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Abstract This study focuses on the diagenetic sequence un-
der marine and meteoric conditions as well as isotopes and
trace metals contamination in Quseir and Gebel Zeit areas
along the Egyptian Red Sea coast through a series of modern
and fossil corals, Porites lutea and Favites pentagona. The
diagenetic sequence begins with deposition of thin fringes of
syntaxial aragonite and micritic high-magnesian calcite
in the modern corals to completely altered Porites and
partially altered Favites to low-magnesium calcite in the old-
est Pleistocene unit. Average 5'*0 and 6'°C values of
Pleistocene corals in the two studied areas were lower than
those of modern corals. Values of modern corals and lower
fossil unit indicated coralline limestone, while those of middle
and upper fossil units indicated fresh water influences.
Average values of trace metals in modern corals were higher
than those of Pleistocene counterpart except for Mn. Modern
coral samples recorded enrichment in the average values of
Pb, Zn, and Mn at Quseir area and enrichment in Co, Cu, and
Ni at Gebel Zeit area. This may be attributed mostly to
different tourist activities, landfill due to increase urbanization
and nearby of Quseir area from the old phosphate harbor at El
Hamrawin area, as well as oil exploration and production
activities in the Gulf of Suez area. Also, results indicated that
most samples of Porites have high concentration of trace
metals than in Favites, especially in Cu, Zn, Mn, and Pb.
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This may due to high amounts of intergranular porosity and
high total surface area of Porites in contrast to Favites.
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Introduction

In their review on the geology of coral reefs in the Red Sea,
Behairy et al. (1992) summarized the pressures affected coral
reefs are increasing the human activities in the coastal areas, such
as, urbanization, industrialization, and growing tourist industry
as well as oil spills and untreated sewage from urban areas.

Much of the extensive works on Quaternary reef sequences
have been focused on their fossil record, trace and heavy
metals, ecology, diagenetic features, and depositional history
(James and Ginsburg 1979; Macintyre and Marshall 1988; El-
Sorogy 1997a, b; Bastidas and Garcia 1999; Abd El-Wahab and
El-Sorogy 2003; Braithwaite and Montaggioni 2009; Gopinath
et al. 2009; Kumar et al. 2010; El-Sorogy et al. 2012).

Description of changes in Quaternary sequences are less
common and have tended to emphasize the variety of ce-
ment matrix present and their relationships to fresh or saline
waters or to vadose and phreatic zones (Schroeder 1973;
Steinen and Matthews 1973; Dullo 1986; Aissaoui et al.
1986; Strasser et al. 1992; Melim et al. 2001).

Studies linked between diagenetic sequence of Quaternary
coral reefs and their contents of trace metals and oxygen and
carbon isotopes along the Red Sea coast are very rare.
Therefore, the target of the present work is to study the
diagenetic sequence and to document the relationship with
trace elements, carbon and oxygen isotope within modern and
fossil coral skeletons along the Red Sea coast, Egypt.
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Materials and methods

Modern and fossil Pleistocene Porites lutea and Favites
pentagona were sampled from Quseir and Gebel Zeit areas
(Fig. 1). Modern coral specimens were collected by scuba
diving from 1 to 4 m depth below sea level, from the reef
flat to the upper part of the reef slope. For diagenetic alter-
ations, 62 representative samples were chosen for thin sec-
tions after impregnation with resin under vacuum. Twenty
samples were chosen for SEM examination (Laboratories of
National Centre for Research, Egypt and Kiel University,
Germany). Twenty-four samples were subsampled for car-
bon and oxygen isotopes (Erlangen, Germany).

For Zn, Pb, Mn, Fe, Cr, Co, Ni, and Cu analysis, 20 coral
samples are washed with sodium hypochloride for 24 h to
remove the undesired attached materials and organic tissues
(especially for living corals) and then with distilled water.
They were oven dried at 60 °C and powdered in an agate
mortar; 0.2 g of each sample was digested in 5 ml of HCI
and 15 ml HNO;-HCIO, with ratios 5:1, respectively
(Oregioni and Aston 1984). The digested samples were
centrifuged at 200 rpm, and the centrifuged liquids were
used for the determination of trace elements in modern and
fossil coral samples using an inductively coupled plasma
atomic emission spectrophotometer (Laboratory of Egyptian
Nuclear Material Authority).

Fig. 1 Location map of the
studied sites (after Geologic
Map of Egypt 1981). Quaternary
(| = )—wadi deposits, raised
beaches, and coral of the Red
Sea coast. Pliocene (
marine beds. Miocene ([l —
clastics, gypsum, and carbo-
nates. Other symbols are of
older rocks

Geologic setting

Seismic investigations suggest that reef complex limestones
deposited between the Pleistocene and today along the Red
Sea coast reach 200 m thick and that these rest on the eroded
Pliocene and older deposits (Behairy et al. 1992)

Recent reefs

Recent coral samples were collected from marine area off Wadi
Quseir El-Kadium and Gebel Zeit areas (Fig. 1). At Quseir area,
the coastal area is wide, while the beach is narrow. The tidal flat
is very wide, nearly horizontal, and extends smoothly with very
gentle slope seaward. Its bottom floor is rocky, mainly of
coralline limestone. The offshore zone includes seagrass and
algae on the muddy bottom floor, then fringing reef with high
diversity. Field observations proved that, marine area off Wadi
Quseir El-Kadium is polluted by different tourist activities and
it’s nearby from the old phosphate harbor at El Hamrawin area.

At Gebel Zeit area, the tidal fat extends 3040 m offshore
and is followed by a gentle slope to a sandy bottom at 4-5 m
deep. Corals are of low diversity than those of Quseir area.
Field observations proved that, marine area off Gebel Zeit area
is polluted by oil due to its nearby form oil exploration and
production activities in the Gulf of Suez area.

Quse \\
X
N

@ Springer




Arab J Geosci (2013) 6:4981-4991

4983

Pleistocene reefs

The Pleistocene raised reefs are one of the most striking
features of the coastal plains of the Red Sea coastline
(Behairy et al. 1992). These occur in three units with ele-
vations range from 10 to 25 m above the present sea level
and with maximum width of about 550 m (EI-Sorogy 2008;
El-Sorogy et al. 2012). The vertical pattern shows a trans-
gressive sequence in the lower (youngest) and upper (oldest)
units and a regressive one in the middle unit. The contact
between the different reef units is not always obvious. They
form leveled stepped elevations on coastal plain.

In general, the lower unit is easily traced along the Red
Sea coast at the two studied areas (Fig. 2a), with width 50 to
120 m. It has three prominent morphological steps at ele-
vations of 1.5, 3.5, and 9 m respectively above the present
sea level. The lower unit rests on 0.45 to 1.25 m thick,
varicolored conglomeratic layer (surface of nonconformity).
The most abundant scleractinians are faviids, poritiids, and
acroporids as well as preserved pelecypods, gastropods, and
echinoids. It was dated 110,000+8,000 and 141,000—
61,000 years BP. at the southern tip of Sinai Peninsula
(Gvirtzman and Friedman 1977; Gvirtzman et al. 1992).

The middle unit at the studied areas comprises two mor-
phological terraces of about 8 m thick with elevations of 14
and 19 m above present sea level in the two studied sites. The
most abundant fossils (Fig. 2b) are scleractinians, mollusks,
and echinoderms. It was dated as 200,000-250,000 years BP at
south Sinai Peninsula (Gvirtzman and Friedman 1977) and
205,000 years at the Saudian Red Sea coast (Dullo 1990).
Also, Hoang and Taviani (1991) dated 200,000 years to corals
at 17 m altitude from Zabarged island.

In Quseir area, the upper unit unconformably overlies the
rocks of Pliocene Shagra Formation. The upper unit ranges
in elevation from 20 to 25 m above the present sea level. It
forms one morphological terrace. The fossils (Fig. 2c) are
represented by moderately preserved scleractinians and
echinoids. Corals in the same stratigraphic sequence in
southern Sinai are dated at 330,000-290,000 years BP by
Gvirtzman et al. (1992). The upper unit is absent in Gebel
Zeit area, which may be due to erosion or paleorelief

topography.

Results
Diagenetic sequence and isotope analysis

For corals, diagenesis refers to the precipitation of second-
ary aragonite or calcite in skeletal voids or the replacement
of skeletal aragonite usually with calcite (Bathrust 1975).
During this transformation, isotopes and trace elements are
exchanged and removed, thus changing the geochemistry of

the coralline matrix which may affect coral proxy records
(McGregor and Gagan 2003; Al-Rousan et al. 2007).

The following is a detailed description of the diagenetic
sequence within Quaternary modern and fossil coral skele-
tons and their trace metals and isotope contents in the
studied locations.

Modern corals

The first effects of diagenesis occur in a few years in the
form of thin fringes of syntaxial aragonite cement develop-
ing upon skeletal structures, together with textural changes
in the skeleton itself (Perrin and Smith 2007). Micritic high-
magnesian calcite and secondary aragonite needles are typ-
ical of marine environments (Rabier et al. 2008).

The examined modern corals at the two locations
(Figs. 2d, f and 3a—d) mostly show excellent preservation
of centers of calcification, in the form of central thin dark
line in crossed polarized light with no alteration of the
primary microstructure. The radiating fans of the scleroder-
mites are clearly visible (Fig. 3c¢).

Some thin sections of modern corals show an absence of
void filling or marine cement formation (Fig. 2d, ¢). Such
samples may be formed in the recent years. Shinn (1969),
recorded growth of aragonite in the modern corals of the
Persian Gulf within about 20 years and bulk cementation
within ca 400 to 1,000 years. Cavities of other samples
contain initials and few ones almost filled with marine
cements (Fig. 3b, d).

The most widespread aragonite in modern Porites
(Fig. 3d) consists of acicular crystals (rods and needles),
continuous or irregular linings of subhedral fibrous crystals
30-200 um long and 2—10 um wide. It was grown epitaxial
on the surfaces of corals or other aragonitic bioclasts, on
micrite envelopes and as extensions of crystals forming
trabeculae or other structural elements (El-Sorogy 1997a).
Stable isotope values of modern corals at Quseir area ranged
from 0.10 to 2.00%o 5'°C PDB and from —2.30 to —0.99 %o
5'%0 PDB for P, lutea and ranged from 2.90 to 4.19%. &'°C
PDB and from —2.10 to —0.77%o 6'*0 PDB for F. penta-
gona. Isotope values of the two studied species at Gebel Zeit
area are located within the values of Quseir area (Fig. 5).

Lower fossil corals

The calcification affecting the aragonitic corals during subaer-
ial diagenesis was generally explained by one of the two
following mechanisms (Rabier et al. 2008): first, a partial or
full dissolution of the aragonite skeleton, followed by cemen-
tation of the primary and secondary voids by an allochthonous
low-magnesium calcite (James 1974; Saller 1992). Second, a
neomorphism characterized by a concomitant dissolution of
the skeletal aragonite and re-precipitation of an autochthonous
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Fig. 2 a Lower fossil unit,
located just above mean sea
level, Quseir area; bar=90 cm.
b Middle fossil unit with large
colonies of Platygyra in life
position, Quseir area; bar=

90 cm. ¢ Upper fossil unit with
large colony of Porites in life
position, Quseir area; bar=

90 cm. d Pristine aragonitic
Porites shows an excellent
preservation of centers of
calcification (arrows) and
absence of marine cement
(appears in black), cross-
polarized light of modern corals
of Quseir area; bar=0.7 mm. e
Well-preserved wall between
three corallites of an aragonitic
Favites with perforations by
micro-bioeroders (arrows) and
absence of void filling, cross-
polarized light of modern corals
of Quseir area; bar=0.7 mm. f
Aragonite needles forming the
sclerodermites of a well-
preserved Porites with intra-
skeletal porosity (arrows),
cross-polarized light of modern
corals of Quseir area;

bar=0.4 mm

low-magnesium calcite along a neomorphic front (Maliva and
Dickson 1992; Maliva et al. 2000), subsequently followed by
the infilling of the primary pores by an allochthonous low-
magnesium calcite.

Samples of lower fossil coral unit always display early
intraskeletal dissolution zones. These zones characterized
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by hollow channels along the trabecular axes, a conse-
quence of the centers of the sclerodermites are more likely
to be dissolved than any other parts of the skeleton.
Leaching is more extensive to the point where calcification
centers have been removed, leading to open trabecular cen-
ters (Fig. 3e). In this respect, several authors clearly reported
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Fig. 3 a Marine cements
completely fill coral cavity of a
pristine aragonitic Favites
(arrow), cross-polarized light of
modern corals of Quseir area;
bar=0.6 mm. b Some cavities
of Porites are completely fill
with marine cement (arrows)
and others with initials, cross-
polarized light of modern corals
of Quseir area; bar=0.6 mm. ¢
Aragonite needles forming the
sclerodermites of modern
Favites in Quseir area. Note the
intraporosity among scleroder-
mites, SEM; bar=20 pum. d
Modern Porites with marine
aragonite cements slightly fill
cavities, Gebel Zeit, SEM;
bar=40 um. e Early intraskele-
tal dissolution zones along the
trabecular axes of Porites in
Quseir area, lower fossil unit;
bar=0.7 mm. f Typical chalky
appearance of trabecular struc-
ture of a fossil Porites due to
meteoric diagenesis, Gebel Zeit,
Lower fossil unit; bar=20 pm
(given by El-Sorogy 2002)

that these centers of calcification favor the flow of leaching Chalky aragonite is a dissolution texture often developed
water (Gvirtzman and Friedman 1977; Perrin 2003). Next,  in association with precipitation of single crystal calcite
the water flowing through the central channels can dissolve ~ (Marshall 1983). This texture is thought to occur in areas
the tightly packed adjacent aragonite needles, as illustrated  saturated with water in dissolution rate greater than calcite
by the development of secondary porosity (Fig. 3f), termed  precipitation (McGregor and Gagan 2003). Stable isotope
chalky zone in the sense of Pingitore (1976). values of samples from the lower Pleistocene unit at Quseir
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area ranged from —1.10 to 1.37% 6'C PDB and from
—3.07 to —2.37%o0 6'*0 PDB for P. lutea and ranged from
+2.30 to +3.10%o 6'°C PDB and from —3.28 to —2.18%
5'%0 PDB for F. pentagona. The values of Gebel Zeit
samples of this unit are located within the values Quseir
samples (Fig. 5).

Middle fossil corals

Meteoric diagenesis is characterized by the precipitation of
low-magnesium calcites (Longman 1980; Rabier et al.
2008). The rate of fresh water flow through the coral skel-
etons and the length of time it is in contact with the arago-
nite are variable in accordance with the different kinds of
porosity (James and Choquette 1984). Intraskeletal micro-
porosity contains the voids inside the centers of calcifica-
tion, voids between the aragonite needles of sclerodermites,
between adjacent sclerodermites (Figs. 2f and 3c, f), and
perforations by micro-bioeroders (Figs. 2e and 3a). The
largest size interskeletal macro-porosity is related to
interconnected endothecal and fenestral pores (Figs. 2d, f,
3e, and 4c, d, ).

Some samples of middle fossil corals show partial neo-
morphic alterations, in the form of replacement of aragonite
with calcite without destroying the gross coral morphology
(Fig. 4a). The neomorphism includes corals, coralline algae,
echinoid plates, and some mollusc shells (Fig. 4b). Corals of
middle Pleistocene unit from the two studied areas show
isotope values range from —2.09 to —0.33 %o 5'°C PDB and
from —5.46 to —3.04%o 6'*0 PDB for P. lutea and range
from +1.24 to +2.41%o &'°C PDB and from —6.14 to —4.90
%o 5'*0 PDB for F. pentagona (Fig. 5).

Upper fossil corals

Samples of upper (the oldest) fossil corals at Quseir area,
show completely altered microstructure, particularly for
Porites (Fig. 4c, f). Blocky, roughly equant grains are wide-
spread as well as radial groups of crystals of prismatic,
obtuse-angled rhombohedral, or nailhead spary calcites mo-
saic are reprecipitated (Fig. 4c—f).

The equant calcite spars lining or completely fill the primary
and secondary voids lead to porosity decreases (Fig. 4e, ). In
general, the variations in morphology of calcite cements are
interpreted as reflecting changes in water chemistry during
crystal growth (Braithwaite and Montaggioni 2009).

In most cases only the micrite envelopes preserve the outline
of the original corallites (Fig. 4e). Within skeletons of £ penta-
gona, it is common to find small areas of acicular epitaxial
crystals preserved beneath cement overgrowths on neomorphic
calcite crystals. These crystals retain distinct optical properties
and are not altered and preserved as “ghosts™ of the original
texture (Fig. 4f). Stable isotope values of samples from the
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upper (the oldest) Pleistocene unit at Quseir area (Fig. 5) ranged
from —2.75 to —1.80%o 5'°C PDB and from —7.16 to —5.44%o
5'80 PDB for P. lutea and ranged from —1.55 to —1.34%o 5"°C
PDB and from —9.20 to —8.77%o 5'*0 PDB for F. pentagona.

Trace metals contamination

Pb is a toxic element to corals and is well known as indicator
of anthropogenic activities (Beyersmann 1994; El-Sorogy et
al. 2012). The average concentration of Pb in recent corals is
21.8 ppm at Quseir area and 19.41 ppm at Gebel Zeit arca
(Tables 1 and 2). Sample 5 of modern Porites at Quseir area
has the highest concentration (Table 1). The recorded values
are higher than Pb values of the same genera in Gulf of
Mannar, India (1.75 ppm) by Kumar et al. (2010) and north-
west coast of Venezuela (0.208 ppm) by Bastidas and Garcia
(1999). The recorded values of Pb are less than those of
Jordanian Gulf of Aqaba (47.91 ppm) by Al-Rousan et al.
(2007) and from the Red Sea coast of Saudi Arabia
(31 ppm) by Hanna and Muir (1990). The average concen-
tration of Pb in Pleistocene corals is 1.27 ppm at Gebel Zeit
area and 0.86 ppm at Quseir area (Tables 1 and 2).

The average concentration of Co in Recent corals is
12.79 ppm at Gebel Zeit area and 11.72 ppm at Quseir area
(Tables 1 and 2). In spite of the rarity of Co analysis in
worldwide reefs, the recorded Co concentrations are higher
than those of Gulf of Mannar, India (2.55 ppm) by Kumar et
al. (2010) and Red Sea coast (0.49 ppm) by Abd El-Wahab
and El-Sorogy (2003). The average values of Pleistocene
samples are 0.38 ppm at Gebel Zeit area and 0.18 ppm at
Quseir area (Tables 1 and 2).

The average concentration of Cu in Recent corals is
8.92 ppm at Gebel Zeit area and 6.93 ppm at Quseir area
(Tables 1 and 2). Sample 4 of modern Porites at Gebel Zeit
area has the highest concentrations (Table 2). The recorded
Cu values are higher than those of Gulf of Mannar, India
(2.4 ppm) by Kumar et al. (2010); Costa Rica (2.0 ppm),
Panama (3.8 ppm), and Central America (3.3 ppm) by
Guzman and Jimenez (1992); Australia (0.23 ppm) by
Esslemont (1996); and Saudi Arabia (1.23 ppm) by Hanna
and Muir (1990). They are less than the values of north-west
coast of Venezuela (16.33 ppm) by Bastidas and Garcia
(1999). In Pleistocene corals, the average concentration of
Cu is 0.86 ppm at Gebel Zeit area and 0.76 ppm at Quseir
area (Tables 1 and 2).

Zn is an essential micronutrient of coral reefs (Brown and
Howard 1985). The average concentration of Zn in Recent
corals is 20.81 ppm at Quseir area and 17.50 ppm at Gebel
Zeit area, while in Pleistocene samples is 2.86 and 2.74 ppm
at Quseir and Gebel Zeit, respectively (Tables 1 and 2).
Sample 10 of modern Favites at Quseir area has the highest
concentration (Table 1). The recorded values of recent sam-
ples are mostly higher than all the worldwide reef areas except
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Fig. 4 a Partly calcitized fossil
Porites with deposition of low-
magnesium calcite in the pri-
mary cavities and in coral cavi-
ties, middle fossil corals in
Quseir area; bar=40 um. b
Neomorphism in embryonic
gastropod shell, middle fossil
corals in Quseir area; bar=

0.6 mm. ¢ Completely altered
Porites to low-magnesium cal-
cite (dog teeth) by neomor-
phism and dissolution, Upper
fossil corals in Quseir area,

bar =0.7 mm. d Calcite crystals
with rhombohedral “nailhead”
terminations among red algal
fragments, upper fossil corals in
Quseir area; bar=0.7 mm. e
Low-magnesium calcite
replaced the former marine
cements in the cavities of Por-
ites; the original microstructure
is completely leached leaving
only supporting micrite enve-
lopes, upper fossil corals in
Quseir area; bar=0.4 mm. f
Skeletal elements and cements
of Favites are selectively dis-
solved and reprecipitated in situ
as spary calcite mosaic, upper
fossil corals in Quseir area;
bar=0.4 mm

Gulf of Mannar, India (93.21) by Kumar et al. (2010). The
concentration of Zn was 1.87 ppm in Australia (Esslemont
1996), 10.67 ppm in north-west coast of Venezuela (Bastidas
and Garcia 1999), 5.52 ppm in Jordanian Gulf of Aqaba (Al-
Rousan et al. 2007), and 4.31 ppm from the Red Sea (Abd El-

Wahab and El-Sorogy 2003).

o= Y

Mn concentration in corals is used as indicator of the
detrital inputs (Linn et al. 1990). The average concentration
of Mn in Recent corals is 9.6 ppm at Quseir area and
6.10 ppm at Gebel Zeit area, while in Pleistocene samples is
21.7 and 18.42 ppm at Quseir and Gebel Zeit, respectively
(Tables 1 and 2). Sample 4 of Pleistocene Porites in Quseir area
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has the highest concentration (Table 1). As in Zn the concen-
tration of Mn in recent samples are mostly larger than all the
worldwide reef areas except Gulf of Mannar, India (118 ppm)
by Kumar et al. (2010). The concentration of Mn was 7.3 ppm
in Costa Rica (Guzman and Jimenez 1992), 6.62 ppm in Saudi
Arabia coast (Hanna and Muir 1990), 8.22 ppm in Jordanian
Gulf of Aqaba (Al-Rousan et al. 2007), and 2.07 ppm from the
Red Sea (Abd El-Wahab and El-Sorogy 2003).

The average concentration of Ni in recent corals is
19.16 ppm at Gebel Zeit area and 18.8 ppm at Quseir area,
while in Pleistocene samples is 0.70 and 0.20 ppm at Gebel
Zeit and Quseir, respectively (Tables 1 and 2). Sample 5 of
modern Porites in Quseir area has the highest concentration
(Table 1). The recorded values are higher than those of the

Gulf of Mannar, India (0.86 ppm) by Kumar et al. (2010),
Australia (1.62 ppm) by Esslemont (1996), and from the Red
Sea coast of Saudi Arabia (0.18 ppm) by Hanna and Muir
(1990). The average value of Ni in the present recent samples
is less than Costa Rica (91.6 ppm), Panama (93.7 ppm), and
Central America (93.1 ppm) by Guzman and Jimenez (1992).

Discussion and conclusions

Quaternary coral reefs in Quseir and Gelel Zeit areas along the
Red Sea coast are characterized by diagenetic sequence begins
with thin fringes of syntaxial aragonite cement and micritic
high-magnesian calcite developing upon the skeletal structures.

Table 1 Concentrations of trace metals in Pleistocene and Modern corals at Quseir area

Sample number  Site Pleistocene Modern

Cu Ni Pb Zn Mn Co Cu Ni Pb Zn Mn Co
1 Porites lutea .21 001 077 289 1891 022 5.5 151 207 21.1 33 11
2 0.83  0.01 1.07 449 1633 0.17 3.1 159 212 121 45 12.4
3 054 025 041 293 11.01 023 263 154 17 26.3 4.9 8
4 1.10 056 139 425 7044 005 222 18.1 164 222 5.1 12.1
5 .13 0.13 090 355 3770 0.56 2.9 32 42 30.3 56 143
6 Favites pentagona ~ 0.31 0.57 1.12 249 2397 022 1.5 17.8  17.1 9.1 1.8 13
7 086 0.09 0.31 3.49 18.70  0.03 2.1 157 18 29.7 7 10
8 0.63 001 0091 1.25 2.53  0.06 2.1 169 33 14 6.2 14.7
9 079 034 078 2.07 1491 0.17 1.6 26 18.2 7.3 32 127
10 023 005 049 1.15 2,52 0.09 2 15.1 144 36 13.9 9
Minimum 023 0.01 031 1.15 2,52 0.03 1.5 15.1 14.4 7.3 1.8 8
Maximum 1.21 056 139 449 7044 056 263 32 42 36 45 14.7
Average 076 020 0.86 2.86 21.70 0.18 6.93 18.8 21.8 20.81 9.6 11.72
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Table 2 Concentrations of trace metals in Pleistocene and Modern corals at Gebel Zeit area
Sample number  Site Pleistocene Modern

Cu Ni Pb Zn Mn Co Cu Ni Pb Zn Mn Co
1 Porites lutea 1.20 099 029 199 2181 025 8.3 18.1 20.6 13.1 4.0 12.4
2 0.78 001 099 7.0 1535 0.11 6.1 17.0 19.2 12.0 4.8 12.9
3 0.50 025 266 145 9.0 0.32 30 19.0 22.0 30.0 5.0 12.3
4 0.10 056 244 2.01 3332 0.11 29.2 18.0 19.4 26.3 9.0 13
5 215 099 1.07 532 31.0 0.32 5.1 29 22.3 353 3.7 14.9
6 Favites pentagona 1.0 091 034 1.11 1997 0.19 2.0 15.2 18.3 9.01 2.11 18.0
7 049 1.0 1.65 3.0 22.0 0.34 1.9 18.0 12.9 8.02 9.0 13.3
8 0.73 1.34  0.11 098 1222  0.78 2.8 20.1 349 22 532 14.0
9 091 0091 1.99 143 6.56 0.51 2.3 22.8 9.2 4.99 5.0 8.10
10 0.72  0.03 1.19  3.11 13.0 0.83 1.5 14.4 15.3 14.3 13.11 8.98
Minimum 0.10 0.01 0.11 098 6.56 0.11 1.5 14.4 9.2 4.99 3.7 8.10
Maximum 2.15 134 266 7.0 3332 0.83 30 29 349 353 13.11 18.0
Average 0.86 070 127 274 1842 0.38 8.92 19.16 19.41 17.50 6.10 12.79

Samples of lower fossil corals display early intraskeletal disso-
lution zones along the trabecular axes and precipitation of
single crystal calcite. Samples of middle fossil corals show
partial neomorphic alterations, in the form of replacement of
aragonite with calcite without destroying the gross coral mor-
phology. Upper Pleistocene corals at Quseir area show com-
pletely altered microstructure, particularly for Porites. Blocky,
roughly equant grains are widespread reprecipitated. Skeletons
of Favites show small areas of aragonitic acicular epitaxial
crystals, preserved beneath cement overgrowths on neomor-
phic calcite crystals.

The difference in diagenetic rate between the two studied
species, especially of the upper Pleistocene unit in Quseir area
is attributed to the difference in their microstructure and
microarchitecture. P. [utea consists of small, loosely arranged
septa, with isolated trabecular centers, loose crystal packing
and high amounts of intergranular porosity (Constantz 1986).
These give the skeletons high total surface area for water to
flow through. In contract to F. pentagona, this is characterized
by laminar septa, composed of massive and linear trabecular
centers. These centers exhibit tight crystal packing, which
restricts the reactive surface area and intercrystalline porosity
to a minimum.

There were no significant differences in isotope values
between the two studied areas, where isotope values of the
coral samples at Gebel Zeit are always located within values
of Quseir area (Fig. 5). Marked differences in isotope values
are shown among coral units from modern to fossil ones and
between the two studied coral species. Stable isotopes of
modern corals of the two studied areas are comparable with
the values of unit 9 of Braithwaite and Montaggioni (2009)
from the Great Barrier Reef. These are consistent with
marine sediments and cements (Hudson 1977). Isotopes of

lower Pleistocene unit show a marked decrease than modern
one, especially in carbon isotopes. These values indicate
freshwater signals and mixing zone and are comparable to
the data obtained from corals of the youngest Pleistocene
terrace of southern Sinai (Strasser et al. 1992) and unit 8 in
Great Barrier Reef (Braithwaite and Montaggioni 2009).

Isotope values of Favites from middle Pleistocene unit
suggest a scatter between limestones with cement derived
from the mixing zones, and those reflecting meteoric waters.
Isotope values of Porites are definitely lighter in carbon than
in Favites. This difference in isotopes between the two
studied species may attribute to the preservation style of
the two corals. The negative isotope values of coral samples
from upper (the oldest) Pleistocene unit at Quseir area are
comparable with the values of unit 7 of Braithwaite and
Montaggioni (2009) and with the data obtained from corals
of the oldest unit of southern Sinai (Strasser et al. 1992).
These indicate a strong fresh water influence (meteoric-
derived waters).

The concentration of trace metals in modern coral skeletons
is higher than those of Pleistocene counterpart except for Mn
(Tables 1 and 2). Average values of Ni, Co, Pb, Cu, and Zn in
modern skeletons at Quseir area have nearly 94, 65, 25, 18,
and 7 times respectively than those of Pleistocene ones and the
average values of Co, Ni, Pb, Cu, and Zn at Gebel Zeit area
have 34,27, 15, 10, and 6 times respectively than those of the
Pleistocene ones. Comparison between trace metals analysis
of modern skeletons at the two studied areas indicated enrich-
ment in the average values of Pb, Zn, and Mn at Quseir area
(Table 1). This may be due to different tourist activities,
landfill due to increase urbanization and nearby of Quseir area
from the old phosphate harbor at El Hamrawin area, as well as
weathering of adjacent rocks. Also average values at Gebel
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Zeit area indicated enrichment of Co, Cu, and Ni (Table 2).
This may be attributed to oil exploration and production
activities in the Gulf of Suez area. Mn values are higher in
Pleistocene corals than in modern ones by 3 and 2.3 times at
Gebel Zeit and Quseir areas, respectively. This may be attrib-
uted to diagenesis process, as during diagenetic transforma-
tion, trace elements are exchanged and removed, thus
changing the geochemistry of the coralline matrix that may
affect coral proxy records (McGregor and Gagan 2003; El-
Sorogy et al. 2012).

In comparison with modern worldwide reefs, the recorded
values are less than those of Gulf of Aqgaba, Jordan, and Red
Sea coast of Saudi Arabia (Pb), Gulf of Mannar, India (Zn and
Mn), Costa Rica, Panama (Ni), North-west coast of Venezuela
(Cu). The recorded values are higher than those of Gulf of
Aqaba, Jordan (Zn and Mn), Gulf of Mannar, India (Pb, Co,
Cu, and Ni), North-west coast of Venezuela (Pb and Zn),
Australia (Cu, Ni, Zn, and Mn), Costa Rica, Panama, Saudi
Arabia and Central America (Cu and Mn).

Comparison between trace metal analysis of modern
skeletons of the two studied species (Tables 1 and 2), indi-
cated that, most samples of Porites have high concentration
of trace metals, especially in Cu, Zn, Mn, and Pb than in
Favites. This perhaps due to high amounts of intergranular
porosity and high total surface area for P. lutea in contrast to
limited surface area and intercrystalline porosity for Favites.
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