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Abstract Several samples of gastropod and pelecypod mol-
lusk shells from three localities are selected along the
Egyptian Red Sea coast. This is a study of the wall structure
of some different shells of gastropods and pelecypodmollusks
and their adaptive significance on evolution of the physical
and chemical properties of the Red Sea water prevailing along
the Egyptian shores and coasts. Analysis of gastropod and
pelecypod mollusk shells of the study areas provides investi-
gators with data to characterize the composition of these gas-
tropod and pelecypod mollusk shells and to know the degree
of human activities influence on the composition of the gas-
tropod and pelecypod mollusk shells. Lambis truncata at
Quseir and Safaga Harbors recorded the highest carbonate
percentages (98.0 and 98.4%); meanwhile, Tridacna gigas at
Quseir and Safaga Harbors recorded the highest organic mat-
ter contents (2.0 and 1.9%). On the other hand, Tridacna gigas
recorded the highest values of organic matter in the study
areas compared with the other species. The highest Ca con-
tents were observed in Tridacna gigas and Strombus tricornis
(71.1 and 69.6%) at El-Esh area, also the highest Mg was in
Tridacna gigas (2.0%) at Qusier and Safaga Harbors, while
the highest Sr was in Strombus tricornis at Qseir Harbor and
El-Esh area (2473 and 2335 ppm). A study of the geochem-
istry, X-ray diffraction contents of the common gastropod and
pelecypod mollusk shells from Quseir Harebour, Safaga

Harbor, and El-Esh area along the Egyptian Red Sea coast
was carried out.

Keywords Shells . Geochemistry . X-ray diffractions .
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Introduction

The Red Sea is a semi-closed basin at the extreme end of the
Indo-Pacific province; it is expected to contain some species
which are quite different from closely related species in nearly
seas. These include forms which are particularly living and
flourishing in warm, shallow water, carbonate environments
with higher salinities. The Red Sea stretch represents an ideal
carbonate environment in which biostromes, carbonate sands
with vegetation and reefs predominate.

Recent invertebrates mainly are benthic foraminifera, coral
reefs, and Mollusca which are considered to be most impor-
tant for this integrated approach. Recent invertebrates and
protists, especially Mollusca and benthic foraminifera, serve
as excellent indicators of the water temperature in the past and
present environments (Madkour 2015). Mollusca is the sec-
ond largest phylum of invertebrates in the animal kingdom,
comprising about 100,000 species, about 60% of them are
marine organisms (Wye 1989). Two classes of mollusks are
studied here, namely Gastropoda and Pelecypod. The marine
mollusks have a world-wide distribution and those chosen
almost every possible living place from the rocky shores high
above the tide marks to the deepest parts of the ocean. Thus,
mollusks seem to represent an important and vital part of the
ecology and economy of the sea. As many Indo-Pacific mol-
luscan species are also found in the Red Sea, this work should
be of value to researchers who are interested in the entire
region. Molluscan shells are sensitive organisms for
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environmental changes (e.g., Yanko et al. 1994, 1998;
Saraswat et al. 2004; Yumun 2017). Gastropoda and pelecy-
pod mollusks are the two main classes included in this study.
Gastropods are represented by Lambis truncata and Strombus
tricornis and pelecypod include only Tridacana gigas. These
species represent the famous types in the marine environment
of the Red Sea and they are a valuable seafood source.

The use of recent invertebrates, especially molluscan
shells, as bioindicators is less established; however, previous
studies proved the ability of molluscan shells to monitor the
environmental quality (e.g., Alve et al. 2009; Frontalini et al.
2009; Coccioni et al. 2009; Armynot du Ch telet et al. 2004;
Bouchet et al. 2012; Dolven et al. 2013; Hess et al. 2013).

There is little published information on geochemical and
mineral compositions of macro-invertebrates especially gastro-
pod and pelecypod shells also and how to use these shells as
pollution indicators along the Red Sea coast. Among them are
Rinkevich and Loya (1977), Rinkevich and Loya (1979), Loya
and Rinkevich (1980), Loya and Rinkevich (1987), Hanna
(1990), Abd El-Salam (1993), Ouda and Obaidalla (1998),
Jameson et al., (1999), Ziko et al. (2001), Mohammed and
El-Sorogy (2003), Madkour (2004), Mansour et al. (2005),
Madkour (2005), Madkour and Ali (2009), El-Taher and
Madkour (2011), Mekawy and Madkour (2012, 2013),
Mohamed et al. (2013), El-Taher and Madkour (2014),
Madkour et al. (2015), and Ali et al. (2017). In addition, very
little studies have been done on the nature, composition, dis-
tribution, and ecology of recent gastropod and pelecypod shells
along the Egyptian Red Sea coast.

The present study focuses on areas subjected to nature,
composition, and ecology of recent gastropod and pelecypod
shells; they are Quseir and Safaga Harbors and El-Esh area
(Fig. 1). The distribution of bottom facies at the investigated
areas is shown in Figs. 2 and 3. The present study deals with
the mineral composition of these skeleton andmeasurement of
carbonate content, total organic matter content, major and mi-
nor elements of Tridacana gigas, Lambis truncate, and
Strombus tricornis. These species of gastropods and pelecy-
pods represent the famous types in the marine environment of
the Red Sea. This study provides baseline information on
geochemical and mineral composition of gastropod and pelec-
ypod shells. Also, these species provides much information’s
on the environment in which they live.

Study area

Quseir Harbor is located in Quseir City and is considered from
old harbors on the Egyptian Red Sea coast. It is lying at latitudes
26° 05′ 02″ N to 26° 06′ 12″ N and longitudes 34° 16′ 58″ E to
34° 17′ 08″E (Fig. 2). This harbor lies in a small by at the mouth
of Wadi Ambaji. Terrigenous sediments have been transported
to marine environment by Wadi Ambaji especially in the

southern part of Quseir Harbor. It is observed that these sedi-
ments have a relatively large under cutting effect of the violent
drive water during heavy torrents. The beach sediments are
coarse sands. These sands are significant terrigenous fragments
(Fig. 3). The tidal flat is very narrow and extents smoothly and
slopes gently seaward. The sediments covering the bottom to-
pography of this area are of fine sand to sandy mud. Most sed-
iment samples have brown color. This is due to phosphate ship-
ment operations. The system of the malaise of marine environ-
ment deterioration at Quseir area includes the spread of algal
blooms, dense seagrasses, coral bleaching, and declining of pro-
ductivity (Fig. 3), in addition to the poor biological activity of
marine organisms especially coral reefs.

Safaga Harbor is the largest harbor on the Egyptian Red
Sea coast. It is situated between latitudes 26° 43′ 42″ N and
26° 44′ 22″ N and longitudes 33° 56′ 20″ E and 33° 56′ 05″ E
(Fig. 2). The intertidal zone in Safaga Harbor is extremely
narrow. Shoreward, the area is skirted by high basement
mountains. The beach sediments are generally coarse sands
mixed with common rock-forming detritus from the surround-
ing formations (Figs. 2 and 3). The sediments covering the
intertidal zone are fine to very fine sand sizes and rich in
terrigenous constituents. On the other hand, bottom topogra-
phy of Safaga Harbor is mud to sandy mud (Figs. 2 and 3).
This is due to phosphate shipment, packing of cement, and
other activities enter this harbor. Therefore, most sediment
samples have gray to dark gray color. Some patches of
seagrass were observed in tidal flat area. The diversity and
distribution of marine organisms in Safaga Harbor is very little
(Figs. 2 and 3). The coastal zone along the Red Sea at Safaga
Town is a site for industrial development and for future estab-
lishment of dense recreational resorts. It includes Safaga
Harbor on which the international trade depends. Therefore,
studies in different fields are urgently needed to help managers
identify anthropogenic impacts, and better assessing the needs
for remediation by detecting any changes, from the existing
level expected with operation of future activity.

El-Esh area is located ~ 30 km north of Hurghada between
latitudes 27° 27′ 93″ N and 27°, 28′ 80″ N and longitudes 33°
38′ 00″ E and 33° 38′ 20″ E (Fig. 2). The catchment area of El-
Esh is 0.48 × 106 m2 and the flushing waters drown from this
area is 14,483 m3 by some wadis as obtained from the Red Sea
and Gulf of Aden pilot (Anon 1980). El-Esh area is character-
ized by the existence of a wide intertidal zone about (300–
500 m). The plenty of water drained from the wadis in the area
necessitates constructing of a tunnel under the asphaltic high
way (Suez - Hurghada road) allowing for water during torrent
periods not to damage the way. Before the shoreline, the sands
are accumulated in the form of small dunes covered by some
vegetation. These dunes separate between the shore zone and
sabkha evaporates. The very gentle slope of this area creates a
wide sabkha basin and awider tidal flat and the intertidal zone of
this area is very long reaching there are about 1.5 km from the
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beach. Along the shore, there are some very small patches of
mangroves observed. A prominent feature, which characterizes
the seaward of the tidal flat, is the presence of more seagrasses
patches and some coral reef patches, namely fringing reefs
(Figs. 2 and 3) Recently, the area was subjected to some impacts
by drilling of oil production where artificial tongue of sediments
enter the sea tomore than 500mwith pipe lines of oil production
(Figs. 2 and 3).

Materials and methods

Field works

Three of the gastropod and pelecypod shells in the Red
Sea were selected for this study. Gastropods are

represented by Lambis truncata and Strombus tricornis,
and Bivalves include only Tridacana gigas (Plate 1).
The specimens were identified according to Wye (1989).
All species were photographed in situ using a Canon
Power Shot A80 at each location. Gastropoda and pelec-
ypod shell specimens were collected by Scuba diving in
all areas under study (Figs. 1, 2, and 3). The specimens of
gastropod and pelecypod shells were cleaned and the soft
tissue was removed on the beach of the area from which
the shells were collected. The empty pelecypod and gas-
tropod shells were soaked in water for 15–30 min in order
to kill any clinging algae then left to dry in air.
Oceanographic parameters that control the coastal features
of the Red Sea, such as salinity, temperature, pH, and
turbidity values were determined on a water sample over-
lying each sampling site.

Fig. 1 Location map of the study
areas along the Egyptian Red Sea
coast

Arab J Geosci (2017) 10: 533 Page 3 of 13 533



Laboratory analyses

All geochemical analysis was carried out on gastropod and
pelecypod shells in the National Institute of Oceanography
and Fisheries, Red Sea, and Alexandria Branches. Ten grams
of each prepared sub-samples of all collected samples was
ground using an agate mortar (RetschMortar), passed through

an 80 mesh sieve and kept in dry, clean bag waiting for anal-
ysis. To determine the carbonate content, 1 g of each prepared
sample was treated by (1 N HCL acid), filtered and washed
several times by distilled water, dried and re-weight in order to
calculate the percentage of carbonate content of the samples
(Mansour et al. 1997 and Basaham and El-Sayed 1998). One
gram of each crude sample was burned to 550 °C for about

Fig. 2 Showing location and bathymetric map of the harbors of a Quseir, b Safaga, and c El-Esh area
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2 h. Organic matter content of the sediments was determined
by sequential weight loss at 550 °C (Brenner and Binford
1988).

Total phosphorus content was calculated; about 0.5 g of
each prepared sample was digested with 10 ml of conc.
HCL acid at 250 °C. The residue was diluted with distilled
water to about 25 ml and shacked vigorously, and then the
solution was filtered to remove any solid remains. By the same
method, blank was also prepared. The filtrate solution was
taken and titrated by using ascorbic acid-molybdenum blue
method (American Public Health Association “APHA” 1995).

Major elements, calcium, magnesium, strontium, sodium,
and potassium, were determined using Atomic Absorption
Spectrophotometer (AAS-GBC-932 Ver. 1.1) at the National
Institute of Oceanography and Fisheries, Red Sea branch.0.5 g
of the prepared ground sample was completely digested in a
Teflon by using a mixture of conc. Nitric (HNO3), perchloric
(HClO4), and hydrofluoric (HF) acids have the ratio 3:2:1
according to (Chester et al. 1994). The results were expressed
in parts per million.

The mineralogy of the selected samples was determined
using the X-ray diffraction technique. About 10 g of each
sample was grounded using agate mortar to less than 80 mesh
size to be ready for the X-ray diffraction. Quantitative method
was applied to determine the carbonate and the non-carbonate
minerals (about 12 minerals were recorded) by using the cop-
per slide technique between 20 and 60 A° according to Hardy
and Tuker (1988). The obtained values are used to calculate
the carbonate and non-carbonate mineral percentages.

Results and discussion

Climate and hydrographic influences

Temperature, humidity, rainfall, and wind are of paramount
significance in determining the nature of marine biological
systems in all parts of the world including the Red Sea.
Understanding the circulation of water in the area is critical
to determine how nutrients, sediment, contaminants, and

Fig. 3 Showing distribution of bottom facies of the harbors of a Quseir, b Safaga, and c El-Esh area
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other water-borne materials are transported. Winds, tides,
and currents drive circulation in the area. Over the whole
year winds, the NW to NE trend predominates, but only in
rare cases, the southern directions occur. Wind velocity
usually ranges between 6.39 and 9.2 km/h with an average
of 8.3 km/h in summer and between 6.01 and 11.57 km/h
with an average of 9.43 km/h in winter (Table 1). Because
of the nearly permanent air and water turbulence, a com-
plete mixing of the water column occurs and no stratifica-
tion is developed inside the water body. This is reflected
also by the values of temperature and salinity, which show
no significant differences between surface and bottom wa-
ters (Piller and Pervesler 1989). Humidity ranges from 56.4

to 62 with an average of 59.2% in summer and varies
between 54.5 and 69.2 with an average of 61.8% in winter
(Meteorological s ta t ion of Nat ional Inst i tu te of
Oceanography and Fisheries (NIOF), Red Sea branch
(Table 1). Sunlight and warmth seem to be as essential to
the production of the bright and varied colors of thee mol-
luscan shells as they are to the growth of thick and
ornamented shells.

Generally, molluscan shells of the Egyptian Red Sea coast
are indicative of warm, shallow water, carbonate environ-
ments with hypersaline conditions. The molluscan shells are
commonly large thick, opaque and mostly colored thus cor-
roborating the fact that warm shallow water, tropical shells are

Plate 1 a, b Lambis truncate Humphrey, 1786 (a dorsal view (x = 0.46), b aperture view (x = 0.24)). c, d Strombus tricornis Humphrey, 1786 (a dorsal
view (x = 0.52), b aperture view (x = 0.41)). e, f Tridacna gigas (Linne’) 1797 (a left valve, side view (x = 0.33), b internal of right valve (x = 0.33))
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generally more colored, thicker, large-sized, and ornamented
than those of the cold water (Ouda and Obaidalla 1998)
(Table 2).

Geochemistry

Carbonate

Typical molluscan shells contain three or more layers. The
outermost layer is usually a chitinous periostracum. The inner
layers (two or more) are calcareous but can contain up to 9%
organic matter (with an average content 2 to 3%) (Hare and
Abeleson 1964). Generally, calcium carbonate contains three
major elements (calcium, carbon, and oxygen), two minor
elements (magnesium and strontium), and a considerable
number of trace elements whose concentrations exceed
1 ppm (Milliman 1974). Pelecypods inhabit nearly every ma-
rine environment. They are probably benthic carbonate con-
tributor to modern shallow sediments. Pelecypods tend to de-
posit their calcium carbonate shells more slowly than gastro-
pods, but absolute growth is strongly dependent upon the
nature of the environment and substrate (Swan 1952). Most
quite-water pelecypods have thin shells while those mollusks
living in higher energy environments have thicker shells.
Similarly, mollusks living in very gold waters usually have
thin and chalky shells. Perhaps the fastest measured rate of
pelecypods carbonate deposition is that of Tridacna gigas
which deposits 23 g of CaCo3/100cm2/year (Bonham 1965).
The total carbonate content in gastropod and pelecypod mol-
lusk shells of the study areas varies between 95.61% in
Tridacna gigas at Quseir Harbor and 98.41% in Lambis
truncata at Safaga Harbor (Table 3; Fig. 3). According to
Nicols (1967), pelecypods are probably the major benthic

carbonate contributor to modern shallow marine sediments.
They tend to deposit their calcium carbonate shells more slow-
ly than do gastropods.

Organic matter

Layers of organic matrix between the crystalline layers give
the shells increased flexibility needed in environmental stress-
es (Wainwright 1969). The organic matter is mainly derived
from the autolysis of dead cells or actively excreted by diverse
organisms as benthic algae, copepods, and sea urchins, as well
as planktic species (Kenneth 1988). The distribution of total
organic matter varies from 0.3% in Strombus tricornis at
Safaga Harbor to 2.0% in Tridacna gigas at the same area
(Table 3; Fig. 4). Based on the organic matter, content plays
a significant role in the marine environment. Therefore, the
organic materials are present essentially cooperated with the
mud fraction that considered the scavengers for the trace
metals. There is no correlation between TOM and the vari-
ables except to magnesium content (+ 0.62) and quartz
(− 0.79) Table 4.

Major elements

Calcium Calcium is considered an essential element for the
marine carbonates where calcium is the main in aragonite and
Mg-calcite. Calcium level ranges from 55.2% in Strombus
tricornis at Safaga Harbor to 71.05% in Tridacna gigas at
El-Esh area (Table 3; Fig. 4). According to Madkour (2004),
molluscan shells have high values of calcium contents com-
pared with foraminferal tests. This is due to molluscan shells
are mainly composed of aragonite.Milliman (1974) found that
Ca content in Sorites is 35.2%, while (Goreau and Goreau

Table 2 Hydrographic parameters measured during collected samples shells at different localities along the Egyptian Red Sea coast

Location Depth (m) Do (mg/l) S (‰) pH Eh (mv) Temp (°C) TDS (g/l) Spec (ms/cm)

Quseir Harbor From 0 to 42 with avg. = 8.2 m 6.98 41.07 8.1 365.7 23.59 38.89 62.02

Safaga Harbor From 0 to 39 with avg. = 21 m 5.89 41.13 8.2 389.6 24.68 39.2 61.59

El-Esh area From 0 to 38 with avg. = 14 m 6.28 41.89 8.3 429.5 23.87 39.5 62.53

Do dissolved oxygen, S salinity, Eh oxidation reduction potential, TDS total dissolved salts, SPC specific conductivity

Table 1 Climate parameters measured by the meteorological station of the NIOF, Red Sea branch

Seasons Summer Autumn Winter Spring

Min Max Avg. Min Max Avg. Min Max Avg. Min Max Avg.

Temperature, °C 28.8 30.8 29.8 18.2 29.7 22.4 15.7 21.8 16.1 21.6 29.0 26.5

Humidity, % 56.4 62.0 59.2 57.0 65.6 61.3 54.5 69.2 61.8 55.4 69.2 62.3

Wind speed, km/h 6.4 9.2 8.3 8.1 9.6 9.2 6.0 11.6 9.4 4.7 10.9 8.4

Wind direction NE, E NE NE, N, NW NE
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1960a) found that Acropora and Porites have Ca levels of
38.8 and 39.4%, respectively. Hanna (1990) recorded that
the Ca content in hard corals ranges from 48.2% ± 0.1 in
Acropora aspera to 63% ± 0.2 in Fungia serrata at the west-
ern Egyptian Red Sea coastal area in front of Al-Ghardaqa.
Ziko et al. (2001) pointed that the Ca content in some recent
shells ranges from 40.8 in Turbo (Batillus) radiatus to 55.2%
in Cypraea staphylaea along the Red Sea coast.

MagnesiumMagnesium is one of the major elements in some
marine invertebrate’s especially foraminiferal tests.
Magnesium is associated with calcium and is essential in the
dolomites and high Mg-calcite. Mg concentration in mollus-
can shells changes from 0.06% in Lambis truncata at Quseir
Harbor to 0.24% in Tridacna gigas at the same area (Table 3;
Fig. 4). Abd el Aal and Hassan (1988) found that Mg content
in Strombus tricornis is 0.12% of Hurghada area. Ramadan
and Shata (1993) pointed that Mg concentration range be-
tween 118 and 707 ppm, averaging 288 ppm in Anadara
diluvii from Mediterranean coast. Shata and Hassan (2000)
found that Mg content of bivalve shells varies from
252.7 ppm in family Venerida to 510.0 ppm in family
Arcidae at the Eastern Harbor of Alexandria. Ziko et al.
(2001) illustrated that the Mg content in some recent shells
ranges from 0.75% in Chama pacifica at Gebel Zeit to 3.11%
in Amphistegina lessonii, at El-Hamrawein area. According to
Madkour (2004), foraminiferal tests have the highest values of
Mg content compared with coral reefs and molluscan shells
along the Egyptian Red Sea coast. This is because benthic
foraminfera are composed of Mg-calcite with rarely aragonite
(Hemleben et al. 1986).

Strontium The presence of Sr++ is linked with the crystalli-
zation of aragonite. On the other hand, Sr can be related to the
rate of growth of the molluscan shells (Milliman 1974).
According to Thompson and Livingston (1970), strontium
decreases with increasing temperature in the some aragonitic
molluscan shells and increases with increasing temperature in
some calcite species, but inmost organic carbonates, the stron-
tium content remains more or less constant with temperature.
The Sr concentration in molluscan shells varies from
1686.42 ppm in Lambis truncata at Quseir Harbor to
2335 ppm in Strombus tricornis at El-Esh area (Table 3;
Fig. 4). Ramadan and Shata (1993) stated that, strontium
shows a somewhat different mode of variation, whereas its
concentration varies from 3000 to 8000 ppm, averaging
5000 ppm in the shells of Anadara diliuvii collected from
the beach of Port Said. They also added that, the irregular
variations of the Sr++; and its apparent increase through the
age stages of the studied shells can be interpreted on basis of
the degree of crystallization of aragonite. Ziko et al. (2001)
recorded that, the strontium content in the recent shells ranges
from 1141 ppm inClanculus (Clanculus) pharaonius at Gebel

Zeit to 2833 ppm in Cypraea staphylaea at El-Hamrawein
area. According to Madkour (2004), coral reef species record-
ed the maximum values in strontium content of the areas un-
der study, compared with forminferal tests and molluscan
shells. This is because all scleractinians are composed of
aragonitic.

Sodium The occurrence of alkaline cations (Na and K) is
extremely little in marine carbonate especially recent shells.
The variation of sodium levels in molluscan shells is from
0.4% in Strombus tricornis at Safaga Harbor to 1.04% in
Lambis truncata at El-Esh area (Table 3; Fig. 4). According
to Milliman (1974), sodium contents in Acropora and Porites
are 0.44 and 0.43%, respectively. In comparison, coral reefs
and recent shells have higher values of sodium content than
foraminiferal tests (Madkour 2004). This is probably due to
the effect of the environmental condition surrounding these
organisms.

Potassium The potassium level in molluscan shells ranges
from 0.01% in Tridacna gigas at Safaga Harbor to 0.08% in
Strombus tricornis at Quseir Harbor (Table 3; Fig. 4).
Madkour (2004) recorded that foraminiferal tests have high
values of potassium content compared with coral reefs and
molluscan shells. This variation, probably the source, is rich
of K element; therefore, the difference in percentage of the
same species from place to place is found. Madkour (2004)
recorded the major elements (Ca, Mg, Na, and K) in mollus-
can shell species at the same areas and those values were close
to these values. Elemental composition depends strongly upon
the mineralogy of the skeleton of molluscan shells.

Minor elements (phosphorus content)

The abnormal increasing of the phosphorus content causes
flushing for many undesired species as red algae which termed
the coral killer and other species of macro-algae in coral reef
areas such as Quseir and Safaga Harbors. On the other hand,
the shortage of phosphorus content causes emaciation in the
living biota. Schelske et al. (1985) stated that, the proportion
of total phosphorus inputs increased with increased disposal
and domestic sewage into the areas closed to urban localities.
The P concentration in molluscan shells is from 34.44 ppm in
Lambis truncata at El-Esh area to 4286 ppm in Tridacna gigas
at Quseir Harbor. Generally, bivalve species (Tridacna gigas)
recorded high values compared with gastropod species
(Lambis truncata and Strombus tricornis) in all study areas
(Table 3; Fig. 4). In comparison between coral reefs and mol-
luscan shells for phosphorus content, coral reefs recorded high
concentrations particularly in Quseir and Safaga Harbors
(Madkour 2004). This is due to larger quantities of phosphates
carried into the seawater in these harbors from which the
phosphates are exported to other areas. Most organisms
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especially coral reefs are affected from increasing of the phos-
phorus content. The highest amount of dead corals in Quseir
Harbor and this is associated with increasing of P content.
Nutrient enrichment of coastal waters enables algae to thrive,
overgrow, and kill some organisms in the marine
environment.

X-ray diffraction analysis

The composition of mollusks can change greatly with envi-
ronment as well as in response to various organic phenomena
such as the composition of the organic matrix (Hare 1963).
Generally, mollusks with mixed mineralogies aragonite con-
tent increase with decreasing salinity (Eisma 1966). Aragonite
content also can increase with increasing water temperature
(Milliman 1974). The X-ray analysis indicates that the gross
mineralogy of molluscan shells of the study areas is nearly
similar and comprises primarily carbonates minerals
(Table 3). Aragonite has values ranges from 50.1% in lambis
truncate at El-Esh area and 87.5% in Tridacna gigas at Quseir
Harbor (Table 3; Fig. 4). The values of aragonite content in
gastropoda and pelecypod skeletons at the study areas differ
from species to another and depends on the nature of the area.

Variation in composition with mineralogy

According to Milliman (1974), numerous exceptions exist in
the rules governing the mineralogical and chemical data of
gastropods and pelecypods. Elemental composition depends
strongly upon the mineralogy of the skeleton. Cations with
large ionic radii such as strontium and to a lesser extent barium
lead and uranium tend to be more concentrated in aragonite
than in calcite. Elements with small ionic radii such as (mag-
nesium, manganese, iron, nickel, and phosphorus) prefer cal-
cite. The relation between radius and mineralogy seems logi-
cal in view of the lattice structure of aragonite and calcite.
Strontium values are three to five times higher in most arago-
nite than in calcite. On the other hand, magnesium values
within aragonite are uniformly low never more than 0.5% by
weight and generally less than 0.25%. Magnesium concentra-
tions in calcite can be either high or low but seldom in
between.

Conclusions

The molluscan shells exhibited high concentrations of phos-
phorus from Quseir Harbor compared with the study areas.
This is due to larger quantities of phosphates carried into the

�Fig. 4 Carbonate, total organic matter, aragonite, calcium, magnesium,
strontium, sodium, and phosphorus contents of gastropods and
pelecypods (bivalved moluscan) shells at the study areas
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seawater in this area. Quseir Harbor exhibited the greatest
amount of dead organisms associated with increased phospho-
rus concentrations. Quseir Harbor is the oldest port to ship
phosphate on the Egyptian Red Sea coast in the past.

The results of analysis are used as fingerprints to assess
polluted gastropod and pelecypod mollusk shells and to iden-
tify anthropogenic impacts and geochemical composition bet-
ter assess of the need for remediation. Mineralogy is the most
important parameter in determining the elemental composi-
tion of a carbonate; other factors such as phylogeny, the envi-
ronment, mode of living, ontogeny, and biochemical and
physiological considerations are also important. The shell-
wall structure of the investigated gastropoda and pelecypods
are characterized by the presence of aragonitic materials either
in form of complex crossed lamellar structures or as simple
prismatic structures especially in pelecypod skeletons. The
aragonitic wall structure of the Red Sea shells is in contrast
with the calcite wall structure recognized among some recent
shells from the Mediterranean and Black Seas. Further re-
search and assessment of gastropod and pelecypod ecosys-
tems in the Egyptian Red Sea are needed to ensure a sound
basis for environmental and resource management.
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