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Radiocarbon Dating of Marine Shell from Songkla Province
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Abstract

The "C dating technique is widely used in archaeological studies. Typical materials for radiocarbon dating
include wood, charcoal, bone, earthenware and fossil shells. However, dates of earthenware may possess error
because the clay materials contain a small amount of carbon and they provide older ages corresponding to original
clay formation. The use of marine shells for e dating can be applied to study of chronology settlement and to
search former shorelines with a reliable results. This paper considers the reliability of radiocarbon dates of marine
shells and presents the preliminary e dating results of marine shells (Anadara granosa) excavated from Songkla
province. Seven shell specimens revealed sequence dating between 510 and 6950 years. Two marine shells
indicated recent past while the wood specimen obtained 3300 years. It is suggest that analysis of several and various
specimens excavated within a stratum should be confirmed the results. In addition, selecting appropriate specimens

can be minimized the 'C dating error.
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Introduction

Radiocarbon dating has been widely used in the
multidisciplinary studies throughout the world since its
discovery by W. F. Libby sixty years ago. The studied fields
include climate change, oceanic circulation, archaeology,
hydrology and many aspects of Earth sciences. The Earth’s
environment has been changed by climatic variations and
human activities in the past few centuries. Studies of these
changes require a precise and accurate chronological
frame work, to which radiocarbon dating can contribute.
The technique provides one of the most reliable and
well-established means of dating the Holocean and late
Pleistocene. Hua (2009)

Aquatic mollusks occupy a wide variety of environ-
ments, from marine to brackish to fresh-water, and tropical
to arctic, and they exhibit a wide variety of preferences
for different bottom conditions; many live in clean sand,
others are mud dwellers, still others prefer to attach
themselves to rocks exposed at low tide. Marine shells
consist mainly of either calcite or aragonite which serves
well for radiocarbon datine.

The most often used fraction in radiocarbon dating
is the calcium carbonate, which is the inorganic fraction of
the shell, and it is the largest percentage fraction. The use
of marine shells for “C dating can be applied to study of
chronology settlement and to search former shorelines
with a reliable results. Pigati, J. S. Rech, J.A. & Nekola, J.C.
(2010)

This study presents the preliminary results and
reliability of radiocarbon dating of marine fossil shells
(Anadara granosa) and wood specimen excavated from
two sites of Songkla province where each site was 3 meters
depth. Direct absorption 14C dating by liquid scintillation
counting of 14C0O2 absorbed into an alkaline liquid was

performed in this study .Vita-Finzi & Leaney (2006)

Materials and Methods
Principle

Carbon has three natural isotopes: “C, “°C and
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*C or radiocarbon. “C is produced continuously in the
atmosphere and is oxidized to produce MCOZ, which is
dispersed rapidly throughout the atmosphere. The **C is
transferred to other carbon reservoirs: the biosphere and
oceans via photosynthesis and air-sea exchange of CO,,
respectively. Living organisms take up e through the food
chain and via metabolic processes. This provides a supply
of “C that compensates for the decay of the existing c
in the organism, establishing equilibrium between the c
concentration in living organisms and that of the atmo-
sphere. When an organism dies, this supply is cut off and
the '“C concentration of the organism starts to decrease
by radioactive decay at a rate given by the radiocarbon
half-life. This rate is independent of other physical and
environmental factors. Any organism containing carbon
and that once lived in equilibrium with atmospheric
radiocarbon can be dated by the radiocarbon method.
Radiocarbon ages are reported in years before
present (BP) where present is conventionally defined as
AD 1950, a hypothetical value is conventionally set at 100
percent Modern Carbon (PMC). To simplify the calculation
of radiocarbon ages, atmospheric '“C concentration is
assumed to be constant through time, with the implica-
tion that all living terrestrial materials have an initial c
concentration of fraction modern carbon equal 1. Hua
(2009) and Pigati, J. S. Rech, J.A. & Nekola, J.C. (2010)
The measured “C activity and the ' age of the
material are related by the familiar decay equation
A=Ae™
Where A and A, are the measured and initial ‘°C activities
of the material, respectively, A is the decay constant and
tis the time elapsed since the death of the organism.
Conventional radiocarbon ages assume that the
atmospheric ““C is invariant through time (i.e., A, = 1).
Sampling
Two set of samples were used in this work. The
analyzed samples were collected in 2011 and 2012 from
two locations of Songkla province as show in Figure 1.

However, each sample set obtained from the same
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stratum depth of 3 meters and all marine shells were
cockle (Anadara granosa). The collected locations were
in a restrictd area that corresponds to a well defined

archaeological context.
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Figure 1 Ilustrate of Songkla Province

Table 1 '“C dates of shells and wood from Songkla

Pretreatment and analysis

Before samples were processed for dating; they
were cleaned from soil and dust by brushes, and washed
with 18.2 mQ distilled (hereafter “ultrapure”) water. The
cleaned samples were immersed for a few minutes in
10% HCl to remove the superficial calcite layer which may
contain contamination, then rinsed with ultrapure water
in order to remove adhere solution and dried at 100°C.
The dried samples were crushed and ground into 150
pm powder for analysis. The shell powders were treated
following the ASTM D6866-12 method. ASTM (2003)

Shell aragonite of 50 grams was converted to CO,
by acid hydrolysis using concentrated HCl under vacuum.
The generated CO, was incorporated as a carbamate
in a mixture of absorber and cocktail, Carbosorb E and
Permafluor V, respectively. The relative proportion of
Carbosorb to Permafluor (C+P) was 1:1 ratio. A batch of
prepared C+P samples, standard and background were
counted in the Liquid Scintillation Counter (Quantulus™
1220). Each sample was counted for 50 minutes and the
whole counting procedure was performed for 20 cycles.
The results were evaluated statistically and the standard

deviations were calculated.

Sample code Type PMC "C Age years BP
Site 1
MS 1 Marine shell 53.79 £ 3.13 3360 + 450
MS 2 Marine shell 47.74 + 3.02 5940 + 520
MS 3 Marine shell 53.44 + 3.11 5030 + 480
MS 4 Marine shell 45.85 + 3.02 6260 + 550
Site 2
MS 5 Marine shell 77.89 + 2.88 2010 £ 300
MS 6 Marine shell 82.75 + 2.89 1520 + 280
MS 7 Marine shell 83.03 + 3.03 1490 + 300
MS 8 Marine shell 112.70 + 3.64 Modern Carbon
MS 9 Marine shell 99.97 + 4.73 Modern Carbon
WD Wood 71.42 £ 3.16 2700 + 360
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The reproducibility test of replicated sample
maintained the results within the error bars defined by

the counting statistics.

Results and Discussion

Radiocarbon dates of marine cockle shells and
wood specimen are listed in Table 1.

Ten “C dates suggest that the sites were occupied
between about 6260 and 1490 Years B.P. Radiocarbon
dates of marine fossil shells and wood specimen are

shown in Figure 2.
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Figure 2 Comparison of radiocarbon dates of marine

shells from site 1 with those of site 2

Two sets of shell specimen dates were consistent
within each set. Marine shell specimens from site 1 were
shown to be considerably older than specimens from
site 2. It should be noted that site 1 has no dateable
material in stratigraphic association to check its validity.
Radiocarbon dates of shells from site 1 and site 2 ranged
from 6260 to 3360 years B.P. (6950 to 3870 years) and 2010
to 1490 years B.P (2480 to 2990 years), respectively. The
only one wood specimen excavated from site 2 indicated
the same magnitude value with marine shells. However,
among the *C dates obtained for the site 2, two marine
shells indicated modern carbon or recent past (less than
200 years). It recommend that analysis of several and
various specimens excavated within a stratum should be

confirmed and clarified the results.
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Previous works Pigati, J. S. Rech, J.A. & Nekola, J.C.
(2010) and Bezerra, F.H.R. Vita-Finzi, C. & Filho, F.P.L.
(2000) concluded that marine shells from open ocean
environments or near upwelling zone are not likely to
provide the reliable radiocarbon ages. For reliable *'C
dating, the pool of carbon atoms measured during the
c dating process must consist only of carbon atoms
that originally resided in the shell. Thus, following burial
shells must resist the addition or exchange of *C atoms
with the open environment. Specimens in this study were
collected in non-upwelling zone and in burial environ-
ment. Therefore, radiocarbon ages in this study are con-
sidered to be reliability results.

Radiocarbon dating of marine shell may possess
error due to contamination through carbonate exchange
with material of unknown age which appeared in calcite
layer. Pretreatment with 10% HCl before radiocarbon
assay is suggested as a precaution against this. Unaltered
aragonite shells, cleaned as indicated in the pretreat-
ment section may be dated with reasonable confidence.
Preece, R.C. et al., (1983) and Rick, T.C. Vellanoweth, R.L. &
Erlandson, J. M. (2005) However, dating error can be mini-
mized by selecting ecologically appropriate specimens or
by comparison of analyzes of several fossil specimens
within a stratum.

Typical material for radiocarbon dating includes
wood, charcoal, bones earthenware and fossil shell.
However, dates of earthenware may possess error because
the clay materials contain a small amount of carbon and
they provide older ages corresponding to original clay
formation. Yoshida, K. et al., (2004) With recent refine-
ments in shell dating, dating of marine shells can be more

accurate than dating earthenware.

Conclusion

This study analyzed the radiocarbon dating of the
aragonite shells of cockles (Anadara granosa) in Songkla
province. The preliminary results suggest the reliability

radiocarbon dating values and the great potential for
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paleo studies. In this study, direct absorption *C dating
method was performed. As the method requires the CO,
through the absorbing mixture, acidification of carbonates
provides the simplest gas source. Thus the ideal material
is organic carbonate such as marine shells, corals and
barnacles.

Marine shell has been used in multidisciplinary
studies due to their abundance and their utility in e
dating. In many coastal sites marine shells are the only
readily available biogenic materials for radiocarbon mea-
surements. However, the specimen should be pretreated
as a precaution against contamination in order to verify
that only shell aragonite remained prior to ' analysis.
In addition, dates from marine shells in area near upwell-
ing zones may possess error, because deep ocean water
is depleted in radiocarbon compared to surface water.
Through careful sample selection, use of well preserved or
burial specimens, proper pretreatment (i.e., acid etching),
use of established reservoir corrections and calibration
curves, and the dating of multiple samples from a site,

the reliability result should be achieved.
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