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Abstract

This study aimed to identify suitable mollusk shells for use in sclerochemistry and sclerochronochemistry studies
which, applied on shells in archaeological record, can help researchers reconstruct past climatic conditions.
The shell features of eight commonly occurring native mollusk species in the Persian Gulf were examined. Four
sea snails (Bufonaria echinata (Link, 1807), Tibia fusus (Linnaeus, 1758), Architectonica perspectiva (Linnaeus,
1758), Cypraea turdus winckworthi (F. A. Schilder & M. Schilder, 1938)) and four bivalves (Vepricardium
asiaticum (Bruguiere, 1789), Callista umbonella (Lamarck, 1818), Saccostrea cucullata (Born, 1778), Anodonta
cygnea (Linnaeus, 1758)) were collected from their natural habitat in 2020, for analysis. The study used micro
Raman spectroscopy to identify shells with an aragonite outer layer, a requirement for sclerochemistry research.
Additionally, the study utilized sclerochronological methods to determine whether the shell samples could be
appropriately studied for sclerochronochemistry research. Raman spectroscopy results indicated the presence of
aragonite in all species, excluding Saccostrea cucullata. Pigments were also present on the surface of all shells
except those of Callista umbonella. Cross-sectional analysis indicated that the shells of Callista umbonella
exhibit clear daily, monthly, and annual growth lines with a thickness of 1650 um in the outer layer, making
them excellent candidates for sclerochemistry and sclerochronochemistry studies.

Kivonat

A tanulmany célja, hogy megfeleld puhatestii maradvanyokat azonositsunk szklerokémiai és szklerokronokémiai
vizsgdlatokra, amelyek a régészeti leletekként elbkeriilé csigakbol vagy kagylokbol a klima és az egykori
kornyezet rekonstrudlasdra alkalmasak. Nyolc, a Perzsa-6bolben gyakran eldforduld, dshonos molluszka faj
héjmaradvanyait vizsgaltuk, ezek koziil négy tengeri csigafaj (Bufonaria echinata (Link, 1807), Tibia fusus
(Linnaeus, 1758), Architectonica perspectiva (Linnaeus, 1758), Cypraea turdus winckworthi (F. A. Schilder &
M. Schilder, 1938)) és négy kagylo faj (Vepricardium asiaticum (Bruguiere, 1789), Callista umbonella
(Lamarck, 1818), Saccostrea cucullata (Born, 1778), Anodonta cygnea (Linnaeus, 1758)), amelyeket természetes
éldhelyiikrél gyijtottiink be vizsgalatra 2020-ban. Mikro-Raman spektroszkopidt haszndltunk a héjak kiilsd,
aragonit rétegének azonositisara, amely a Szklerokémiai kutatasokhoz sziikséges. Tovdabbd, szklerokronolégiai
modszerekkel vizsgaltuk, hogy a molluszka héjak felhaszndlhatok-e ilyen célui kutatasokhoz. A Raman
spektroszkopiai vizsgdalatok mindegyik taxon esetében kimutattak az aragonit jelenlétét a Saccostrea cucullata
kivételével. Valamennyi héjmaradvdanyon megfigyelhetd volt a pigmentek jelenléte, kivéve a Callista umbonella
taxont. A4 héjak keresztmetszetének vizsgalata szerint a Callista umbonella héjak jol megfigyelhetd napi, havi és

* How to cite this paper: KOOCHAKZAEI, A.; YAZDANBAKHSH, S. & ACHACHLOUEI, M.M., (2023):
Assessing the Suitability of Native Mollusk Shells for Sclerochronochemistry Studies: An Analysis of Eight
Persian Gulf Species, Archeometriai Miihely XX/1 pp. 65-76.

doi: 10.55023/issn.1786-271X.2023-004

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)


https://orcid.org/0000-0002-3376-6905
https://orcid.org/0009-0002-3799-6553
https://orcid.org/0000-0002-0544-2989
mailto:Alireza.k.1989@gmail.com
mailto:a.koochakzaei@tabriziau.ac.ir
https://doi.org/10.55023/issn.1786-271X.2023-004

Archeometriai Mithely 2023/XX./1.

66

éves novekedési vonalakat mutatnak, amelyek a kiilsé rétegben elérik a 1650 um vastagsdagot. Mindezek alapjan
Callista umbonella héjai varhatéan jol haszndlhatok a szklerokronokémiai vizsgalatokhoz.

KEYWORDS: MOLLUSK SHELL, BIVALVE, SEA SNAIL, ARAGONITE, RAMAN SPECTROSCOPY, SCLEROCHRONOLOGY,

CALLISTA UMBONELLA

KULCSSZAVAK: MOLLUSZKA HEJ, KAGYLO, TENGERI

SZKLEROKRONOLOGIA, CALLISTA UMBONELLA
Introduction

Mollusks are a phylum of invertebrates including
gastropods and bivalves, whose soft bodies are
protected by a shell of calcium carbonate (Leng &
Lewis 2016). They live in saltwater, freshwater, and
terrestrial habitats (Antczak & Cipriani 2008;
Andrus 2011) and serve as a source of food and
decoration for humans. Mollusk shells tend to
remain well preserved in sediments and are often
abundantly found in archaeological sites (Leng &
Lewis 2016). In the Persian Gulf region, a signif-
icant number of these specimens have been
observed in the construction materials of historical
buildings as well as archaeological excavations
(Ghaderi & Darabi 2021).

Because of the key role of ancient shells and shell
fossils in the reconstruction of past climate
conditions, they have long been a matter of interest
to geological (Epstein & Lowenstam 1953; Vernal
et al. 1992; Geary et al. 1992; Goodwin et al. 2001;
Ullmann et al. 2017; Killam & Clapham 2018;
Scholz et al. 2020; Moran et al. 2021),
archaeological studies (Quitmyer et al. 1997; Leng
& Lewis 2016). Indeed, one of the main
motivations for the study of bivalves (Miiller et al.
2017; Huyghe et al. 2020; Das et al. 2021; Kelemen
et al. 2021;), gastropods (Cespuglio et al. 1999;
Garcia-Escarzaga et al. 2019; Irie & Suzuki 2020),
and extinct species such as belemnites (Epstein et
al. 1951; Urey et al. 1951; Epstein et al. 1953;
Alberti et al. 2021) is to gain insight into climatic
conditions.

In general, many marine mollusks grow their shell
or exoskeleton from the chemical compounds
contained in seawater. These shells grow in distinct
bands (like tree rings) along an axis of growth.
More bands are added to the shell as the organism
grows and becomes larger. The environmental
conditions of the habitat tend to be reflected in the
types of isotopes present in the shell. In other
words, the shell contains geochemical signatures
reflecting the habitat and life of the mollusk. Most
importantly, stable isotopes of oxygen in seawater
are stored in the carbonate of these shells (Dole
1952; Cooper et al. 1991; Aravena et al. 1993;
Scholz et al. 2020). This process, which is called
bio-mineralization, provides a chemical signature of
seawater at the time of shell formation (Vert et al.
2012). The analysis of these shells helps
archaeologists to reconstruct past environments and
living conditions in and around marine sites and

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)

CSIGA, ARAGONIT, RAMAN SPEKTROSZKOPIA,

understand how people in these areas lived and
worked in the past (Salisbury 2022). Since
significant numbers of these shells can be found in
archaeological sites, they can offer valuable
insights into the living conditions of the organism.
This insight can be gained by analyzing the stable
isotopes in the shell in order to estimate the
environmental conditions under which the organism
has been living. In general, isotopes of oxygen and
carbon provide excellent evidence for the study of
climatic changes.

These characteristics of shells have led to the
formation of research fields under titles such as
sclerochronology, sclerochemistry and sclero-
chronochemistry. Sclerochronology is the study of
periodic physical and chemical variations in the
accretionary hard tissues of organisms, and the
temporal context in which they formed (Jones et al.
2007; Estrella-Martinez 2019; Moss et al. 2021).
But it has been proposed to use sclerochronology
for studies of the physical structure of the hard
tissues of organisms, even when combined with
geochemistry (e.g. growth-line periodicity), and
that sclerochemistry, as a sub-discipline of
sclerochronology, be wused to describe solely
geochemical (isotopic or elemental) studies of the
hard tissues of organisms. Whether these terms and
distinctions are adopted or not, it does provide an
essential difference between the two approaches
(Grocke & Gillikin 2008). However, it is possible
that the established practice in part of terminology
within sclerochronology communities might inhibit
the navigation in literature, paper preparation and
lead to confusion among new researchers.
Therefore, the new term, ‘sclerochronochemistry’
(skleros — hard, chronos — time, and chemistry) has
been proposed, in order to fill a gap between two
key terms, sclerochronology and sclerochemistry
(Zuykov & Schindler 2019).

The exoskeletons of aquatic invertebrates
(mollusks, cephalopods, foraminifers, brachiopods)
are made of calcium carbonates that are bio-
mineralized in the form of aragonite or calcite
(Lécuyer et al. 2012). Research has shown that in
mollusks with aragonite shells, the §'80 of the shell
is almost or completely in equilibrium with that of
seawater (Leng & Lewis 2016). In other words, the
amount of oxygen isotopes in aragonite shells is
independent  of  physiological  fractionation
processes and life conditions of the individual
organism (Epstein et al. 1951; Epstein et al. 1953;
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Epstein & Lowenstam 1953; Anderson & Arthur
1983; Grossman & Ku 1986; Quitmyer et al. 1997).
Therefore, more reliable information about climatic
changes can be obtained from the study of stable
isotopes in aragonite shells than in calcite shells.
Thus, it is important to identify the type of a shell
before examining its isotope ratios.

There are various methods to identify and
distinguish calcite and aragonite shells. The most
common methods for recognizing aragonite shells
are SEM and XRD (Gutiérrez-Zugasti et al. 2015).
However, Raman spectroscopy is also a reliable
method for identifying aragonite shells or detecting
aragonite phases in an ancient or modern shell
(Scholz et al. 2020). Raman spectroscopy can also
be used to detect the vaterite phase, which is less
stable than aragonite (Zhou et al. 2010).

Another important issue in sclerochronochemical
examinations, besides the type of shell, is to collect
the sample from the right position. The
microstructural morphology of the shells varies
depending on the species. In general, shells are
composed of an inner layer and an outer layer. In
Mercenaria stimpsoni (Gould 1861), for example,
the shell consists of an outer layer composed of
prismatic and lamellar microstructures and an inner
layer with a homogeneous microstructure.
However, 30 can only be measured on the
prismatic outer layer (Kubota et al. 2017). Because
the growth bands are seen in this layer and the entry
of powder samples from the lower layers disrupts
the calculations. Also, because of the low thickness
of the prismatic layer in the early stages of life,
younger species are not very suitable for sampling
(Kubota et al. 2017). In some cases (some sea shails
for example), the aragonite layer is coated with a
layer of calcite, which must be removed before the
inner aragonite layer can be sampled (Garcia-
Escarzaga et al.  2019). Therefore, all
sclerochronology, sclerochemistry, and sclero-
chronochemistry studies should only be done with a
good understanding of the microstructure, morphol-
ogy, and chemistry of the shell.

The oxygen isotope analysis of mollusk shells
allows past environmental conditions to be
estimated through quantitative measurements
(Twaddle et al. 2016; Mau et al. 2021). To do so,
first, the relationship between the mollusk species
and its habitat needs to be studied. For the
quantitative measurement of past environmental
conditions and climatic changes based on 0 in
ancient shells, it is necessary to measure the isotope
composition in present proxies including the
present shells, water, and atmosphere. This
technique is known as the transfer function
approach (Veron 2011; Leng & Lewis 2016). Once
this transfer function is determined for the present
habitat-shell relationship, assuming that this rela-
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tionship has not changed over time, it can also be
applied to ancient specimens. Using this approach,
one can estimate the temperature change
quantitatively in terms of degrees instead of
expressing it qualitatively by stating that the
climate has become warmer or colder (Emiliani et
al. 1964; Patterson et al. 2010). Therefore, in
sclerochronology studies, it is also important to
choose suitable present-day specimens for oxygen
isotope analyses.

As explained above, the first step of
sclerochemistry and sclerochronochemistry studies
is to identify the constituent phases of the mollusk
shell. However, the shell microstructure should also
be suitable enough for sampling and examination of
growth lines (sclerochronology examinations). In
fact, growth lines should be clear in prismatic
layers for sampling different growth times. In other
words, in order to use a shell specimen to study
changes in the ratio of stable oxygen isotopes
during the mollusk lifetime, it should have
examinable growth lines as well as an aragonite
structure with a thick enough outer layer, so that
sampling can be done without interference of the
layers. In this paper, micro Raman spectroscopy
and microscopic and sclerochronological methods
were used to examine shells and aragonite and
calcite phases of two-layered shells (shells with an
inner layer and an outer layer) of common mollusk
species of northern shores of Persian Gulf and
identify prismatic layers suitable for sampling in
these species.

Materials and methods

Specimens

The specimens were from eight common native
species of the Strait of Hormuz and the Persian
Gulf, including four sea snails (Bufonaria echinata
(Link, 1807), Tibia fusus (Linnaeus, 1758),
Architectonica perspectiva (Linnaeus, 1758),
Cypraea turdus winckworthi (F. A. Schilder & M.
Schilder, 1938)) and four bivalves (Vepricardium
asiaticum (Bruguiére, 1789), Callista umbonella
(Lamarck, 1818), Saccostrea cucullata (Born,
1778), Anodonta cygnea (Linnaeus, 1758))

(Fig. 1.).

The specimens were randomly collected from the
coastal areas of Bushehr, Qeshm Island, and
Bostanu in 2020 (Table1.). The location of
specimen collection sites on the map is shown in
Fig. 2. Considering that Anodonta cygnea is a
species of freshwater mussel, it may have entered
the coastal area from the rivers discharging into the
Persian Gulf. Several specimens of each shell were
randomly collected to evaluate the probability of
error. After transferring the specimens to the
laboratory, the meat tissue was removed, and the
shells were washed with distilled water.
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Fig. 1.: Studied specimens - sea snails (top row): A) Bufonaria echinata, B) Tibia fusus, C) Architectonica
perspectiva, D) Cypraea turdus winckworthi; bivalves (bottom row): E) Vepricardium asiaticum, F) Callista
umbonella, G) Saccostrea cucullata, H) Anodonta cygnea

1. abra: A vizsgalt fajok - tengeri csigak (fels6 sor): A) Bufonaria echinata, B) Tibia fusus, C) Architectonica
perspectiva, D) Cypraea turdus winckworthi; kagylok (also sor): E) Vepricardium asiaticum, F) Callista
umbonella, G) Saccostrea cucullata, H) Anodonta cygnea

Table 1.: Studied species, specimen collection sites and dates

1. tablazat: A vizsgalt fajok, a mintagytijtés helye és idopontja

No. of specimens Date of catch Shellfishing locations Species
2 August, 2020 Bandar Bushehr Bufonaria echinata
2 August, 2020 Bandar Bushehr Tibia fusus
3 August, 2020 Bandar Bushehr Architectonica perspectiva
3 August, 2020 Bandar Bushehr Cypraea turdus winckworthi
2 August, 2020 Bandar Bushehr Vepricardium asiaticum
10 September, 2020 Bostanu, Hormozgan Callista umbonella
1 September, 2020 Qeshm island Saccostrea cucullata
3 September, 2020 Qeshm island Anodonta cygnea

A number of collected bivalves was separated for Micro Raman spectroscopy

further examination. The shells were immersed in Raman spectroscopy was performed using a
10% hydrogen peroxide (Merck, Germany) for 3 Tekram Raman microscope (Teksan, Iran) with
hours to eliminate organic contaminations and then 532 nm laser excitation. The spectra were recorded
washed once with distilled water and two times in in the 1004000 cm™ range with a resolution of 6
succession with 99% methanol (Merck, Germany). cm and the results of five 5-second scans were
After drying, the outer and inner surfaces of the averaged. Analysis was performed with a 10x
shells were examined for the presence of aragonite objective lens at 40% laser power. Spectroscopy
and their inner morphology was studied. vI\;as I(q:onducted on both inner and outer surfaces of
the shells.
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Fig. 2.: Geographical location of specimens’ collection sites in Persian Gulf, including coastal areas of Bushehr,
Bostanu and Qeshm island. Satellite imagery provided by Google Earth

2. abra: A vizsgalt mintak gyiijtési helye a Perzsa-obolben, Bushehr, Bostanu és Qeshm szigetek parti régioinak

kiemelésével (Google Earth miiholdas felvételei alapjan)

For Architectonica perspectiva, which had different
color tonalities on its outer surface, both white and
brown parts of the species were analyzed. The
spectra were processed in the software
Originpro2021. The baseline correction was
performed in the 100-2000 cm™ range.

Internal morphology

To study the internal morphology of the shells, they
were cut to examine their cross-sections. Before
cutting the specimens, a 1-2 mm thick layer of
epoxy adhesive was applied around the cutting site.
Bivalve specimens were cut along the longest path
from the umbo to the ventral margin using a micro-
cutter with a blade thickness of 1 mm. Snail
specimens were cut at their largest diameters. After
cutting the excess part of the shell to a thickness of
2-3 mm, sanding and polishing were performed.
Once sanded and polished, the cut section was
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glued to a laboratory slide using epoxy adhesive.
After preparing the sections, microscopy was
performed with a Leica MS5 stereomicroscope
equipped with two fiber-optic light sources with a
45° angle to the section and a Canon camera. The
specimens were examined at 40x magnification and
an average of 300 images were taken from each
specimen. The microscopic images were integrated
using the software Adobe Photoshop 2021.

Results and discussion

The results of micro Raman spectroscopy of the
inner and outer surfaces of the shells under 532 nm
excitation are presented in Fig. 3. Aragonite can be
recognized by a distinct band around 1080 cm
related to the symmetric stretching vibrations of
COz* and the bands around 700 cm™ (in-plane
bending vibrations), 200 cm™, and 148 cm™.
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Fig. 3.: Micro Raman spectra of the inner and outer surfaces of the studied shells under 532 nm laser excitation;
For the outer surface of Architectonica perspectiva, white and brown parts were analyzed

3. abra: A vizsgalt héjak kiilsé és bels6 felszinének spektrumai 532 nm-es mikro-Raman lézer sugarzassal
vizsgalva. Az Architectonica perspectiva kiilsd felszine esetében a fehér és a barna részeket vizsgaltuk.

For calcite, however, the band related to the parts only showed the characteristic bands of
symmetric stretching vibrations of COs* appears polyene and did not reveal any aragonite vibration.
around 1085 cm™, the band related to the in-plane However, there is no previous report of this
bending vibrations appears around 714 cm?, and interfering effect of the presence of polyene in the
the bands related to the external vibrations of the oxygen isotope analysis of mollusk shells. Since no
CO; group appear around 150 and 280 cm (Tomié substance other than aragonite was detected on the
et al. 2010). inner and outer surfaces of the shell of Callista

umbonella, this species can be considered the
superior choice for sclerochronology and sclero-
chemistry studies.

The bands identified in the Raman spectra of the
specimens are listed in Table 2. Examination of
these spectra showed that only the shell of

Saccostrea cucullata has a calcite structure. In this Selection of mollusk species for sclerochronology
shell, calcite vibrations appear at 1086, 712, 278, and sclerochemistry studies requires careful
and 151 cm™. In other specimens, the inner and consideration of the morphological characteristics
outer surfaces of the shells were mostly made of and the section of the shell being analyzed. The
aragonite. However, the spectra of the outer surface outer layer of bivalve shells contains a prismatic
of all shells except Callista umbonella showed section, which is the only suitable site for 320
some bands in the 1100-1150 cm™ and 1490- measurements. ldentifying the outer prismatic layer
1530 cm* range, which are usually attributed to the and ensuring the thickness and visibility of the
vibrations of polyene pigments contained in the growth lines are vital for reliable sampling. So,
shells (Komura et al. 2018). Because of the merely detecting aragonite in the shell is not
accumulation of polyene pigments in the brown sufficient for species selection. Therefore, the
parts of the outer surface of the shell of cross-section of the studied shells was examined.

Architectonica perspectiva, the spectra of these
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Table 2.: Wavenumbers of bands observed in the spectroscopy of the shell specimens under 532 nm excitation

2. tablazat: 532 nm-es 1ézersugarral vizsgalt csiga- és kagylohéj mintak hullamszam értékei

Raman shifts of representative band (cm™)

Analyzed Species Pol
location Aragonite Calcite olyene
Pigments
Bufonaria Inner surface 1084 703 202 147 - - - - - -
echinata Outer surface 1086 706 201 147 - - - - 1119 1502
" Inner surface 1085 707 201 147 - - - - 1128 1516
Tibia fusus
Outer surface 1085 706 203 149 - - - - 1125 1511
Inner surface 1084 703 196 146 - - - - - -
Arehi- Querwhite yoe4 702 196 146 - - - - - .
tectonica surface
erspectiva
persp Outer brown i i i ) i i i i 1113 1498
surface
Cypraea Inner surface 1084 703 202 147 - - - - 1125 1515
turdus
winckworthi Outer surface 1084 702 201 147 - - - - 1127 1515
Vepricardium Inner surface 1085 702 201 148 - - - - - -
asiaticum Outer surface 1085 704 201 148 - - - - 1127 1509
Callista Inner surface 1085 704 203 149 - - - - - -
umbonella Outer surface 1084 705 203 148 - - - - - -
Saccostrea Inner surface T I T N -
cucullata 6
Anodonta Inner surface 1084 703 199 148 - - - - - -
cygnea Outer surface 1085 702 200 147 - - - - 1132 1525

The examined sections are shown in Fig. 4. and the
average thickness of the prismatic layer is given in
Table 3. Because of the very low thickness of the
shell of Architectonica perspectiva, it was not
possible to prepare a cross-section from this shell.
In the cross-section of the shell of Saccostrea
cuccullata, which had a calcite structure, the
prismatic part and the outer layer were somewhat
indistinguishable. Although well identifiable, the
prismatic parts of the shells of Bufonaria echinata,
Tibia fusus, Vepricardium asiaticum, and Anodonta
cygnea were less than 500 um thick. This low
thickness makes the sampling more difficult and
increases the probability of error. In other words, it
increases the likelihood that parts of the shell’s
inner layer are removed along with the sample,
which can cause an error in the analysis results.
While the outer layer of the shell of Cypraea turdus
winckworthi had an average thickness of about
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830 pum, the thickness was concentrated in a small
part of the shell, making it impossible to take a
sample from the entire outer surface.

The average thickness of the outer layer of the shell
of Callista umbonella was about 1650 pum, making
it easier to sample for the analysis of stable oxygen
isotope ratios. In fact, considering the aragonite
structure of its inner and outer layers as well as the
appropriate thickness of the outer layer, the shell of
Callista umbonella can be considered an excellent
choice for sclerochemistry studies. Fig. 5. shows
the microscopic image of the cross-section of this
shell along with some extra details. The daily,
monthly (tidal) and annual growth lines are well
distinguishable in this cross-section. Thanks to
these features, Callista umbonella is not only
suitable for sclerochemistry studies, but can also be
a valuable asset for sclerochronology and sclero-
chronochemistry research.
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Fig. 4.: Microscopic images of the cross-sections of the studied shells: A) Bufonaria echinata, B) Tibia fusus, C)
Cypraea turdus winckworthi, D) Vepricardium asiaticum, E) Callista umbonella, F) Saccostrea cucullata, G)
Anodonta cygnea

4. abra: A vizsgalt puhatesti héjak keresztmetszeteinek mikroszkopi képe: A) Bufonaria echinata, B) Tibia
fusus, C) Cypraea turdus winckworthi, D) Vepricardium asiaticum, E) Callista umbonella, F) Saccostrea
cucullata, G) Anodonta cygnea

Table 3.: Average thickness of the outer layer in
shells suitable for sampling for oxygen isotope
analyses

3. tablazat: A héjak kiils6, oxigén izotdpos
vizsgalatra alkalmas rétegének atlagos vastagsagai

Species Average thickness of the
outer layer (um)

Bufonaria echinata 440

Tibia fusus 430
Architectonica Preparation failed
perspectiva

Cypraea turdus 830

winckworthi

Vepricardium 500

asiaticum

Callista umbonella 1732

Fig. 5.: Microscopic image of the cross-section of
the Callista umbonella shell

Anodonta cygnea 420 5. dbra: A Callista umbonella héjanak mikroszkopi

Saccostrea cucullata  Not detected

képe (keresztmetszet)
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Conclusion

Shells make up a significant portion of materials
obtained from some archaeological sites. Studying
these shells as an archaeological record can help
researchers reconstruct past climatic conditions.
However, for quantitative estimation of past
climates, researchers have to study not only ancient
specimens but also present-day shells to determine
the relationship between shell structure and its
growth environment in order to formulate a transfer
function. For a shell to be considered suitable for
sclerochronology and sclerochemistry studies, it
must be made of aragonite and have the right
conditions for sampling.

In this study, the shells of eight common native
species of the northern shores of the Persian Gulf
were examined to determine whether they possess
these features. Micro Raman spectroscopy of the
inner and outer layers of the shells showed
aragonite structure in all shells except Saccostrea
cucullata. Considering the bands observed in its
Raman spectrum, the shell of Saccostrea cucullata
has a calcite structure, which precludes the use of
this shell in oxygen isotope analyses.

Vibrations of polyene pigments around 1120 cm?
and 1500 cm? were observed in the Raman
spectrum of the outer surface of all shells except the
white shell of Callista umbonella. Thus, consider-
ing the fully aragonite structure of the inner and
outer layers of the shell of this mollusk and the lack
of polyene interference in its Raman spectrum, this
species can be considered the superior choice for
sclerochemistry studies. Cross-sectional examina-
tions also showed that, with a thickness of 1650 pm
in its outer layer, the shell of Callista umbonella is
the best choice among the considered options for
sampling for oxygen isotope analyses. The presence
of clearly distinguishable daily, monthly and annual
growth lines in this shell also makes it suitable for
sclerochronology and sclerochronochemistry stud-
ies.
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