the other hand, anthropogenic items
found in the tombs carved into the Egnatia coastal quarries have been found to be about
2400 years old [11,86], with an uncertainty of approximately ±100 years, as derived from
dating methods [42,87].

3. Realization of a topographic survey of the geoarchaeological markers

The TLS survey allowed us to obtain the scans of all the architectural elements of the
investigated coastal quarries and define the elevation of the detachment/mining surfaces.
A joint analysis using TLS and GPS-RTK data provided georeferenced point clouds in
which each point reports the coordinates and elevations of the scanned environment, with
reflectance and RGB color value. From the scans, it was possible to measure the distance
from each architectural element. The detachment/mining surfaces of the quarries were
used as a geoarchaeological marker for the assessment of the functional height. The depths
of these surfaces were about −0.08 to −0.1 m below sea level at the time the survey was
carried out on 19 March 2019.

4. Determination of the functional height of the geoarchaeological markers with respect
to tide phases and VLM

The TLS survey was carried out on March 19, 2019 in low tide conditions. The Brindisi
AdBP tide gauge measured a tide level equal to –0.50 m with respect to the geodetic
surface. Considering that the detachment surface of the coastal quarry with respect to the
tide level is located at a depth of −0.08 to −0.1 m below sea level, its relative elevation
compared to the geodetic surface was equal to −0.58 to −0.60 m at the time of the survey
(Figure 5). In order to assess the maximum tide level on the Mola di Bari coast, tide records
for the Brindisi and Bari stations were analyzed through spectral analysis (Figure 6). The
scalogram of the spectra showed that the highest tide level reached values of 0.21 ± 0.1 m
in Brindisi and 0.52 ± 0.1 m in Bari (Figure 6), with a tidal range of 0.36 ± 0.1 m.
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Figure 6. Spectral analysis performed on the tide gauge from Brindisi (property of AdBP) and tide
gauge from Bari (property of ISPRA) showed the highest tide level reached in 2019–2020.

VLMs assessed through the elevation of Last Interglacial deposits in the area of
Bari [62] showed uplift rates of about 0.01 mm per year, which allowed us to calculate a
VLM of about 0.02 ± 0.01 m from the Bronze Age.

5. Evaluation of the paleo sea-level position

Based on our study of the reference literature, it emerged that the detachment surface
of the Roman coastal quarries had a functional height of 0.30 ± 0.1 m above the high tide
level [6,11].

The assessment of the past sea level was obtained through Equation (1) (see Step 5 in
Section 3), where:

• EG is equal to 0.58 ± 0.2 m and represents the elevation of the detachment surface;
• FH is equal to 0.30 ± 0.1 m a.s.l.;
• VLM is equal to 0.02 ± 0.01 m;
• the local tide range is 0.36 ± 0.1 m;

Applying Equation (1), the past sea-level position is equal to −1.22 ± 0.3 m. Consider-
ing the temporal attributions of the open quarries located at Egnatia (Brindisi), which are
similar in architectural features and are close to the Via Traiana, the quarries of Mola di
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Bari could be ascribed to the same temporal range. Thus, the quarries of Mola di Bari could
be ascribed to the period between the fifth and fourth century BC with a mean sea level
corresponding to −1.22 ± 0.3 m lower than present levels (Figure 7).
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5. Discussion

In this study, the partially submerged coastal quarries located along the coast of the
province of Bari (in the Apulia region) were surveyed to assess the past sea-level position.
Quite similar quarries are located along the Via Traiana, which connected the city of
Benevento to Brindisi; in addition, sarcophagi from the fifth and fourth century BC were
found at the base of the quarries in Egnazia (Brindisi) [40]. These last findings allowed us
to ascertain when the quarry stopped being used for extraction purposes as dating of the
anthropogenic materials in the sarcophagi and tombs indicated an age of 2400 ± 100 years
BP [11,59,88], which indicates that quarrying halted before this date. Submerged graves
from the Imperial Roman age have also been found at San Vito near Polignano [89] and in
Torre Santa Sabina localities [86,87]. It is not always possible to date the coastal quarries
with high accuracy, even if the territorial context, the blocks module, and architectonical
elements left in situ are significant archaeological indicators [40].

These coastal quarries have been affected by uplift rates during the Upper Pleistocene
and Holocene, ranging from about 0.13 mm per year in the Taranto area to zero in the
southernmost part of the region, although low rates of uplift along the Adriatic coast during
the Holocene may have occurred [47,48,90,91]. The VLMs caused by uplift movements
resulted in a vertical displacement in the functional heights of 0.02 ± 0.01 m [9,92,93]. For
this reason, the combined use of sea and weather data with topographic data allows us
to make a detailed analysis of the height of the detachment/mining surface of the coastal
quarries with respect to the current sea level.

In previous works [1,11,17], the functional height of the detachment surface of the
coastal quarries was estimated to be about 0.3 m above the high tide level. Nevertheless,
the attribution of functional height is not always homogeneous in Mediterranean coastal
quarries; by way of example, in Sicily, Scicchitano et al. [6] defined a functional height
higher than 0.6 m. Assessment of the present-day elevation of the coastal quarries compared
to their functional height in Mola di Bari provided a past-sea level of −1.22 ± 0.3 m lower
than the present level at 2400 ± 100 years BP. This value is in agreement with the analysis
of piezometric surfaces performed by Milella et al. [42] along the Egnatia area.

The definition of the sea level based on the functional height of an investigated archae-
ological marker can be used to calibrate the proposed sea-level models. In Figure 8, position
data related to the geoarchaeological markers located along the coast of the Apulia region
are compared with two relative sea-level curves obtained from (i) the isostatically corrected
sea-level positions proposed by Lambeck et al. [2] for the investigated coastal sector (Site
25—Latitude 41.245 N, Longitude 16.507 E Greenwich), and (ii) the ICE-7G model [3,5] for
the Southern Adriatic area (Latitude 41.341 N, Longitude 17.150 E Greenwich).
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Figure 8. Comparison of sea level data from the current elevations based on geoarchaeological
evidence along the coast compared with the Lambeck curve [2] and ICE-7G [3,5].

As occurred for similar markers measured along other Mediterranean coastal stretches
such as open or marine-influenced lagoonal deposits, brackish environment, and beach
rocks [11,17,51,89,94,95], the position of the investigated quarries falls above the Lambeck
et al. [1,2] curve. This result may indicate that the glacial-isostatic model underestimates
the Holocene sea-level values at the local scale. On the other hand, the ICE-7G model
may overestimate the Holocene sea-level values in the investigated Mediterranean area. In
fact, as shown in Figure 8, sea level data derived from the archaeological markers in the
coastal sector of the province of Bari are lower than the values indicated by the model. This
may be due to the specific ICE-7G model configuration since this model is calibrated on
observational data concentrated in the polar areas but does not take into consideration the
observational data from areas far from the glacier formations in the last 12,000 years [3,17].

This study also highlights some considerations on the use of TLS technology in the
measurement of the functional heights of the geoarchaeological markers. First, compared
to other methods, such as the differential GPS or total station, the use of TLS allows
topographic data to be acquired more quickly, thus reducing the in situ operational efforts.
In addition, the high resolution of the acquired data reduces the uncertainty in the position,
performs a more detailed analysis of the functional height, and provides more reliable
spatial information. Finally, the measurements of the topographic survey can be compared
with a local geodetic elevation, which can be measured just as precisely by analyzing local
tidal data.

6. Conclusions

In this paper, a methodological approach for the evaluation of paleo sea-level position
using high-resolution topographic methods coupled with the accurate definition of the
current sea level is proposed. The analysis was applied to the investigation of ancient
coastal quarries located along the coastal sector of Bari. The operative implementation of all
the proposed procedural steps, which include in situ marker recognition, a deep literature
review, high-resolution topographic data acquisition coupled with the definition of the sea
level at the time of the survey, data integration, and final data interpretation, allowed us to
estimate a paleo sea-level position of −1.22 ± 0.3 m between the fifth and fourth centuries
BC along the coastal area of Bari.
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In addition, this work shows that the use of the TLS survey allows the estimation of
the functional heights of archaeological structures with very high resolution. On the other
hand, the uncertainty about the age of geoarchaeological elements is greater than the errors
of topographic data, as modern dating methods are affected by random errors, and the
most reliable sources for attributing an age to archaeological finds are historical archival
documents.

In conclusion, despite the inherent difficulties in obtaining reliable data, the study
testifies to the advantages of an integrated archaeological and geological approach, which
helps to obtain an indication of the local relative paleo sea-level position. These results are
very useful for supporting the local calibration of models, and for the definition of paleo
sea-level curves.
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