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Seasonal rainfall in the Sinai
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Quaternary inferred from
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SKELETAL bands of alternating high and low density in massive
coral species have been used to record their growth history'>. In
the Red Sea, living colonies of the genus Porites deposit low-density
skeletal bands during summer and high-density bands during
winter’. Additionally, yellow-green fluorescence can sometimes be
seen in these massive corals, imparted to them by the incorporation
of humic material carried by coastal runoff’. Annual banding of
fluorescent sequences in living scleractinian corals has proved to
be useful in the study of terrestrial runoff in the near-shore
environment . Here we report the finding of similar yellow-green
fluorescent bands in fossil Porites from late Quaternary reef
terraces in southern Sinai, which are absent from living Porites
in the nearby fringing reefs. The periodic sequences of the fluoresc-
ing humics were found to be superimposed on the low-density
sub-bands of the fossil corals. We interpret our observations as
evidence that, during the late Quaternary reef-forming peaks, the
climate was wetter than the extreme desert conditions now prevail-
ing, with a possible summer rainfall regime.

The coastline along the Gulf of Eilat and the southern Sinai
Peninsula is fringed by a narrow belt of modern coral reefs™*
(Fig. 1a,b). A well preserved belt of three elevated fossil-reef
terraces, up to 35 m above mean sea level, stretches along the
coast of southern Sinai” (Fig. 1¢). Samples were dated as follows:
the Upper Terrace (labelled 1 in Fig. 1¢) as older than 250 kyr
(1 kyr=1000 years); the Middle Terrace (II) as ~140-200 kyr
the Lower Terrace (111) as 108-140 kyr; and the modern offshore
fringing reef (IV) as 10,000 years and younger'®"'>. These ter-
races were formed during periods of late Quaternary high-stand
sea levels (G.G., J. Kronfeld and B. Buchbinder, manuscript in
preparation).

Of 26 samples of the fossil Porites collected from the three
elevated coral terraces, 22 samples showed degrees of fluorescent
banding when sections were irradiated with long-wave
(~360 nm) ultraviolet light. A comparable number of living
Porites from the modern reef did not have distinct fluorescent
banding.

High-performance liquid chromatography analysis' (Table
1) indicated that the source of fluorescence was humic acid that
had been incorporated into the coral skeleton, as already found
in in-shore corals from the Great Barrier Reef of Australia®.
Fluorometric analysis of the fossil corals showed that the emitted
light spectrum of a solid coral skeletal sample had the broad-
band shape characteristic of organic luminescence, rather than
the sharp bands associated with purely inorganic luminescence.
These results indicate that the luminescence of fossil corals is
governed by the humic acid in the coral skeletal matter.

Fossil corals exhibiting the best fluorescent banding sequences
were selected for detailed analysis and compared with a ran-
domly selected coral from the modern reef (Table 1). Quantita-
tive analysis of humic acid by HPLC (Table 1) showed that the
fluorescent bands of the fossil coral samples (labelled Fos4 and
1389) were richer in humic acid than the adjacent non-fluores-
cent bands. This contrasted with a living coral (labelled S21)
that had only low levels of incorporated humic acid (Table 1).
Results for individual fluorescent and non-fluorescent bands of

FIG. 1 Location map of a the Red Sea; b, the Guif of Eilat and its belt of
fringing reefs; and ¢, a cross-section of the elevated late Quaternary fossil
reefs, along the coastal belt in Marsa Mureikha. The reefs form morphological
terraces labelled I-1V, from the oldest to the youngest, respectively. BR,
beach rock; DD, depositional dips; RF, reef flat; RT, reef talus; SL, sea level:
SS, sandstone substrate; UC, fossil shoreline undercut (modified after ref.
12). W, west; E, east.

the fossil coral Fos4 are illustrated in Fig. 2.

Most of the fossil corals that we investigated were phos-
phorescent. After irradiation with ultraviolet light, fossil corals
glowed for tens of seconds, which is far longer than the modern
corals. We examined the crystal fabric of a phosphorescent and
non-phosphorescent fossil coral, and found rhombs of low-Mg
calcite present in the pores of the phosphorescent coral (Table
1). The trace-element record supports this finding in that there
are low amounts of magnesium in the inner part of the phos-
phorescent coral, which are not detected in the non-phosphores-
cent coral. The mineral composition of the corals by X-ray
diffractometry (Table 1) indicates that the fossil corals under-
went only initial stages of diagenesis, in which 85-90% of the
aragonite was not replaced. Sample Fos4 underwent initial void-
filling of low-Mg calcite, whereas sample 1389 had initial
replacement of the aragonitic skeleton. The Sr content, from
direct-current plasma spectometry (Table 1), reconfirms our
assertion that the fossil corals were not significantly affected by
diagenesis, because the Sr content (in the range of 6,900-

7,800 wg g ') is still typical of aragonitic corals'*'*, These results
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independent phenomena: (1) fluorescent bands exist as a tunc-
tion of periodic events during the life of the corals, irrespective
of later events; and (2) phosphorescence is attributable to events

after the death of the corals, probably as a consequence of

deposition of low-Mg calcite in the coral voids.

We attribute the increased concentrations of the terrestrially
derived humic compounds in the fossil coral samples to the late
Quaternary runoffs. The terrestrially derived fluorescence over-
lies a faint blue background fluorescence throughout the coral,
probably as a result of the incorporation of marine humic acid”
and terrestrial residuals of the wet season humics (M.S., K. G.
Boto and P. J. Isdale, manuscript in preparation). This explains
the relatively high humic acid concentrations characterizing the
non-fluorescent bands of the fossil corals (Table 1). Both the
Sinai fossil corals and modern inshore Great Barrier Reef corals
contain similar concentrations of humic acid in the non-fluores-
cent regions, but these concentrations are an order of magnitude
greater than the humic acid concentrations in modern Sinai

corals from the hving reet of the Gull ol Eilat showed that wiae
low-density bands were deposited during summer, and narrow
high-density bands during winter'. The fossil corals have a
similar density-banding pattern (wide low-density and narrow
high-density bands). Assuming unchanged seasonal deposition
of bands, the fluorescent bands in the fossil corals therefore
correspond to summer events.

Our findings indicate that during the time of reef growth and
high-stand sea levels, a wet climate, possibly with a summer
rainfall regime, probably prevailed in the Sinai, in contrast to
the present extremely dry conditions (with rare precipitation
during winter). Most of the palaeoclimate evidence known for
Israel and the Sinai regions extends to the periods of the
Holocene and the last Glacial. The existence of a series of
palaeosols in the present-day desert region of southern Israel
(the northern Negev Desert) indicates that there were wetter
climates corresponding to the global warmer periods of the last
Glacial """, Pollen spectra and the isotopic composition of fossil



