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Abstract

Sea level indicators, such as tidal notches and beachrocks, may provide valuable
information for the relative sea level changes of an area. Beachrocks in particular have
received various arguments concerning their use as reliable sea level indicators and
their formation environment. This work focuses on the coasts of East Attica in order to
trace the palaeoshorelines of the Upper Holocene through the study of beachrocks. The
coastal zone was surveyed in detail by snorkelling and diving, in order to locate, map
and sample beachrocks. The samples were studied under a SEM, which showed that the
beachrocks are mainly composed of quartz grains, a few calcites and feldspars, while
the carbonate cement is characterized with the presence of MgO at percentages between
5and 7.8%. Based on correlations with published drillings in the study area, the studied
beachrocks should not be older than 2000 years BP.
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Iepiinyn

O1 Jdeikteg Boldooiog orabung, Omws o1 maAPPoiokes eykomés kail o1 oktolifol,
TOPEYOVY TOADTIUES TANPOPOPIES Yia. TIS TyeTIKES ueTafolés e Balaooios otabung
oG weproyng. 2vykekpiueve. o1 axtorifor Exovy avlnthbel opkeTés Popés, ws mpog Ty
xpron tovs w¢ adiomarol Jeiktes Boldooiog orabung kai ws mpog 10 mEPIPALLioV
oynuorionod tovg. H ovykexpiuévny epyacia eotidler otic axtés e Avotolikng ATtikng
WOTE VA EVIOTITEL TIG TAAALOOKTOYPOLUES TOV Avdtepov OAOKOIVOD, e THY Xpron TwV
oktol1bwv. I'a tov oKomo avTd, N TOPLKTIo. OV EPEVVIONKE JEMTOUEPDS, DOTE VO,
EVIOTIOTODY KOl Va. Yoptoypagnfovv ot supavioeic axtolibwv kabwng va IngBodv
oetyuoza. Ta detyuora ueletnBnray oto Higrxtpoviko Mixpookornio Zapwong, to omoio
&oeile oti 01 aKTOAMBOL TS TEPLOYNS OTOTEAODVTOL KUPLWG 00 yolalia, oofeotites Kal
0oTPIOVS, VM T0 OVOPOKIKO OLYKOAANTIKO DAIKO yopartnpiletal amd TV Topovsio.
MgO oe moooota pertalv 5 kor 7.8%. H ovoyétion twv axtolbwv ue dabéciua
OTPOUATOYPOPIKG, E0€1CE OTL 1] nAikia TV okTOlIBWY THS TEPIOYTC JEV Elval LeyoidTepy
omo 2000 ypovia BP.

Aé&eig Khe1d1d: axrorifor, Avarrepo OAokorvo, mopaxtieg petofolés, oralun Goloooog.
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1. Introduction

Remains of past sea levels, such as tidal notches, benches and beachrocks, may provide valuable
information for the investigation of relative sea level changes. Beachrocks are formed in the coastal
zone, consisting of beach sediments that are lithified through the precipitation of carbonate cements.
Beachrocks have been used as indicators of sea level change in various studies (e.g. Kindler and
Bain, 1993; Chowdhury et al., 1997; Tatumi et al., 2003; Desruelles et al., 2004, 2009), and have
proven particularly useful when no other indicators are available or when they are coupled with
other sea level data. Nevertheless, their role as sea level indicators has received some arguments.
According to Hopley (1986), beachrocks are more reliable in microtidal environments, while
Kelletat (2006) considers a supratidal genesis and has discussed that their relation to other sea-level
indicators should be taken into consideration, i.e. the deposition and cementation history of the
beachrock material should not contradict other objective indicators, such as notches. According to
Desruelles et al. (2004), beachrocks that have formed in the intertidal zone by carbonate cementation
during periods of stable relative sea-level, are good sea-level indicators. A recent study by Mauz et
al. (2015) has reported how a beachrock can be transformed into a sea-level index point (cf. Shennan
et al., 2015) with well-defined indicative meaning. Furthermore, the cement mineralogy and
morphology is indicative of the diagenetic environment (Gischler, 2007), and by examining the
cement characteristics and microstratigraphy it is possible to identify the cement type and the spatial
relationship between coastline and beachrock formation zone (Mauz et al., 2015).

Dating of beachrocks is also a challenging task (Hopley, 1986; Goodwin, 2008). As Hopley (1986)
has argued, although biogenic material can be easily dated with radiocarbon, the results must be
evaluated with caution. The age obtained is the date of death of the organism and there is likelihood
that the difference in time from the death of the organism to its incorporation in the beachrock may
be hundreds or thousands of years (Hopley, 1986). During the last decade, the OSL method has also
been attempted to date beachrocks for the reconstruction of palaeoshorelines along the Brazilian
coast (Barreto et al., 2002; Tatumi et al., 2003), India (Thomas, 2009) and Turkey (Erginal et al.,
2010) and the results were also compared/constrained by radiocarbon dating.

In this context, this work focuses on the east Attica coasts in an attempt to trace the palaeoshorelines
of the Upper Holocene through the study of beachrocks and their correlation with other available
sea level indicators from the study area (e.g. stratigraphic data, archaeological data, etc.).

2. Study area

The study area is located in the eastern coasts of Attica (eastern Greece), extending from Porto Rafti
to Marathon (Figure 1). The lithology of the coastal area consists of Quaternary sediments, in the
northern part, while towards the south the area is composed mainly of schists and marbles.

The dominant features of NE Attica are Parnitha and Pendeli mountains, bounded by Neogene
shallow basins of NW-SE and NE-SW direction (Freyberg, 1951; Mettos et al., 2000). According
to Papanikolaou and Papanikolaou (2007) NE Attica forms a tilted tectonic block rotating to the S-
SW, bounded by the Afidnai fault to the south and the Oropos fault to the north. The wider area
shows no indications of major earthquakes during the last 2500 years (Ambraseys and Jackson,
1998). Both historical and instrumental data provide no evidence for large earthquakes for the period
1700-2000, with the exception of two events, in 1705 and 1938 (Ganas et al., 2005; Papanikolaou
and Papanikolaou, 2007).

Palaeogeographic research in the study area has also taken place in Vravron by Triantaphyllou et al.
(2010), and in Marathon by Baeteman (1985) and Pavlopoulos et al. (2006). According to
Pavlopoulos et al. (2006), the relative sea level rise in Marathon, for the period 5250-1252 BP, was
estimated between 2 and 2.5 m (0.50-0.62 mm/yr), while for the last 3800 years it reached a rate of
about 0. 43 mm/yr. In Vravron, a relative sea level (RSL) rise at a rate of about 0.49mm/y for the
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last 3462 years BP was estimated based on peat, while, based on marine gastropod datings, the RSL
rise was estimated at a rate of 0.69mm/y for the last 4709 years BP (Triantaphyllou et al., 2010).
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Figure 1 - Location of the study area (a) and sites of investigated beachrocks (b).

3. Materials and Methods

The coastal zone of Eastern Attica was surveyed in detail in order to locate beachrocks. All
submarine features were surveyed in detail by snorkelling. In beachrock occurrences, their thickness,
width and inclination were measured, while their depths were referred to the sea level at the time of
the measurement. At each site, one or more transects were performed, depending on the particular
features of beachrocks (Figure 2).

In order to determine the nature and composition of the beachrock cements, samples were collected
from all sites by diving. Thin sections were cut from the samples and were studied and analysed
under a Scanning Electron Microscope (SEM), in order to determine the carbonate composition of
the cements and characterize the nature of the constituents and the geochemistry of the cements.

An attempt was made to date selected samples with OSL, however, because the samples were too
coarse grained, it was impossible to proceed with the method. As a consequence, relative dating of
beachrocks was made, by correlating them with 1“C datings from sedimentological data of drillings
in nearby locations.
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Figure 2 - (A) Submarine transects from Agia Marina (BR-7), (B) sampling of beachrocks,
(C) submarine beachrocks in Porto Rafti at about -1.3 m.

4. Results

Beachrocks have been identified in seven locations, from the bay of Porto Rafti to Marathon Bay
(Table 6) (Karkani, 2012). In St. Panteleimonas (BR-1), Marathon Bay, the beachrocks have a
thickness of 15-20 cm and extend from +21 cm above sea level to a depth of -70 cm. In Nea Makri
(BR-2), the beachrocks are found from +36 cm to a depth of -110 cm. In Artemida (BR-3), beachrock
benches extend from -32 cm to -180 cm. In Vravron (BR-4) area, beachrock benches are found at
sea level down to a depth of 60 cm. In Porto Rafti area, three locations with beachrocks were
identified, extending from +16 cm to -130 cm (BR-5), 0-150 cm (BR-5) and 0-180 cm (BR-7)
respectively. In each location, various transects were carried out according to the characteristics of
the beachrocks (see Figure 1).

At sites BR1, BR2 and BR3 extensive parts of the beachrocks are removed or destroyed by human
activities, in order to make the coast more accessible to the general public. In St. Panteleimonas and
Nea Makri, in particular, broken and transported slabs were found in the submarine part of the coast.
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Table 1 - Location and characteristics of beachrocks
Location Site Longitude Latitude Depth n reIa'Flon to SL. (cm)
minimum; maximum
St. Panteleimonas | BR-1 | 23°58'47.39" | 38°6'3.34" +21; -70
Nea Makri BR-2 | 23°58'52.27" | 38°5'14.17" +36; -110
Artemida BR-3 | 24°0'19.28" 37°57'55.75" -32; -180
Chamolia BR-4 | 24°0'42.40" 37°55'10.01" 0; -60
Porto Rafti BR-5 | 24°0'45.29" 37°52'49.35" +16; -130
Porto Rafti BR-6 | 24°0'48.82" 37°52'37.08" 0; -150
Porto Rafti BR-7 | 24°1'6.30" 37°52'14.25" 0; -180

Examination of the samples under a Scanning Electron Microscope (SEM) showed that the studied
beachrocks are mainly composed of quartz grains, with the presence of a few calcites and feldspars,
while no bioclasts were observed (Figure 3). The carbonate cement is characterized with the
presence of MgO with percentages between 5 and 7.8%. In terms of cement morphology, micritic
and fringe forms have been observed in most samples, as well as meniscus cement.

Figure 3 - Cements observed in the studied beachrocks.

5. Discussion

Beachrocks were identified at various depths, and in particular, in St. Panteleimonas at - 70 cm, in
Nea Makri at -110 cm, in Artemida at -180 cm, in Chamolia at -60 cm, in Kalos Yialos at -130 cm,
in Porto Rafti at -140 cm and in St. Marina at -180 cm. The presence of beachrocks at depths ranging
between -60 and -180 cm testify to a regime of subsidence for the study area. At first view, this
subsidence appears greater towards the south. On the other hand, in Marathon bay, beachrock slabs
were also found between +21 cm (BR-1) and at +36 cm (BR-2).

Based on some available stratigraphic data from Triantaphyllou et al. (2010), who performed
drillings on the coastal plain of VVravron bay, an attempt is made to estimate the age of the beachrocks.
Based on radiocarbon ages from drillings by Triantaphyllou et al. (2010), the beachrocks, located at
a depth between 60-70 cm (BR-1, BR-4) may be tentatively dated at about 950+50 BP (1434-1645
AD), based on marine gastropod shells (Murex sp.) that were found at a depth of 65 cm below sea
level (Triantaphyllou et al., 2010).
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In a similar manner, the beachrocks found at a depth of about -180 cm (BR-3, BR7) may be
tentatively dated at about 1730 + 50 BP (692-934 AD), based on marine gastropods (Murex sp.)
found at -1.7 m (Triantaphyllou et al., 2010).

The aforementioned correlation indicates that the studied beachrocks overall may not be older than
2000 years BP. Although the presence of beachrocks at various depths, reaching -1.8 m, suggests a
general subsidence for the study area, in the north part beachrock outcrops above sea level (Figure
4) imply uplift. This observation is consistent with the presence of uplifted tidal notches found on
the coastal zone north of Marathon at +24 and +40 cm (Evelpidou et al., submitted).

Figure 4 - Beachrocks outcrops above sea level at sites BR1 (left photo) and BR2 (right
photo)

6. Conclusions

This work focused on the coasts of East Attica in order to trace and study beachrocks. Beachrocks
were identified in various depths, reaching -1.8 m, in the south part, while on the north part
beachrock slabs were also found between +21 ¢cm and +36 cm. Examination of the samples under
SEM showed that the studied beachrocks are mainly composed of quartz grains, with the presence
of a few calcites and feldspars, while the carbonate cement is characterized with the presence of
MgO at percentages between 5 and 7.8%. Based on correlations with published drillings in the study
area, the studied beachrocks should not be older than 2000 years BP.
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