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Abstract

Recent studies have widely used beachrock samples for isotopic and dating techniques; however
the source matrix of the analyzed samples varied. Bulk rock material, skeletal fragments, allochems
and pure cement have been used in different studies. Basic parameters of each technique are cru-
cial for the accuracy and the reliability of the obtained results, affecting each time important agents.
This study includes isotopic analyses (6"°C, 6'*0) of marine carbonates (beachrocks) from the coasts
of N. Greece (Thassos island). The sub-sampling was carried out along beachrock cores, following
different procedures and protocols. The obtained results show in general expecting differences in iso-
topic composition of the samples. Experiments that included heating of the samples show an influ-
ence on oxygen isotope. Different separation and selection of sampling material affect majorly the
isotope of carbon (*C). Differences are attributed to the origin of the carbonate component of the
analyzed material. The study indicates that a full-range of comparison experiments should be im-
plemented in order to define in detail the analytical parameters that affect isotopic measurements.
The results of that kind of studies will be used not only in stable isotope analyses but also in a vari-
ety of methods used in palaeoclimatic and palaeoenvironmental research.
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1. Introduction

The rapid cementation of beach sediments in the intertidal zone leads to the formation of charac-
teristic synsedimentary lithified structures termed as beachrocks (Rey et al., 2004). Beachrock is a
hard, rocky, coastal formation, lithified in the intertidal zone by carbonate cements. The importance
of beachrocks can be rendered in three main topics: their impacts on coastal evolution (Cooper
1991), their role as sea-level indicators (Hopley, 1986; Caldas et al., 2006) and the information they
contain regarding the coastal processes of cementation and palacoenvironmental evolution (Long-
man, 1980; Vieira and De Ros, 2006).
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There have been numerous mechanisms proposed for beachrock cementation by calcium carbonate
(Scholten, 1972):

1. Abiotic precipitation from evaporation of sea water (Ginsburg, 1953; Emery et al., 1954;
Stoddart and Cann, 1965; Moore and Billings, 1971; Milliman, 1974; Beier, 1985).

2. Abiotic precipitation from ground water (Russell, 1962, 1963; Deboo, 1962; Russell and
Mclntire, 1965).

3. Abiotic precipitation in the salt water-fresh water mixing zone (Schmalz, 1971; Moore,
1973).

4. CO2 degassing from beach ground waters (Hanor, 1978).

Several studies have been carried out using the isotopic signature of carbonate cements in the ma-
rine-phreatic environment. Authors have used in the past stable isotopes (Beier, 1985; Chaves and
Sial, 1998; Friedman, 2004; Holail and Rashed, 1992; Land, 1970; Vieira et al., 2006) based on
whole-rock samples and isolated cement. The case of whole-rock sampling for isotopic analysis car-
ries wide erroneous parameters which may lead to false isotopic fingerprints for the carbonate pre-
cipitates and thus to misleading conclusions on diagenetic environments and palaeoclimatic
interpretations. For reference, Vieira et al. (2006) attempted to determine the origin of Holocene
beachrocks in NE Brazilian coast by measuring the isotopic composition of bulk-rock samples after
defining their cement petrography. The range of isotopic values reached up to 11,4%¢ and 3,9%o for
0"*C and 0'%0 respectively, indicating “contaminated” samples by allogenic carbonates. Also, Land
(1970) studied the diagenetic features between phreatic and vadose beachrocks from Bermuda, in-
dicating a wide range of 8'*C values (2,2 to -6,8%o) and relatively lower differences in 6'*O. Other
studies used beachrock cement (e.g. Chaves and Sial, 1998; Calvet et al., 2003; Spurgeon et al.,
2003; Friedman, 2004; Guerra et al., 2005) isolated by simple techniques, achieving lower range of
isotopic values however showing wide differences between same environment of precipitation.

This study aims to compare the isotopic composition of specific levels inside a carbonate formation
like beachrock. In particular, samples from the same level were analyzed, differing from each other
on the sampled material. Bulk rock sample, macroscopic and microscopic selection, stirred and dried
material are some of the selected methods of sample extraction for isotopic analysis. The results are
plotted on diagrams and compared, in order to evaluate the reliability and suitability of sampling
methods for isotopic analysis. Samples were taken from the same level of the formation in order to
avoid differences of values originated in different precipitation conditions.

2, Setting of the study area

The studied beachrock used in this work is located in Thassos Island (N. Greece), in Northern Aegean
Sea. The study area is located at the west coast of the island, between Skala Sotira and Skala
Kallirachis villages (Fig. 1). The beach is 375 m long and reaches width of 25 m (Psomiadis et al.,
2009a). Coastal sediments are fine to medium well graded sand with some gravels on the south side
where a stream is discharging.

The prevalent rocks in the area are gneiss and marbles. The basins that end up to the study area in-
clude Holocene sediments, Miocene marbles, marbles and gneiss alternations and Maries gneiss
(Mountrakis, 1985). Two local ephemeral streams end up to the study beach, with a total length of
26,48 km, which cross carbonate rocks and transfer similar sediments to the coast. The area of Thas-
sos is characterized by coastal — marine climatic type, transitional to continental climate (high sum-
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Thassos Is.

Fig. 1: Simplified map showing the area of study. The studied beachrock is located at the west coast of Thas-
sos Island, between Skala Sotira and Skala Kallirachis villages.

mer temperature, storms), due to the slight distance of the island from the coast of Macedonia at the
north. The average annual temperature is 15,8°C, the average annual precipitation is 770 mm and the
prevalent wind direction is NW for the western part of the island (study area). The exposed beachrock
is located in the swash zone and dips gently seawards (mean 5°), following the arrangement of the
beach. The main body of the formation has a total length of 305 m and exposure width 2-10 m. The
height of the beachrock at its underwater face reaches up to 70 cm. This face is quite steep and has
been undercut in many places, resulting in cracking, collapsing, even in displacement of blocks of
the formation. Ultra-sonic velocities recorded that deeper layers are less porous than surficial, indi-
cating older age at the bottom (Psomiadis et al., 2009b). At the north end, a jetty separates the study
beach from the prolongation of the coastline at the north.

3. Methods
3.1 General

Beachrock formation from S .Kallirachis beach (Thassos Island, N. Greece, Fig. 1) was drilled and two
cores were used in the experimental procedure. The cores were 8 and 20cm long each and their di-
ameter was 2.5cm. Whole-rock samples were separated from the cemented sediments. The different
procedures of sample handling included specific parameters that may cause isotopic fractionation
(e.g. temperature). The techniques are separated to mechanical and physico-chemical. The first group
consists of a) whole-rock grinding, b) macroscopic separation by light grinding, vibration and selec-
tion of pale dry grapes, ¢) microscopic separation by stereo-microscopic selection of carbonate grains,
and d) microscopic selection of quartz grains with carbonate cement coating. The physico-chemical
procedures included a) whole-rock processing by light grinding, dilution in distilled water by stirring,
extraction of CO5™ solution and drying in room temperature (approx. 48h), and b) whole-rock pro-
cessing by light grinding, dilution in distilled water by stirring, extraction of CO; solution and dry-
ing in oven at 70°C for 24h. All samples were grinded to powder after processing and 8'*C and 830
isotopic ratios were measured (vs. PDB standard) on a Thermo Delta V Plus isotope ratio mass spec-
trometer equipped with a GasBench II device at Stable Isotope Unit, .LM.S., NCSR Demokritos,
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Fig. 2: Carbon isotopic variation of beachrock samples, processed by 6 different techniques (4 mechanical and
2 physicochemical). M1: whole-rock grinding, M2: macroscopic separation by light grinding, vibration and se-
lection of pale dry grapes, M3: microscopic separation by stereo-microscopic selection of carbonate grains,
M4: microscopic selection of quartz grains with carbonate cement coating, PC1: whole-rock processing by
light grinding, dilution in distilled water by stirring, extraction of CO3- solution and drying in room tempera-
ture (approx. 48h), PC2: whole-rock processing by light grinding, dilution in distilled water by stirring, ex-
traction of CO3- solution and drying in oven at 70°C for 24h.
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Fig. 3: Oxygen isotopic variation of beachrock samples, processed by 6 different techniques (4 mechanical
and 2 physicochemical). Legend same as Figure 2. The two cores are correlated relatively to the beachrock
surface, in order to have one reference depth for all samples. The number of samples per technique varies, de-
pending on the physical or chemical tolerance of the material during the laboratory experimental processing.
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Athens; after addition of H;PO, for CO, production at 72°C. The standards used for comparison were
NBS 19 and NBS 18 carbonates and an internal Carrara marble standard.

4. Conclusions-Results

Carbon and oxygen isotopic composition of the samples was plotted in diagrams versus their depth
from beachrock surface (Fig. 2 and 3). Isotopic variation of 6'*C indicates a general similarity for
most techniques, with a light divergence for M1 and a total alteration for M3. Except from the fact
that these two techniques included the fewer samples, resulting in lower analytical resolution, their
differentiation from the other techniques could be attributed to material composition (especially for
M3) as the microscopic grain selection results in more thorough carbonate material separation for
analysis. Regarding the oxygen isotopic variation, the observed alterations can be dissociated in two
basic causes: either physicochemical implications through processing (temperature, PC1 vs PC2) or
material composition (M1, M2 vs M4). In particular, the physicochemical techniques reach a good
agreement in variation but they show an alteration (8'*0 enrichment in PC2), which is attributed to
possible temperature effect on diluted and re-precipitated carbonate crystals during processing (Clay-
ton, 1961). Techniques M1 and M2 gave similar results, whereas M4 follows same isotopic varia-
tion versus depth relatively to M1 and M2 but shows a §'#0 enrichment, probably due to different
material composition (totally bulk material for M1 and M2 versus carbonate coating around quartz
grains for M4. M3 is presented irregular to the other techniques in that case too.

In conclusion, isotopic composition of whole-rock beachrock samples is affected in different inten-
sity by the experimental processing during preparation for analysis. Carbon and oxygen isotopes
show different variation due to their sensitivity to physicochemical agents. The material composi-
tion affects greatly 8'3C, while 6'30 is influenced mostly by temperature, and secondly by the pu-
rity of the carbonate material. Further research should focus on specific parameters like mineralogy
of cement, affecting the isotopic fingerprint of carbonate cements.
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