


















































At its southern extremity, the Red Sea is at its shallowest, despite the fact that separation due to the Arabian
plate rotation is considerable in this part. The depth near the entrance is only 130 m. This is due at least partly to
the fact that the older, underlying salt domes, described earlier, are pressing upwards, leading to a general
shallowing and also contributing to the formation of the Dhalak and Farasan Archipelagoes.

This formationis reflected in the bathymetry (Figure 11). This shows shallow reef-studded shelves of less than
50 m, followed by narrow marginal shelves of varying depth (100-500 m). A useful division by Head (1987b)
quantifies this bathymetric profile (Table 3).
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Figure 11: Major bathymetric profile of Red Sea

Table 3
Distribution of depth in the Red Sea

Depth Range Area as percent of total

(m) (%)
0-50 23.86
50-100 17.27
100-500 15.71
500-100 20.06
1000-1500 11.64
>1500 2.46

Source: Head (1987b)



The distinct main trough of the Red Sea is about 1,000 m depth, extending from the Zubayr Islands to the
Southern tip of the Sinai Peninsula. The deeper or central part of this formation is the axial trough (maximum
width 30 km, near 20°N) which reaches depths of about 2,000 m. The deepest parts along the axial trough form
aseries of isolated basins or deeps. According to Coleman (1977), selected topographic cross-sections reveal steep
sided walls in the axial trough and a very irregular bottom topography.

The Red Sea may be viewed therefore as a great elongated depression which cuts across a huge dome of
Precambrianbasement rocks (Arabian-Nubian massif) flanked by epicontinental material of Miocene and younger
age (Said 1969) and marine sediments (Picard, 1939). Relatively recent geologic maps by Said (1969) illustrate the
pattern seen today (Figures 12 and 13). :

Itis notable, that the opposite sides of the Red Sea form an almost perfect “fit” with each other. This is unlike
most seas, and is clearly the result of the rifting and widening. This fit is clear in the northern two thirds of the Red
Sea, butin fact the fit is good in the south too when it is realised that the Afar Triangle, see Figure 2, is for the most
partbelow sea-level, is volcanic, has major basaltic intrusions, and appears to be a section of oceanic sea floor which
has substantial marine deposits upon it which reach nearly 1 km thick. If this part of oceanic floor was flooded,
the correspondence between the two shores of the Red Sea would be extremely close in the south also. The
importance of this area of land in the geological history of the region is noted as early as Wegener (1929) who
considered the fit when developing his theory of continental drift.

3. CLIMATE AND OCEANOGRAPHY AFFECTING REEF GROWTH
3.1 WINDS AND RAINFALL

Winds, particularly those of storm strength, have controlling influences on the direction and extent of
reef growth, and consequently are important in any discussion of carbonate geology. Red Sea climate and
oceanography are extensively reviewed in Edwards (1987) and Sheppard et al (1992), and the key points are
summarised here. )

In winter two air flows exist; one from the Mediterranean flowing down the Red Sea axis to the central region,
and one from the Arabian Sea flowing up the axis (Figure 14). These two meet in a region of low prevailing winds
in the middle, and both flows are potentially rain bearing. In summer, prevailing air stream flows down the entire
length of the Red Sea, but in this case it is part of an anti-clockwise circulation based over Arabia and Iran, and
hence is not potentially rain bearing.

Several papers list rain data from cities in the region, sometimes tabulating it at great length (e.g. Crossland
et al 1987) but all show very low values, and these annual totals, which average about 50 mm, are of little
consequence. Much more important is the fact that the annual totals are usually deposited in a few hours, causing
flash floods and enormous terrestrial run-off. This maintains alluvial fans, which may kill coral reefs. Only very
rarely does the fresh water itself affect the growth and location of reefs, as can be inferred from the fact that most
wadis or sharms contain reefs within them and at their mouths. This contrasts with earlier times when rainfall was
much greater than it is today. :

Probably more significant to placement and development of reefs are the daily temperature-induced sea
breezes which build up in the summer to considerable strength, and which drive important high energy wave
conditions. Their effect is most noticeable in the alignment of the reefs, whose general tendency to grow into
prevailing waves makes them angle outward towards the waves wherever there is suitable shallow foundation for
them to do so. Apart from occasional storms, these winds are the strongest experienced in the Red Sea and in the
central part they induce a median wave height of 0.6 m along the unprotected outer edges of the barrier reef
(Georeda 1982).

3.2 CURRENTS AND SALINITY

Surface water currents in the Red Sea are driven partly by these winds and partly by a density gradient which
is established by heating and evaporation. Briefly, water entering the Red Sea from the Bab el Mandeb drifts
northwards. The winds and high air temperatures result in evaporation of 1-2 metres per year, and this causes
salinity to rise from about 38-39 parts per thousand (ppt) to as much as 42 ppt at the Gulf of Suez. These salinities
are not in themselves limiting to coral or reef growth. However, the increasing salinity causes a small increase in
water density.
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Figure 12: Geologic map of north and central Red Sea
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Figure 13: Geologic map of southern Red Sea
Source: Said (1969)

Winter cooling in the north, particularly in the Gulf of Suez, together with a possible addition of more salt from
old salt deposits in the Gulf of Suez, further increases the seawater density, causing it to sink, turn underneath the
northwards flow, and return southwards at depth (Figure 15). This “Suez Overfall” is probably the main key to
circulation in this almost land-locked sea, as well as the main mechanism for water exchange with the Indian
Ocean.

The consequences of this to reef geology or location are difficult to identify. Certainly the speed of the current
itself has little effect. The evaporation and increasing salinity likewise seem to have little consequence; it has long
been noted that both reef development and coral diversity are greatest in the north. However, the incoming water
is relatively rich in nutrients, and this is likely to affect the southern region. It is known that reef development is
retarded where nutrients are elevated. Values of dissolved nutrients are 3-10 times greater in the southern part
of the Red Sea than they are in the north, and this may have contributed to the poor reef development seen in the
south.

The temperature of the surface sea water in summer exceeds 31°C, while it varies from between 26.5°C and
24°C in winter, except for the Gulf of Suez, where temperatures commonly fall below 20°C in winter. As with
salinity, temperature does not appear to have much controlling effect on reef development or growth, except in
the northern Gulf of Suez, while high temperatures are important only in a few ponded areas with restricted water
exchange, in summer.
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Figure 14: Winter and summer winds affecting the Red Sea
(ITCZ = Inter-Tropical Convergence Zone)

Source: Sheppard et al (1992)

3.3 TIDES

Tides in the Red Sea are unusual. Morcos (1970) and Edwards (1987) describe the now well known oscillatory
condition whereby the central part at latitude 20-21°N has almost no daily difference in tidal height but where the
sea-level in the northern and southern ends oscillate, showing daily tidal differences whose range increases with
distance from the central region. These ranges reach up to about 0.6 m in the north and 0.9 m in the south, but these
are spring tide ranges and greater than the average. They are generally referrec o as daily tides because they are
acomplex composite of both diurnal and semi-diurnal tides. The Gulfs of Suez and Aqaba continue this trend, and

experience daily tides of 1.5 and 1.2 m respectively.

Superimposed onto this in'the Red Sea is a seasonal tide of at least equal importance. In winter, mean sea-level
is over 0.5 m higher than it is in summer. In the central region where there is no daily tide, this is therefore the only
true tide. The change from winter to summer sea-level occurs fairly abruptly, over less than a month both in the
spring and early winter. The mechanism causing this seasonal change is partly due to the greater evaporation in
the summer, but is mainly the result of wind driven currents in the entrance to the Red Sea. The surface current
in the Bab el Mandeb flows into the Red Sea in winter, and out of the Red Sea in summer, and this appears to be
the balancing factor determining the seasonal rise and fall (Sheppard et al 1992) (Figure 16).
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Exceptional wind conditions have unusually important effects on Red Sea reef growth and distribution. While
the overall level of winds is low compared with many coral sea areas, the summer breezes are commonly strong
enough to lead to exposure of reefs. The coral mortality arising from this is such that reef growth is arrested at a
level which appears to be slightly lower than might be expected from the position of mean low water.

Winter winds may also have considerable consequences. Morley (1975) describes water temperatures as low
as 14.7°C in January 1973 in Jeddah, which lasted several days following a period of low air temperatures. At the
end of this period, warmer winds and rapid mixing caused a rapid temperature increase to 25°C, leading to
massive mortalities. Similarly, in the Gulf of Suez, cold winds cause local severe temperature depressions with
consequent local mortalities, which also limits reef development.

Nutrient levels in the Red Sea (Weikert 1987) are generally low, which favours coral reef growth, though it is
markedly higher in the southern part, as noted above. Dissolved oxygen is always near to, or above, saturation,
in all parts.

4. REEF TYPES AND DISTRIBUTION

Misunderstanding still pervades the literature in connection with the types of reefs in the Red Sea, and their
distribution. In part, this is because very few people have studied more than small sections of it, and many citations
are perpetuated of earlier work which was incorrect. The most notorious example of this is the often repeated
statement that fringing reefs line both banks of the Red Sea for its entire length, whereas in reality this is true only
for the northern half. Further south, the different, highly sedimentary regime mostly excludes any reefs, especially
fringing reefs. The south is more a province for soft substrate, mangroves and seagrass beds with occasional reefs
in locations which are favourable to corals. A description of reef distribution is fundamental to understanding
many aspects of their geology, and the following description of Red Sea reef distribution is taken from Sheppard
et al (1992).

4.1 RED SEA REEF DISTRIBUTION
Northern Gulfs

The most northerly reefs of the entire Indian Ocean are those near Suez. This Gulf is shallow and sedimented,
and is not part of the main, deep Red Sea rift system. On the eastern shore, the most northerly reefs include small
coral patches with elevations of 1-3 m, lying on calcareous sandy and silty substrate from 1 to 5 m deep. They
experience winter temperatures as low as 18°C and salinity as high as 41 ppt. The latter factor is not especially
limiting to coral or reef growth, so the main constraint on coral reef development probably comes from
exceptionally low winter temperatures, and especially from high sedimentation. The morphology of the corals
dominating these reefs supports this view, being composed of stagshorn Acropora and an unusual form of
similarly-branching Stylophora, both of which have ideal shapes for passively rejecting sediment in low energy
conditions.

Reefs on the western coast of the Gulf of Suez are better developed in general than those on the east. This
is particularly so in the far north where relatively well-developed fringing reefs exist to within 50 km of Suez.
This marks the beginning of a long stretch of fringing reef running southward. At Ein Sukhna, the reef-flat extends
30-40m offshore and is followed by a gentle slope to a sandy bottom at 4-5m deep. The outer slope supports
flourishing coral growth with up to 15 genera present. Communities are dominated by Porites, Acropora and
Stylophora. Only patch reefs lying offshore are found at the same latitude on the eastern side, such as at Ras Sudr
which itself is a small promontory projecting away from highly mobile beaches.

Extensive reefs first appear in the southern Gulf of Suez, both on Sinai and around the Ashrafi islands on the
African shore. This region lies at the point where the northerly surface flow of Red Sea water dips under to return
southward at depth and, being shallow, has extensive illuminated substrate, something which is greatly limiting
in most of the northern Red Sea. As a consequence, the reefs here form some of the largest of all northern Red Sea
reef complexes.






















































