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Abstract 

Changes in mixed, intermediate and deep water masses were investigated, as well as changes 
in the bottom conditions within different depth ranges, in order to reconstruct a more complete 
paleoceanographic picture for the Late Holocene. Four multi-corers were taken along a west-east 
transect from the central Red Sea by the German RIV "Meteor" at water depths of 366, 579, 929 
and 1782 m. The cores were situated south of the present-day monsoonal border (convergence 
zone) and represent intermediate and deep water masses. One was taken from the oxygen 
minimum zone (OMZ), another from the margin of the OMZ and two from deeper and more 
oxygenated water. 

A high resolution record was obtained by sampling at very close intervals (every 2 cm). 
Samples were soaked, washed, sieved, dried, split and counted in order to study the fossil 
assemblages of planktic and benthic foraminifera as well as pteropods. The cores were correlated 
to the dated maximum abundance of the mesopelagic pteropod Limacina bulimoides (-4200 
years before present [BP]) observed earlier at other Red Sea locations. This abundance peak 
was not recognized in the shallowest core (MC88, 366 m) and, therefore, could not be correlated 
with the other three. An average accumulation rate of -5 cmllOOO years was estimated for the 
three correlated cores; thus, an age of -6400 years BP was assessed for the longest core 
sequence. 

Changes found in the abundance and assemblage composition of the planktic groups (in the 
three deeper cores) reflect variations in the mixed layer and intermediate water column 
properties. These enabled an ecostratigraphic division into six zones and a paleoceanographic 
reconstruction of the past -6000 years. The most prominent downcore changes were attributed 
to fluctuations in the relative abundance of the epipelagic planktic foraminifera Globigerinoides 
ruber vs. that of the deeper dweller G. sacculifer. Changes in stratification of the water column 
and position of the OMZ, and in the relationship between the depth of the pycnocline and that of 
the photic zone, probably influenced the optimal reproduction conditions required for G. 
sacculifer. 

The G. ruber vs. G. sacculifer cycle and the frequency and presence/absence pattern of L. 
bulimoides are clearly correlated from -5300 to -2400 years BP. This relationship supports a 
stronger stratification of the water column in the past 3000 years, as compared to the period 
between -5300-3000 years BP, especially between -3000-2700 years BP. This probably reflects 
climatic fluctuations which strongly affected the northern area of the Red Sea, producing sinking 
of denser waters to intermediate depths at a time of a more arid climate regime (between -5300-
3000 years BP). 

The data concerning the benthic foraminifera distinguishes between three lateral assemblages: 
The OMZ , OMZ transitional and deeper more aerated assemblage. The organic matter flux and 
its state of preservation, together with the dissolved oxygen levels in the bottom water and 
sediment pore water, influence the distribution and abundance pattern of the specific benthic 
assemblage. The dominant species comprising the OMZ assemblage are the infaunal Bolivina, 
Bulimina and Globocassidulina; those comprising the OMZ transitional assemblage, the 
epifaunal to shallow infaunal species of Neouvigerina and Cibicides; and those comprising the 
deeper more aerated assemblage, the epifaunal to shallow infaunal species of Miliolidae, 
Hanzawaia, Astrononion and Glomospira. 

The total organic carbon, calcium carbonate, >63 Ilm size fraction and benthic foraminifera 
assemblage did not change significantly downcore in each of the different cores. These 
observations indicate that, in general, the deep water body did not undergo major changes during 
the past -6000 years, this in contrast to the more significant changes detected in the mixed layer 
and intermediate waters, as reflected by the changes observed in the planktic assemblages. 
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1 - Introduction 

1.1 Geological background 

The Red Sea is a long (2000 km), narrow (average, 280 km) and deep (maximum, 2900 m) 
marginal sea situated between latitudes 12°30'N - 300N and separating Africa from Asia. The 
Red Sea was created about 25 m.y ago as part of the Syrian-African rift (Braithwaite, 1987). The 
relatively young tectonics created both the bathymetry and the steep slopes. 

The Red Sea is an ocean in creation, with a mid-oceanic ridge. It is separated from the Gulf of 
Aden by a topographic barrier (oceanographic sill) 137m deep at the Bab-EI-Mandeb straits 
(Locke and Thunell, 1988). There are two gulfs in the north Red Sea: in the northwest the 
shallow Gulf of Suez (90m deep) and in the north the deep, narrow Gulf of Elat (l830m deep) 
which is separated from the Red Sea by a barrier 252m deep at the Straits ofTiran. This latter 
gulfis part of the Dead Sea rift-system (Braithwaite, 1987). 

1.2 Climatic settings 

The climate in the Red Sea area is arid. Precipitation north of20oN is 10-25 mm/year, while 
south of 20oN, during the south-western monsoon, precipitation can be as high as 500 mm/year 
(Edwards, 1987). Runoff of water into the Red Sea is very scarce and originates from flash 
floods through large wadies. Very high air temperatures, (which can reach 50°C during summer), 
very high solar radiation and, during most of the year, low cloudiness are characteristic of the 
area. Changes in wind direction in the southern Red Sea are according to seasonal and 
monsoonal vector changes. The border of the northern and southern wind collision is at 200N 
which is also the location of the downwelling. As a result of the hot and arid climate, evaporation 
is very high, about 2-3 m per year (patzert, 1972~ Edwards, 1987). 

1.3 The hydrography and circulation pattern 

The circulation-regime in the Red Sea is dominated by the winds, evaporation and the monsoon 
system. During the winter, the deep water flow is southward while the surface water flows from 
the Gulf of Aden northward against the northernly wind and undergoes cooling (as a result of 
evaporation) with salinity increase. During summer the circulation pattern is more complex and 
includes a surface water mass which flows southward from the Red Sea towards the Gulf of 
Aden (parallel to the wind direction). Beneath this mass there is an undercurrent entering from 
the Gulf of Aden into the Red Sea while at depth, the deep waters flow southward. Thus a three­
layered circulation is produced. The deep waters form as a result of heavy Gulf of Suez waters 
which sink during the winter to great depths of the Red Sea. The origin of the intermediate 
waters is from dense, saline waters of the Gulf of Elat and cooled waters from the northern Red 
Sea which sink and flow southwards (patzert, 1972; Cember, 1988). The surface waters of the 
Gulf of Aden enter the Red Sea with a temperature and salinity of 30°C and 36.5%0, respectively. 
As they flow north they evaporate, undergo cooling and increase in salinity, and reach 
temperatures and salinity of22-26°C and 40.5%0, respectively. The deep water body, with a 
stable and constant temperature and salinity of21.5°C and 40.6%0, respectively, exists beneath 
the relatively warm and less saline top (lOOm) water mass (patzert, 1972). 
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The surface waters of the Red Sea are close to oxygen saturation levels -4.5 m1 02II. At a depth 
of 100-500 meters there is a prominent decrease in the oxygen content with a minimum 
concentration (at a depth of -500 m) of 1.5-1. 75 ml 0 211 in the north, decreasing towards the 
south to the level of 0.5 ml 0 211, at approximately 400 m. (Neumann and McGill, 1962). 
Ventilation of the intermediate and deep water masses is controlled by the rate of formation of 
deep waters in the Gulf of Suez, Gulf of Elat and the northern Red Sea itself, and by the 
residence time (estimated at 150-200 years). In addition, the oxygen content is controlled by the 
increasing consumption southwards (patzert, 1972; Cember, 1988 and ref within). This 
phenomenon is connected to the higher nutrient levels in the water flowing into the Red Sea from 
the Gulf of Aden (Weikert, 1987). 

1.4 Nutrient levels and water productivity 

Table 1: 

(Weikert, 1987) 

Nutrient salts in oceanic Red Sea water from different regions. Ranges of concentration reflect 
seasonal fluctuations (modified after Karbe and Lange, 1981). The depth of the surface layer 
(SL) corresponds to that of the euphotic zone. OM - depth range of minimum oxygen 
concentrations, DW - deep water. 

Nutrients Northern Red Sea Central Red Sea Southern Red Sea 
(J.mlolil) SL OM DW SL OM DW SL OM DW 

-EO 100m 400-500m >1000m -EO 100m 3S0-4S0m >l000m -E07Om 300-4OOm >l000m 

Phosphate 0.01~0.05 0.6- 0.8 0.2- 0.5 0.05-0.1 0.8- 1.1 0.6- 0.7 0.1 -0.3 0.9- 1.2 0.6- 0.8 
Nitrate 0.1 -0.4 lS.S-18.0 8.0-11.9 0.03-0.2 18.1-20.1 11.9-1S.0 0.03-0.2 18.9-22.1 14.0-18.2 
Silicate 0.2 -0.4 9.0-11.3 S.2- 8.0 0.3 -0.6 10.3-13.6 8.0-10.2 0.4 -0.7 13.6-16.5 10.2-15.5 

As seen in Table 1, the nutrient levels are very low, with lower levels in the north compared to 
the south, and in the top waters compared to the bottom waters. In general, the nutrient content 
defines the Red Sea as an oligotrophic sea. As a result of its oligotrophy the primary production 
is low as well. High values of chlorophyll-a are found usually at a depth of 50-100 meters, mostly 
because of photoinhibition in the clear top waters. The amount of phytoplankton changes 
throughout the year, but is usually low. The cause of the very deep light penetration is a 
combination of the low biomass, strong solar radiation, low cloudiness and the absence of 
significant amounts of suspended abiogenic matter, (Weikert, 1987). The quantitative levels of 
phytoplankton are larger in the southern Red Sea during the summer monsoon, when the waters 
flowing in from the Gulf of Aden, are very productive and have a high nutrient content of an 
upwelling water system. The amount of phytoplankton and the existance of the oxygen minimum 
zone, control the zooplankton assemblage. One of the factors causing this phenomenon are the 
high temperatures which cause oxidation of the organic matter at a very high rate. It is important 
to emphasize that the zooplankton biomass below 400 m is the lowest ever recorded in any sea 
(Weikert, 1987; Wishner, 1979). 

The thermocline and halo cline behave as barriers between the top and bottom water layers, thus 
preventing mixing of the deeper water column. Consequently, there is no return of nutrients to 
the euphotic zone, leading to very low productivity in the top mixed layer, as seen in Fig. 1 
(Weikert, 1987). 



Fig. 1. 

Profiles of dissolved 
oxygen (02), inorganic 
phosphate (P04)' silicate 
(Si04) and particulate 
organic matter (POM) 
at an oceanic station at the 
latitude of Gebel Tair, 
southern Red Sea (Original). 

1.5 Planktic foraminifera 
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The diversity of the planktic foraminifera is low (Almogi-Labin, 1984; Ivanova, 1985; 
Auras-Schudnagies et aI., 1989). The dominant genera are spinose and symbiont bearing. Other 
genera (non-spinose and symbiont lacking) which may have been transported as nekroplankton 
appear in very small quantities, mostly in the southern Red Sea (Almogi-Labin, 1984; Ivanova, 
1985; Kroon, 1988; Auras-Schudnagies et aI., 1989). The dominant species are mostly 
epipelagic feeding mostly on phytoplankton. The exception is Globigerinoides sacculifer which 
is a carnivore, feeding on copepods. Non-spinose and symbiont lacking species are known in the 
Red Sea mostly from deeper waters (mesopelagic and bathypelagic) with higher nutrient levels. 
These species are mostly herbivores (Hemleben et aI., 1989). 

In the northern Red Sea the dominant species is Globigerinoides sacculifer while in the southern 
part, it is Globigerinoides ruber (Auras-Schudnagies et aI., 1989). The reasons for this are not 
yet clear. The relationship between the species dominance and water salinity (Herman, 1968; 
Berggren and Boersma, 1969) is opposed to laboratory findings, that show the same salinity 
range and optimum for both species (Bijma et aI., 1990). The idea that temperature is the 
limiting factor is also not in agreement with laboratory findings (Bijma et al., 1990 and compare 
also Reiss et al., 1980). Species dominance, both in the water column and in the sediment, might 
be controlled by the fertility of the sea, feeding strategies and reproductive patterns. Thus the life 
cycle is bi-monthly in the upper waters for G. ruber and monthly for G. sacculifer, which is also 
seasonally affected (Almogi-Labin, 1984; Bijma, 1990; Erez et aI., 1991). 

1.6 Benthic foraminifera 

The benthic foraminiferal assemblages of the central Red Sea especially those of the deep waters 
were not investigated until recently (Scherbacher, 1994). On the other hand, Recent northern Red 
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Sea and Gulg of Suez benthic foraminifera were studied by Said (1949, 1950) and a more 
detailed study in the Gulf of Elat was represented by Hottinger and others (1993 with ref). 

1. 7 Pteropods 

The Red Sea pteropod assemblage is of low diversity, consisting of shallow, epipelagic and 
deeper mesopelagic species, but lacking bathypelagic ones (Almogi-Labin, 1984). The 
assemblage is dominated by the migratory mesopelagic species, Limacina inflata and Clio 
convexa. The pteropod distribution is controlled mainly by the presence of the oxygen minimum 
zone, which in turn, controls the vertical distribution of the mesopelagic species. Limacina 
inflata reaches a depth of 400 meters and Clio convexa reaches depths of up to 700 meters 
(Weikert, 1987). The epipelagic species live in the 50-100 top meters and do not migrate. The 
epipelagic species compose less than 20% of the assemblage and are dominated by Creseis 
acicu/a, Creseis virgu/a virgu/a and Limacina trochiformis. The species diversity is highest in 
the Gulf of Aden, less in the Red Sea and the lowest in the Gulf of Elat. The pteropods of the 
Red Sea are herbivores and therefore are controlled by the relative abundance of the primary 
producers (Weikert, 1987). 

It is important to emphasize, that despite the great depths of the Red Sea and the Gulf of Elat, 
the pteropods are very well preserved in Recent sediments, probably due to carbonate super­
saturation (Herman, 1968; Almogi-Labin, 1982; Krumgalz and Erez, 1984; Ivanova, 1985; 
Almogi-Labin et al., 1991). The well preserved aragonitic pteropods together with the well 
preserved low Mg-calcite foraminifera and the low Mg-calcite tests of coccoliths, form the 
carbonate ooze of the Recent sediments in the Red Sea. The living pteropod population is well 
reflected in the composition of the pteropod assemblage in the sediment (Almogi-Labin, 1984; 
Auras-Schudnagies et al., 1989). 

1.8 Previous paleoceanographic studies and purpose of the present study 

Paleoceanographic reconstructions of the Red Sea based mainly on fossil foraminifera, pteropods 
and coccolithophorids, as well as stable oxygen and carbon isotopes from core material were 
published by various authors (Herman, 1968; Berggren and Boersma, 1969; Chen, 1969; Deuser 
and Degens, 1969; Reiss et al., 1980; Halicz and Reiss, 1981; Almogi-Labin, 1982; Ivanova, 
1985; Locke and Thunell, 1988; Auras-Schudnagies et al., 1989; Almogi-Labin et al., 1991 and 
more). However, information available on the Late Holocene (i.e. younger than 4000 years) is 
extremely scarce, perticularly because oflack of high resolution studies. Moreover, studies on 
living populations offoraminifera (mainly planktic ones) and of pteropods, were carried out only 
fairly recently (Almogi-Labin, 1984; Brummer and Kroon, 1988; Auras-Schudnagies et al., 1989; 
Bijma et aI., 1990). 

Detailed taxonomic studies on Red Sea planktic and benthic foraminifera necessary for assessing 
the paleoceanographic significance of these important sediment constituents, were published only 
a very short while ago (Hottinger et al., 1993). 

Finaly, information on living and dead benthic foraminifera in the top 5cm from short cores in the 
central Red Sea became lately available (Scherbacher, 1994). 

For these reasons it seemed appropriate and feasible to attempt a reconstruction of the Late 
Holocene in the Red Sea based on foraminifera and pteropods from the same short cores 
examined. 
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2 -Material and methods 

Four multicores were taken by the RIV "Meteor" (material provided by Prof. Ch. Hemleben 
from Tiibingen University) in the central Red Sea between latitude 19"N and 20oN, at different 
water depths (366m; 579m; 929m and 1782m) on a W-E transect (Fig. 2). 
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Fig. 2. Location map. The four selected mu1ticores were taken from the following stations (in a 
W-E transect): MC88 - station 133; MC98 - station 147; MC93 - station 142; MC91 - station 
138. 
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Table 2 Core data: 

MCno. Station Water Location Multicore No. 

depth length samples 

88 133 366m 3 7°1S,2 'E/19°3 7,2'N 30cm 12 

98 147 S79m 37°31,TEI19°43,O'N 32.S cm 14 

93 142 929m 38°12,6'EI19°S9,2'N 30cm 13 

91 138 1782 m 38°27,8'E/19°S4,O'N 32cm 13 

Locations were chosen in order to examine Holocene sediments within, at the margin and below 
the oxygen minimum, as well as from the deepest water mass. 

A total of 52 samples were analyzed in order to investigate a closely sampled record contained in 
these short (about 30cm) deep-sea cores covering the last few thousand years. Core samples 
taken at 2cm intervals were soaked, washed with tap water through a 63 J.lm sieve, oven-dried at 
SO°C and dry-sieved to obtain two fractions, 63-1491lm and> 1491lm. The samples were split 
with a Von Daniels splitter in order to obtain aliquots which contain ~300 specimens of planktic 
and benthic foraminifera each and ~300 specimens of pteropods. All these specimens were 
identified and counted under a binocular stereoscopic microscope. Planktic foraminifera and 
pteropods were studied in the> 1491lm size fraction. In addition the samples were dry-sieved 
through a lOOllm sieve and the benthic foraminifera were studied in this size fraction. This in 
order to allow a comparison between this data and that of a contemporaneous study by German 
colleagues (Prof Ch. Hemleben and Ms. M. Scherbacher, University ofTiibingen) on the top 
Scm of the same core set. 

The taxonomy of the foraminifera is based mainly on the Atlas of Recent Foraminiferida from the 
Gulf of Aqaba, Red Sea (Hottinger et aI., 1993). The identification of the pteropods is based on 
Almogi-Labin and Reiss (1977) and on Almogi-Labin (1982). Problematic specimens were 
investigated under the SEM in order to determine their final identification. 

The absolute and relative abundance of the pteropods and foraminifera found in the four cores 
was documented. Species composing less than 1% of the assemblage were grouped under 
"others" . 

The plankticlbenthic foraminiferal ratio is given for each core in the size fraction> 149Jlm 
(calculated as the percent of planktic/planktic + benthic). 

The relative abundance of the mesopelagic species was studied in the same size fraction and 
represent the sum of the mesopelagic species out of the total pteropod assemblage. 
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3 -Results 

The following species were identified: 

3.1 Foraminifera 

Planktic species 

Globigerina bulloides d'Orbigny 

Globigerina calida Parker 

Globigerinella siphonifera (d ' Orbigny) 

Globigerinita glutinata (Egger) 

Globigerinoides ruber (d ' Orbigny) 

Globigerinoides sacculifer (Brady) 

Globoturborotalita rubescens (Hofker) 

Hastigerina pelagica (d'Orbigny) 

Orbulina universa d'Orbigny 

Orbulina sp. ("smail") 

Turborotalita clarkei (Rogi and Bolli) 

Gallitellia vivans (Cushman) 

Benthic species 

A bditodentrix rhomboidalis (Millett) 

Alliatinella panayensis (McCulloch) 

Ammobaculites? sp. (in Hottinger et aI., 1993) 

Ammodiscus flavians Hoglund 

Amphistegina radiata (Fichtel and Moll) 

Angulogerina angulosa (Williamson) 

Anomalinulla glabra (Cushman) 

Articulina pacifica Cushman 

Assilina ammonoides (Gronovius) 

Astacolus sp. A (in Hottinger et aI., 1993) 

Asterorotalia sp. 

Astrononion sp. A (Cushman and Edwards) 

Bolivina persiensis Lutze 

Bolivina variabilis (Williamson) 



Bolivinellina cf pescicula Saidova 

Brizalina striatula (Cushman) 

Brizalina subspathulata (Boomgaart) 

Bulimina elongata d'Orbigny 

Bulimina marginata d' Orbigny 

Bulimina striata (d'Orbigny) 

Cancris auriculus (Fitchel and Moll) 

Caribeanella elatensis Perelis and Reiss 

Cassidelina? makiyama (Ishizaki) 

Cassidelina spinescens (Cushman) 

Challengerella bradyi Billman et ai. 

Cibicides mabahethi Said 

Cibicides sp. A (in Hottinger et aI., 1993) 

Cibicides tabaensis Perelis and Reiss 

Discorbinella? sp. 

Discorbinella bertheloti (d'Orbigny) 

Discorbinella rhodiensis (Terguem) 

Ehrenbergina compressa de Montfort 

Elphidium sp. 

Epistominella sp. 

Eponides pusillus Parr 

Evolvocassidulina sp. 

Fissurina sp. 

Floresina sp. A (in Hottinger et aI., 1993) 

Fursenkoina sp. A (in Hottinger et aI., 1993) 

Globocassidelina oriangulata Belford 

Globocassidulina sp. 

Glomospira charoides Jones and Parker 

Glandulina group ofG. laevigata d'Orbigny 

Gyroidinoides cf soldanii (d'Orbigny) 

Hanzawaia sp. A Asano 

Haplophragmoides bradyi (Robertson) 
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Heterolepa cf subhaidingerii (Parr) (probably identified as Cibicidoides 

pseudoungerianus by Scherbacher, 1994). 

Heterolepa? sp. A 



Hyalinea balthica (Schroeter) 

Lagenaspp. 

Lagenammina sp. 

Lamarckina ventricosa (Brady) 

Lenticulina spp. 

9 

Loxostomina limbata (Brady) costulata (Cushman) 

Loxostomina spp. 

Miliolidae div. 

Neocorbina marginata Hofker 

Neoeponides bradyi (Le CaIvez) 

Neorotalia sp. 

Neouvigerina ampullacea (Brady) 

Neouvigerina interrupta (Brady) 

Neouvigerina porrecta (Brady) 

Neouvigerina porrecta (Brady) subsp. A (in Hottinger et aI., 1993) 

Nodophthalmidium antillarum (Cushman) 

Nonionsp. 

Patellinella sp. 

Pattelina corrugata Williamson 

Paracassidulina neocarinata (Thalmann) 

Plotnikovina cf aequa (Cushman) 

Porosononion sp. B (in Hottinger et aI., 1993) 

"Psammosphaera" spp. 

Pseudoeponides falsobeccarii Rouvillois (probably identified as Ammonia sp. 1 by 

Scherbacher, 1994) 

Pseudononion grateloupi (d'Orbigny) 

Pyramidulina catesbyi (d' Orbigny) 

Pyrgospp. 

Reophax spp. 

Reussella sp. 

Robertinoides bradyi (Cushman and Parker) 

Rosalina spp. 

Rosalina? suezensis (Said) 

Rotorbinella cf lepida McCulloch 

Sahulia kerimbaensis (Said) 



Siphonaperta horrida (Cushman) 

Siphonina tubulosa Cushman 

Siphotextularia heterostoma (Fomasini) 

Spirillina spp. 

Spirophthalmidium sp. 

Spirotextularia floridana (Cushman) 

Svratkina acuta (Sidebottom) 

Textularia cushmani Said 

Tretomphalus spp. 

Trochammina sp. 

Valvobifarina mackinnonii (Millett) 

Vertebralina striata d'Orbigny 

Vonkleinsmidoides McCulloch 

3.2 Pteropoda 

Cavolinia sp. Guvenile shells) 

Cavolinia longirostris (de Blainville) 

Cavolinia uncinata (Rang) 

Clio convexa (Boas) 

Creseis acicula (Rang) 

Creseis chierchiae (Boas) 

Creseis virgula virgula (Rang) 

Diacria quadridentata (de Blainville) 

Hyalocylis striata (Rang) 

Limacina bulimoides (d'Orbigny) 

Limacina inflata (d' Orbigny) 

Limacina trochiformis (d ' Orbigny) 

Peraclis reticulata (d'Orbigny) 

10 
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4 - Ecological significance background 

4.1 Ecological significance of planktic foraminifera 

Globigerina bulloides 

A spinose symbiont-lacking, shallow mesopelagic species, living between 50-100 m in the 
northern Red Sea, but found also down to 400 m. It is strongly dependent upon food-levels and 
characterizes upwelling situations (Reiss et al., 1974; Almogi-Labin, 1984; Hemleben et aI., 
1989; Luz and Reiss, 1994, unpublished). 

Globigerina calida 

A spinose symbiont-bearing, shallow mesopelagic species, living between 50-100 m in the 
northern Red Sea. It is a warm-water, photic zone species. It is morphologically very closely 
related to G. siphonifera by its test morphology and spine structure (Reiss et al., 1974; Almogi­
Labin, 1984; Hemleben et al., 1989; Luz and Reiss, 1994, unpublished). 

Globigerinella siphoni(era 

A spinose symbiont-bearing, shallow mesopelagic species, living in the northern Red Sea, in the 
upper 100 m. G. siphonifera prefers a carnivorous diet, although it feeds on diatoms and 
phytoflagellates as well. A dominant species in the Gulf of Elat and northern Red Sea (along with 
G. ruber and G. sacculifer). It is frequent during the winter months in the northern Red Sea and 
at times of high productivity in the GulfofElat (Reiss et al., 1974; Almogi-Labin, 1984; 
Hemleben et al., 1989; Luz and Reiss, 1994, unpublished).G. siphonifera undergoes 
gametogenesis after sinking and loosing all its spines (Be and Anderson, 1976; Bijma et al., 
1990). 

Globigerinita glutinata 

A non-spinose, shallow water species, living in the northern Red Sea between 50-100 m. It is a 
cosmopolitan species and apparently tolerates a rather wide range of temperature and salinity. Its 
diet consists mainly of diatoms (Reiss et al., 1974; Almogi-Labin, 1984; Hemleben et al., 1989; 
Luz and Reiss, 1994, unpublished). 

Globigerinoides ruber 

A spinose dinoflagellate symbiont-bearing, epipelagic species (the shallowest one) living in the 
upper 50 m. G. ruber is an omnivore but feeds mostly on phytoplankton and has a bi-monthly 
life-cycle. Its salinity and temperature tolerance is 22-49 %0 and 13-32°C, respectively (Reiss et 
aI., 1974; Almogi-Labin, 1984; Hemleben et aI., 1989; Bijma et al., 1990; Luz and Reiss, 1994, 
unpublished). 

Together with G. sacculifer and G. siphonifera it is one of the dominant species in the Gulf of 
Elat, Red Sea and northeastern Arabian Sea. It is abundant in oligotrophic waters like gyre 
centers or the south-eastern Levantine Basin, on the other hand, G. ruber reaches higher 
frequencies than G. sacculifer in fertile waters according to Bijma et al. (1990). It is more 
abundant in the southern Red Sea and Gulf of Aden, than in the less fertile waters of the northern 
Red Sea and Gulf of Elat - where G. sacculifer dominates (Zobel, 1971; Kroon, 1988; Auras­
Schudnagies et al., 1989; Bijma et al., 1990). 
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Globigerinoides sacculifer 

A spinose dinoflagellate symbiont-bearing, epi to shallow mesopelagic species living between 50-
150 m (although, found at depth of300 m in the GulfofElat) mainly inhabiting the chlorophyll 
maximum. Adult G. sacculifer feed mostly on copepods, juveniles on phytoplankton. It exhibits a 
lunar reproductive cycle, undergoing gametogenesis after sinking and loosing ail its spines. Its 
salinity and temperature tolerance is 24-47 %0 and 14-31°C, respectively (Reiss et aI., 1974; Be 
and Anderson, 1976; Almogi-Labin, 1984; Hemleben et al., 1989; Bijma et aI., 1990; Erez et aI., 
1991; Bijma and Hemleben, 1994; Bijma et al., 1994; Luz and Reiss, 1994, unpublished). 

It is one of the dominant species in the Gulf of Elat, northern Red Sea and central and southern 
Arabian Sea (Zobel, 1971; Almogi-Labin, 1984; Kroon, 1988; Auras-Schudnagies et aI., 1989). 

Globoturborotalita rubescens 

A spinose, symbiont-lacking, epipelagic species, easily distinguished by its reddish pigment in its 
test (Reiss et al., 1974; Almogi-Labin, 1984; Hemleben et al., 1989; Luz and Reiss, 1994, 
unpublished). 

Hastigerina pelagica 

A spinose, deeper water species, living in low quantities in the Gulf of Elat, (Reiss et aI., 1974; 
Almogi-Labin, 1984). Shows a distinct lunar cycle (Hemleben et al., 1989). 

Orbulina universa 

A spinose dinoflagellate symbiont-bearing, shallow mesopelagic species, living between 50-100 m 
(although found as deep as 300 m, as well) in the northern Red Sea. High freqencies in surface 
waters of upwelling regions near continental margins have been reported. Adult 0. universa are 
carnivorous while juveniles are herbivorous. It exhibits a lunar reproductive cycle (Reiss et aI., 
1974; Almogi-Labin, 1984; Hemleben et al., 1989; Luz and Reiss, 1994, unpublished). 

Orbulina $p. ("small") 

A spinose dinoflagellate symbiont-bearing species. Very small in size, identified in the Gulf of 
Elat as well as in the eastern Arabian Sea (Zobel, 1971; Reiss et al., 1974). 

Turborotalita clarkei 

A very small « 1491lm, which was the size fraction under investigation in the present study) 
spinose species. It is extremely thickly calcified (Almogi-Labin, 1984; Hemleben et aI., 1989; 
Hottinger et al., 1993). 

Gallitellia vivans 

A small sized epipalagic species, found in the Indian Ocean associated with upwelling waters 
(Kroon and Nederbragt, 1988). 

4.2 Ecological significance of benthic foraminifera 

Ammodiscus spp. - shallow to intermediate infaunal 

Live specimens of this genus are most abundant in the sediment at 0-1.5 cm, but found up to 3.5 
cm deep (Mackensen and Douglas, 1989). 
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Astrononion sp. - shallow infaunal 

Recorded between 50-200 m, often displaced (Corliss and Chen, 1988). Moderate organic matter 
fluxes and moderately low O2 (suboxic indicators, 0.3-1.5 ml 0 211) are indicated by the common 
occurrence of Astrononion assemblages (Sjoerdsma and Van der Zwaan, 1992; Gooday, 1994; 
Kaiho, 1994). Found living in the central Red Sea at 0-3 cm and in the deepest MC91 (1782m), 
down to 5cm (Scherbacher, 1994). 

Bolivina spp. - infaunal 

Bolivina are omnivores (Keller Grtinig et al., in prep.). In general, Bolivinids characterize 
oxygen-poor (dysoxic indicators, 0.1-0.3 ml 0 211) environments with high organic carbon levels 
(Sjoerdsma and Van der Zwaan, 1992; Gupta, 1994; Kaiho, 1994). They are related to sluggish 
deep-water circulation (Gooday, 1994). B. persiensis is known in the Red Sea core tops living at 
0-2 cm depth (Scherbacher, 1994). 

Bulimina marginata - shallow infaunal 

This species is found at 0-2 cm sediment depth. It is a mud-dweller, omnivore, opportumstlc 
species, preferring sediments with high organic content and increased nutrient levels (Corliss and 
Chen, 1988; Jorissen, 1988; Corliss, 1991; McCorkle et aI., 1990; Van der Zwaan and Jorissen, 
1991; Keller Grtinig et al., in prep.). Occupies a wide depth interval of 50-1 200m. It is abundant 
in low oxygen environments irrespective of depth (Reiss et aI., 1984). Recent low oxygen 
environments with high food-availability are dominated by this and other Bulimina species. In the 
central Red Sea, Bulimina marginata was found living in the topmost cm (Scherbacher, 1994). 

Cancris auriculus - epifaunal 

Only moderately tolerant to oxygen deficiency (Van der Zwaan and Jorissen, 1991). Found in 
core samples from the northern Red Sea at depth of 30-200m (Said, 1949). 

Cibicides mabahethi - epi to infaunal 

Scherbacher (1994) records C. mabahethi living down to 5 cm depth in the shallow core and 
down to 3 cm in the OMZ margin. It was found mainly in the top 1 cm in the sediment. This 
species is found at 512 m in core samples in the northern Red Sea (Said, 1949). 

Cibicidoides - epi to shallow infaunal 

Found living in the top 1 cm (McCorkle et al., 1990), between oxygen levels of 1.3-6.0 ml 0 2/1 
hence, an oxic indicator (Kaiho, 1994). 

Discorbinella rhodiensis - epifaunal 

Abundant mostly at depth less than 300 m, but found also much deeper (Jorissen, 1988). 
Scherbacher (1994) records only D. berthelothi living down to 5cm depth and only in the shallow 
cores, thus indicating this species is infaunal. This record refers probably to the same species as 
our D. rhodiensis. 

Elphidium - epifaunal 

Usually abundant close to the seashore, mostly 0-75 m (Jorissen, 1988; Van der Zwaan and 
J oris sen, 1991), apparently transported in our material. 

Fursenkoina - infaunal 

Highly indicative of increased organic content and low levels of oxygen (Van der Zwaan and 
Jorissen, 1991). This genus is a dysoxic indicator (Kaiho, 1994). 
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Globocassidulina 

Found at 1-5 cm in the central Red Sea sediments (Scherbacher, 1994). 

Glomospira charoides - infaunal 

Occurs in maximum abundance in the top 2 cm, but found living up to 3.5 cm deep (Mackensen 
and Douglas, 1989). Found living at 1-4 cm in the central Red Sea (Scherbacher, 1994). A deep 
water species, found in surface sediment samples in the southern ocean at 1000-2300 m depth 
(Lindenberg and Auras, 1984) and down to 6000m in the Pacific (Berggren and Kaminski, 1990). 

Gyroidinoides cf. soldanii - epifaunal (Corliss and Chen, 1988). 

A suboxic indicator (Kaiho, 1994). Found living in the central Red Sea at depth up to 2 cm, thus 
indicating that this species is shallow infaunal (Scherbacher, 1994). Appears at depths of 200m in 
the northern Red Sea (Said, 1950). 

Hanzawaia - epi to shallow infaunal 

A deep water species (Keller Gronig et al., in prep.). Found living at 0-2 cm in the central Red 
Sea (Scherbacher, 1994). 

Haplophragmoides bradyi - infaunal 

Live specimens occur in maximum abundance in the uppermost 2 cm (Mackensen and Douglas, 
1989). 

Heterolepa - epi to infaunal (probably = C. pseudoungerianus in Scherbacher, 1994). 

Abundant in sediment depth of 1.5 cm, occuring at bathyal depth (Corliss, 1985, 1991; Corliss 
and Chen, 1988). Found living in the central Red Sea at sediment depth up to 5 cm, thus 
indicating that this species is infaunal (Scherbacher, 1994). 

Lagena - epifaunal 

A sub oxic indicator (Kaiho, 1994). Found living in the central Red Sea at depth ofO-0.5cm 
(Scherbacher, 1994). 

Lenticulina - epifaunal 

A suboxic indicator (Kaiho, 1994) and found in organic rich sediments (Hermelin, 1992). 

Miliolidae 

Widely distributed, but usually abundant in high salinity environments (Reiss et al., 1984; Corliss, 
1985, 1991; McCorkle et al., 1990). Large thick-walled miliolids are oxic indicators (Kaiho, 
1994), others may be infaunal. 

Neouvigerina ampul/acea 

Neouvigerina ampul/acea (= Uvigerina auberlana in Sjoerdsma and Van der Zwaan, 1992). 

Abundant in high oxygen levels and moderate total organic carbon levels. Neouvigerina 
ampul/acea is found living at 0-4 cm in the central Red Sea, thus indicating it is infaunal. N. 
porrecta was found down to 5 cm in the sediment (Scherbacher, 1994). In the Gulf of Aqaba, 
found at depth of 125m (Hottinger et al., 1993) and in the northern Red Sea, between 300-700m 
(Said, 1950). 

Nodosaridae - (pyramidulina) 

Prefer well oxygenated bottom conditions (Reiss et al., 1984). 
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Nonion - shallow to deep infaunal 

An omnivore, mud-dwelling genus (Corliss and Chen, 1988; Jorissen, 1988; McCorkle et aI., 
1990; Corliss, 1991; Keller Griinig et al., in prep.) and a suboxic indicator (Kaiho, 1994). 

Paracassidulina neocarinata - epi to infaunal 

Identified with Cassidulina, which is considered an opportunistic genus (Jorissen, 1988). 

Porosononion - infaunal 

Associated with mud-facies in deeper waters of 40-150 m (Corliss and Chen, 1988). In the Gulf 
of Aqaba, found at depth of7Sm (Hottingr et al., 1993). 

Pseudoeponides falsobeccarii - epifaunal 

Observed exclusively in the topmost cm with a high percent of organic carbon (Keller Griinig et 
al., in prep.). Found living in the central Red Sea at 0-1 cm and identified as Ammonia sp.} 
(Scherbacher, 1994). 

Rosalina? suezensis - epi to shallow infaunal 

Lives in the topmost cm (Keller Griinig et al., in prep.). Characterizes moderately low oxygen 
and organic carbon levels (Sjoerdsma and Van der Zwaan, 1992). 

Textularia - infaunal 

Found living at 0-5 cm in the central Red Sea (Scherbacher, 1994). It is recorded up to depths of 
more than 11 OOm (Said, 1950). 

Trochammina 

Widely distributed (Mackensen and Douglas, 1989). Found in core samples from the northern 
Red Sea at depth of80-433m (Said, 1949). 

The distribution of the benthic foraminifera in the cores is shown according to major taxa and 
their ecological significance as shown in Table 3. 

Table 3 Benthic foraminifera: 

#1 = Bulimina marginata, B. elongata. 

#2 = Bolivina persiensis, B. variabilis, Bolivinellina cf pescicula, Brizalina 

subspathulata, B. striatula. 

#3a = Gyroidinoides cf soldanii. 

#3b = Heterolepa, Heterolepa sp. A, Eponides pusillus, Vonkleinsmidoides. 

#4 = Neouvigerina ampullacea, N. interrupta, N. porrecta. 

#5 = Rosalina? suezensis. 

#6 = Fursenkoina sp. A. 

#7 = Tretomphaloid spp. 

#8 = Discorbinella rhodiensis. 

#9 = Cibicides tabaensis, C. mabahethi, Cibicides sp. A, Caribeanella elatensis. 
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#10 = Cancris auriculus. 

#11 = Miliolidae (Quinqueloculina, Triloculina, Pyrgo), Miliolina sp. 

Spirophthalmidium spp., Siphonaperta horrida, Vertebralina striata. 

#12m = Transported specimens (Assilina ammonoides, Asterorotalia sp., 

Challengerella bradyi, Elphidium sp.). 

#13 = Hanzawaia sp. A. 

#14 = Spirillina sp. 

#15 = Globocassidulina spp., Paracassidulina neocarinata. 

#16 = Astrononion sp. A, Nonion spp., Porosononion sp. B. 

#17a = Plotnikovina cf aequa, Sahulia kerimbaensis. 

#17b = Textularia cushmani. 

#18a = Robertinoides bradyi. 

#18b = Lamarckina ventricosa, Alliatinella panayensis. 

#19 = Lagena spp., group ofG. laevigata, Lenticulina spp. 

#20 = Pseudoeponides falsobeccarii. 

# "" = Glomospira sp., "Psammosphaera". 

Others = all the species that each constitute less than 1 % of the assemblage. 

4.3 Ecological significance of pteropods 

Cavolinia longirostris 

An epipelagic warm-water, cosmopolitan species with a herbivorous diet (Be and Gilmer, 1977; 
Almogi-Labin, 1984). 

Cavolinia uncinata 

Generally an epipelagic, herbivorous tropical species, at times with a diel migration pattern (Be 
and Gilmer, 1977; Almogi-Labin, 1984). 

Clio convexa 

A mesopelagic, herbivorous species was found in sediments from the Indo-Pacific region and 
found in the Red Sea and Gulf of Aden. Found living down to 600 m in the Gulf of Elat and 
down to 700 m in the Red Sea with highest abundance during the winter (Be and Gilmer, 1977; 
Almogi-Labin, 1982, 1984; Ivanova, 1985; Weikert, 1987). 

Creseis acicula 

A shallow epipelagic species. C. acicula has a herbivorous diet and is known to occur in seasonal 
dense swarms associated with high zooplankton productivity. It is a cosmopolitan species which 
withstands the highest salinities of all the pteropod species (Be and Gilmer, 1977; Almogi-Labin, 
1982, 1984). 
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Creseis chierchiae 

An epipelagic species, one of the shallowest, morphologically similar (in juvenile stages) to C. 
virgula virgula. (Almogi-Labin, 1982). 

Creseis virgula virgula 

An epipelagic tropical-subtropical species with a herbivorous diet. Abundant during summer time 
in the Gulf of Elat (Be and Gilmer, 1977; Almogi-Labin, 1984) 

Diacria quadridentata 

An epipelagic, herbivorous species at times with a diel migration pattern. Abundant during the 
fall season in the Gulf of Elat (Be and Gilmer, 1977; Almogi-Labin, 1984). 

Hyalocylis striata 

A tropical-subtropical species which reaches its greater abundance in areas of cooler and 
presumably richer waters. In the Gulf of Elat and northern most Red Sea it was found to be an 
epipelagic species (Be and Gilmer, 1977; Almogi-Labin, 1982). 

Limacina bulimoides 

A mesopelagic herbivorous, deep water, subtropical species with highest concentrations in the 
central water-masses of all oceans. Has a pronounced diel migration and is absent in the present­
day Gulf of Elat. Represents intermediate fertility of the waters (Be and Gilmer, 1977; Almogi­
Labin, 1982, 1984). 

Limacina inflata 

A meso pelagic mostly gyre center type, with a strong diel migration. A most common warm­
water cosmopolitan species with a herbivorous diet. Represents a lowering of water fertility 
(compared to L. bulimoides) and dominates during the spring and summer time, during the 
southwest monsoon in the Red Sea region. Found living down to 400 m in the Red Sea (Be and 
Gilmer, 1977; Almogi-Labin, 1982, 1984; Weikert, 1987). 

Limacina trochiformis 

An epipelagic, herbivorous species. Prefers upwelling regions, thus being an indicator of fertile 
waters. Exceptionally abundant during the fall season in the Gulf of Elat in the upper 100 m (Be 
and Gilmer, 1977; Almogi-Labin, 1982, 1984). 

Peraclis reticulata 

A mesopelagic, possibly carnivorous species with a strong diel migration most abundant during 
summer (Almogi-Labin, 1984). 

5 - Assemblage distribution in the cores 

5.1 Core MC 88 (366m) 

The lithology consists of alternating yellow-grey and green-brown calcareous mud. These 
sediments contain relatively high total organic carbon (TOe) of 0.7% (Fig. 3) and 50% 
carbonates (Fig. 4). 
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Ten species of pteropods were identified in this core. The relative abundance of the six major 
taxa (Fig. 5a) shows that the continuous occurrence of the common species, Limacina inflata 
( - 70%) followed by e. virgula virgula (-15%) and e. chierchiae (-10%) are the main 
constituents of the assemblage. Limacina inflata is by far the most abundant species (up to 270 
specimens/g sediment) followed by about 35 specimens each ofe. virgula virgula and e. 
chierchiae (Fig. 5b). The high percentage of L. inflata in the assemblage is emphasized in Fig. 5c 
where the high percentage of mesopelagic (-70%) pteropods is due to it alone, the percent of 
Clio convexa being negligible (-2%). The number ofspecimenslg dry sediment in different core 
samples ranged between 100 to 400. 

Twelve species of planktic foraminifera were identified in this core. The relative and total 
abundance of the seven major taxa (Figs. 6a,b) shows the continuous occurrence of the major 
species, Globigerinoides ruber (-35%) and G. sacculifer (-25%) followed by -15% of 
Globigerinita glutinata and Turborotalita clarkei each. The number of specimens/g dry sediment 
(Fig. 6b) was -80 for G. ruber, -60 for G. sacculifer and -30 for G. glutinata and T. clarkei 
each. The results summarized in Fig. 6b show a prominent shift of most of the species, with a 
large number of specimens/g dry sediment at 5-6 cm depth. Note the large percentage (-15%) of 
T. clarkei in this shallow core as opposed to the other deeper cores (2-3%). The data in Fig. 6c 
shows a relatively low planktonlbenthos (p/B) ratio (-60%) and a relatively low number of 
specimens/g dry sediment (-250). 

Sixty nine benthic foraminifera species were identified in this core, the highest assemblage 
diversity of the four cores. The relative and total abundance of the twenty-four major taxa (Figs. 
7a,b,c,8a,b) shows the continuous occurrence of the major genera, Bolivina-#2 (up to 32%), 
Miliolidae-#ll (up to 15%) and Astrononion-#16 (up to 12%) (Fig. 7a,b). The total abundance 
of the main species decreases, from up to 340 specimens of Bolivina-#2 and up to 140 of 
Miliolidae-#ll, to up to 120 specimens of Gyroidinoides-#3a (Fig. 8a,b). At the depth of 17cm, 
there is an increase in the relative and total abundance ofCibicides-#9. It should be noted that 
the relative abundance of Plotnikovina-#17a decreases from 7% in the upper part of the core (0-
5cm) to less than 1% downcore (Fig. 7c). 

Fig. 8c shows the total abundance of -130 benthic foraminiferal specimens/g dry sediment. 

5.2 Core MC 98 (579m) 

The lithology consists of alternating yellow-grey and green-brown calcareous mud. These 
sediments contain a relatively high TOe of -0.35% (Fig. 3) and -55% carbonate (Fig. 4). 

Ten species of pteropods were identified in this core. The relative abundance of the seven major 
taxa (Fig. 9a) show the continuous occurrence of the common species, Limacina inflata (-60%), 
followed by L. bulimoides (up to 25%), Clio convexa (-10%) and L. trochiformis (-8%) as the 
main constituents of the assemblage. Limacina inflata is by far the most abundant species (up to 
880 specimens/g dry sediment) followed by 280 specimenslg of L. bulimoides at its peak, -120 
specimens/g of e. convexa and -80 specimens/g of L. trochiformis (Fig. 9b). It should be noted 
that in the lower part of the core there is an increase of Creseis acicula and a parallel decrease of 
e. chierchiae. The important addition to the assemblage is the appearance of L. bulimoides (as 
well as Peraclis reticulata) which reaches its highest relative and total abundance at 23cm 
downcore. An opposing trend between L. trochiformis and L. bulimoides is observed, as well as 
opposing peaks between the latter and L. inflata (Figs. 9a,b). The abundance of the mesopelagic 
pteropods follows almost completely the trend of total number ofspecimenslg (-900). The 
increase (from 70-90%) of the mesopelagic pteropods is parallel to the increase of L. bulimoides 
(Fig.9c). 
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Twelve species of planktic foraminifera were identified in this core. The relative and total 
abundance of the seven major taxa (Figs. lOa,b) show the continuous occurrence of the major 
species, G. sacculifer (10-42%) and G. ruber (22-40%), followed by -20% ofG. glutinata and 
-15% of Globigerinella siphonifera. There is generally an opposite trend between G. ruber and 
G. sacculifer characterizing three cycles (Fig. lOa). The total number ofspecimens/g dry 
sediment (Fig. lOb) show 260-840 specimens/g dry sediment of G. ruber, 145-815 of G. 
siphonifera, and 135-470 ofG. glutinata and 80-460 ofG. sacculifer. A relatively high PIB ratio 
(>90%) and a relatively high number of specimens/g dry sediment (-1800) is shown in Fig. 10c. 

Sixty three benthic foraminifera species were identified, a slightly lower-diversity assemblage 
compared to MC 88. The relative and total abundance of the twenty-two major taxa (Figs. 
l1a,b,c,12a,b,c) shows the continuous occurrence of the major genera, Cibicides-#9 (4-25%), 
Neouvigerina-#4 (5-22%), Bolivina-#2 (5-20%) andMiliolidae-#11(7-17%). In general, 
Cibicides-#9 and Neouvigerina-#4 show an increase downcore (Fig. lla,b). The total abundance 
of the major groups show a downcore decrease in number ofspecimens/g dry sediment, from 150 
of Cibicides-#9 and Neouvigerina-#4 each, to 45 and 70 specimens respectively, and from 110 
and 100 of Bolivina-#2 and Miliolidae-#l1, to 30 and 50 specimens respectively (Fig. 12a,b). 

This core is distinguished by the largest (400-900) number of benthic foraminiferal specimens/g 
dry sediment (Fig. 8c). The large number is seen in the data of the top five cm of the core as well 
(Scherbacher, 1994). 

5.3 Core MC 93 (929m) 

The lithology consists of alternating light yellow-grey and yellow-grey calcareous mud. These 
sediments have a relatively low TOC of -0.1 % (Fig. 3) and -70% carbonates (Fig. 4). 
Twelve species of pteropods were identified in this core. The relative abundance of the seven 
major taxa (Fig. 13a) show the continuous occurrence of the major species, L. inflata, the 
dominant species (-62%), followed by L. bulimoides (up to 25%), C. convexa (-10%) and L. 
trochiformis (-8%). L. inflata is by far the most abundant species (455-1150 specimens/g dry 
sediment) followed by 400 specimens/g of L. bulimoides at its peak, -150 of C. convexa and 
-100 of L. trochiformis (Fig. 13b). L. bulimoides reaches its highest relative abundance 19cm 
downcore and its total abundance 21 cm downcore. In general, an opposite trend between L. 
trochiformis and L. bulimoides is observed, as well as between the latter and L. inflata in the 
lower part of the core (Fig. 13a). The trend of the total mesopelagic assemblage follows almost 
completely that of the total number ofspecimens/g dry sediment (700-1900). The change in 
relative abundance (80% to 92% and a decrease to 80%) of the mesopelagic pteropods follows 
variations in the abundance of L. bulimoides (compare Figs. 13a and 13c). 

Eleven species of planktic foraminifera were identified in this core. The relative and total 
abundance of the seven major taxa (Figs. 14a,b) shows the continuous occurrence of the major 
species, G. sacculifer (17-47%) and G. ruber (-23%), followed by -22% ofG. siphonifera and 
-17% of G. glutinata. There is generally an opposite trend between G. ruber and G. sacculifer 
(Fig. 14a). The number of total specimenslg dry sediment (Fig. 14b) show a decrease from 520-
1700 specimens/g ofG. sacculifer and 500-900 ofG. ruber to G. siphonifera (500-1100) and G. 
glutinata (190-600). A high PIB ratio (>95%), as well as a decrease in the total number of 
specimens downcore from 4500 to 2000, is observed in Fig. 14c. 

Fifty seven benthic foraminifera species were identified, a relatively low-diversity benthic 
assemblage as compared to MC 88. The relative and total abundance of the twenty-three major 
taxa (Figs. 15a,b,16a,b) show the continuous occurrence of the major genera, Neouvigerina-#4 
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(10-25%), Miliolidae-#11 (8-22%), Astrononion-#16 (12-20%) and Cibicides-#9 and 
Gyroidinoides-#3a (5-17% each). The total abundance of the major groups show a number of 
specimens/g dry sediment, of 30-60 specimens/g of Neouvigerina-#4, 22-50 specimens/g of 
Miliolidae-#II, 22-45 specimens of Astrononion-#16, 20-40 of Cibicides-#9 and 4-20 of 
Bolivina-#2 (Fig. 16a,b). 

Fig. 8c shows a total abundance of -250 benthic foraminiferal specimens/g dry sediment. 

5.4 Core MC 91 (1782m) 

The lithology consists of alternating brown and reddish-brown calcareous mud. The sediments 
contain iron-oxides, especially below 13 cm. These sediments have a relatively low TOe of 
-0.1 % (Fig. 3) and 60% carbonates (Fig. 4). 

Twelve species of pteropods were identified in this core. The relative abundance of the seven 
major taxa (Fig. 17a) show the continuous occurrence of the major species: L. inflata, the 
dominant species (decreases downcore from -70 to 40%), followed by L. bulimoides (up to 
50%), L. trochiformis (-10%) and C. convexa (-7%) constitute the main part of the assemblage. 
L. bulimoides reaches its highest relative and total abundance 27cm downcore. L. inflata is by far 
the most abundant species (decreasing from -2400 to -800 specimens/g dry sediment) followed 
by 2000 specimens/g of L. bulimoides at its peak, -400 specimens/g of L. trochiformis and -250 
specimens of C. convexa (Fig. 17b). In general an opposite trend between L. bulimoides and L. 
inflata is observed (Fig. 17a). The trend of the total mesopelagic assemblage follows almost 
completely that of the total number ofspecimens/g dry sediment (-3300). The increase (75-95%) 
of the mesopelagic pteropods is parallel to the increase of L. bulimoides (compare Figs. 17 a and 
17c). 

Twelve species of planktic foraminifera were identified in this core. The relative and total 
abundance of the seven major taxa (Figs. 18a,b) show the continuous occurrence of the major 
species; G. ruber (16-40%) followed by G. sacculifer (3-35%), G. glutinata (-25%) and up to 
30% of G. siphonifera. There is generally an opposite trend between G. ruber and G. sacculifer 
(Fig. 18a). The number of total specimens/g dry sediment (Fig. 18b) decreases from 90-2000 
specimens/g ofG. sacculifer, 550-1600 ofG. ruber and 390-1600 ofG. glutinata, to 190-1200 
specimens/g ofG. siphonifera. The highest PIB ratio (>96%), as well as the highest total number 
of specimens/g dry sediment for any core (2200-6000) is shown in Fig. 18c. 

Fourty seven benthic foraminifera species were identified, the lowest assemblage diversity as 
compared with Me 88. The relative and total abundance of the twenty major taxa (Figs. 
19a,b,c,20a,b) show the continuous occurrence of the major genera; Astrononion-#16 (14-30%), 
Miliolidae-#11 (2-27%), Hanzawaia-#13 (2-19%) and Neouvigerina-#4 (0-12%). Miliolidae­
#11 and Neouvigerina-#4 show a decrease in the top cm (Fig. 19a,b). The total abundance of the 
major groups shows in the same order a decrease in number of specimens/g dry sediment, from 
9-37 specimens/g ofAstrononion-#16 and 5-30 specimens/g ofMiliolidae-#l1, to 3-16 
specimens/g of Hanzawaia-#13 and 1-15 of Neouvigerina-#4 (Fig. 20a,b). 

Fig. 8c shows a total abundance of -75 specimens/g dry sediment. 
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6 - Stratigraphy 

The detailed planktic foraminifera and pteropoda records make it possible to recognize several 
intervals in the cores, denoting ecostratigraphic zones numbered ECI-EC6 (Fig. 21). Since 
changes in ecological conditions did not effect the two groups synchronously and to the same 
extent, a detailed ecostratigraphic framework was obtained by combining the four zones 
characterized by planktic foraminifera and the two by pteropods. 

The peak of L. bulimoides was used as a datum line for correlation between the cores. The 
shallowest core (MC88) was taken close to the shore and was diluted by terrigenous sediments 
(Fig. 4), the L. bulimoides peak was not recorded in this core because of the very high rate of 
sedimentation compared with the rest of the cores, therefore it cannot be used for correlation 
with the others. MC88 is lacking any useful correlative information offoraminifera as well. 

In the absence of radiometric dates no direct age determination is possible. 

Almogi-Labin and others (1991 and personal communication) worked on cores KLll and KL13 
from the central Red Sea and found, by extrapolation, an age of -4200 years ago for the L. 
bulimoides peak (Fig. 22). This age was used in relation to the cores of this present study. The 
correlation between the cores is seen in Fig. 21. 

Based on this stratigraphy, the sedimentation rate calculated for the cores MC88, MC98, MC93 
and MC91 are: at least 11 cm/lOOO years, 5.75 cm/lOOO years, 4.75 cm/lOOO years and 6.75 
cm/l000 years, respectively. Assuming a constant rate of sedimentation, it was possible to 
estimate the age of the bottom of core MC98 to be 4.8 Kyr, that ofMC93 as 6.4 Kyr and MC98 
as 5.3 Kyr. 

6.1 Description of ecostratigraphic zones (ECI-EC6) (Fig. 21) 

ECl: Characterized by a relatively low abundance ofG. sacculifer and a high one ofG. ruber. 
L. bulimoides is absent or of very low abundance, while L. trochiformis (as well as L. inflata) is 
of a relatively high abundance (compare Figs. 9a, lOa, 13a, 14a, 17a, ISa). 

EC2: This zone is characterized by a high total and relative abundance of G. sacculifer along 
with a decrease in the relative abundance ofG. ruber. L. bulimoides is absent or of very low 
abundance while L. inflata is of high abundance. 

EC3: This zone shows a decrease in the total and relative abundance of G. sacculifer as 
opposed to G. ruber and is important as a marker of the last appearance, or beginning of the 
large decrease, of L. bulimoides (Figs. 21,23). 

EC4: This zone is characterized by a low total and relative abundance of G. sacculifer along 
with a decrease in the relative abundance of G. ruber. L. bulimoides is present and its relative and 
total abundance increases downcore (L. inflata is of high abundance). 

EC5: Like EC2, it is characterized by a high total and relative abundance of G. sacculifer along 
with a decrease in the relative abundance of G. ruber. L. bulimoides reaches its highest total and 
relative abundance. 

EC6: Recorded only in MC93 (929m), it shows a low total and relative abundance of L. 
bulimoides and high relative abundance ofG. sacculifer (Figs. 21, 23). 
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7 - Major benthic foraminifera groups: 

The response of benthic foraminifera is not synchronous with the changes in planktic foraminifera 
and pteropods. For this reason the distribution of the major benthic foraminiferal groups is briefly 
summarized below. 

The cores were arranged according to stratigraphic correlation represented above. The changes 
of the main species are described from the shallowest to the deepest core (a lateral W-E 
transect). Vertical downcore changes were detected in some of the studied cores. 

Group 1- generally decreases from shallow to deeper cores (W-E): 

Bulimina - #1: A clear lateral decrease in the relative abundance, from ~8% decreasing to -2%, 
is seen in Fig. 24. 

Bolivina - #2: The relative abundance shows a clear lateral decrease from 25% to 5% (Fig. 25). 
A slight decrease in the relative abundance downcore is observed. 

Globocassidulina - #15: The relative abundance shows a lateral decrease from ~7% to ~3% 
(Fig. 26). 

Group 2 - consists of species more frequent in the intermediate depths: 

Neouvigerina - #4: The relative abundance shows an increase of up to 20% in the two middle 
cores compared to the shallowest and deepest ones, (-5%) as seen in Fig. 27. 

Cibicides - #9: The relative abundance shows an increase of up to 20% in the two middle cores 
compared to the shallowest and deepest ones (-5%) as seen in Fig. 28. A slight increase in the 
relative abundance down core is observed in the two middle cores. 

Group 3 - generally increase from shallow to deeper cores (W-E): 

Miliolidae - # 11: The relative abundance shows a lateral increase from ~ 10% to ~ 25% in the 
deepest core (Fig. 29). 

Astrononion - #16: The relative abundance shows a lateral increase from -8% to ~23% in the 
deepest core (Fig. 30). 

Hanzawaia sp. A - #13: The relative abundance shows a lateral increase from ~2% to ~10% in 
the deepest core (Fig. 31). 

Glomospira charoides - #*: The relative abundance shows a lateral increase from ~ 1 % in the 
shallowest core, to ~5% in the deepest one (Fig. 32). 

8 - Discussion 

The qualitative composition of the planktic and benthic foraminiferal assemblages does not 
change significantly throughout the cores, although the relative and total abundance of individual 
species does change considerably. With the notable exception of L. bulimoides, the same holds 
true for the pteropod assemblage. The main changes in both groups do not concern the 
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presence/absence of species, but the relative abundance (up to 30%), which is significant in G. 
sacculifer and to a lesser degree, in G. ruber. As a result, division into six ecostratigraphic zones 
was made mainly on the basis of the cyclical changes ofG. sacculifer. Since this species is a 
shallow to intermediate water one (Almogi-Labin, 1984; Erez et al., 1991; Bijma and Hemleben, 
1994), most of the changes reported in this study reflect the intermediate water mass (SOm-300m 
deep) during the past SOOO-6000 years. 

8.1 Planktic foraminifera 

The planktic foraminiferal assemblage recorded in this study is generally similar to the living 
assemblage as seen by Auras-Schudnagies et al. (1989) and Ivanova (198S) in surface sediment 
samples. The detection of Turborotalita clarkei in the present study is of no ecological 
significance since the size fraction analysis, >149J,lm, is not representative for this species, which 
is smaller (Hottinger et al., 1993). 
The relative and total abundance of G. sacculifer generally dominates over that of G. ruber (not 
withstanding the bi-weekly reproduction of G. ruber vs. the lunar reproduction of G. sacculifer) 
(Figs. lOa, 14a, 18a), except in the shallow core MC88 (366m), where the total abundance ofG. 
ruber is twice that ofG. sacculifer (Fig. 6a) (Almogi-Labin, 1984; Hemleben et al., 1989; Bijma 
et al., 1990; Erez et al., 1991). This may be due to the fact that the core taken at this site 
represents only a part of the full water column as compared to the others. The distance from the 
shore may also playa role. The opposite dominance of G. sacculifer and G. ruber has been 
observed in the different oceans and this anti cyclicity in Quaternary sediments has been reviewed 
(among others) by Luz and Reiss (1994, unpublished). Reasons given for this phenomenon by 
various authors are : 

1. Temperature: Minimum winter temperatures during the glacial periods (below 17°C) are 
thought to have prevented G. sacculifer from surviving in the Gulf of Elat and northern Red 
Sea sediments, while G. ruber withstood temperatures down to l3°C (Reiss et al., 1980; Reiss 
and Hottinger, 1984). However, Bijma et al. (1990), working on living specimens under 
laboratory conditions, found identical lower temperature (14°C) limits for the two species. 
Thus, this factor is probably not the cause for the differences in abundance between the two 
specles. 

2. Salinity: Anticyclicity between G. sacculifer and G. ruber in the Pleistocene Red Sea 
sediments has been explained by lowered temperatures superimposed on the species-specific 
upper salinity limits, with G. ruber having a wider salinity range (above 360/00 or below 
34.S%o) than G. sacculifer (Berggren and Boersma, 1969). On the other hand, shifts in 
dominance in present day oceans seem to have a different explanation. G. sacculifer is 
dominant in the north Red Sea and GulfofElat (Almogi-Labin, 1984; Auras-Schudnagies et 
al., 1989), where salinities at present reach 41 %0, and is absent in the southeast Levantine 
Basin, where salinities are 39.S%o. Since 49%0 is the upper salinity tolerance for both G. 
sacculifer and G. ruber, it is unlikely that present day salinity differences are the sole factor 
for the dominance pattern. In addition, Bijma et al. (1990) found in laboratory conditions that 
the opposite dominance in present oceans is not controlled by salinity, as the two species in 
question have the same salinity optimum. 

3. Water fertility: G. sacculifer dominates over G. ruber in the nutrient-poor waters of the 
north Red Sea, whereas G. ruber is abundant in the southern part of the Red Sea, which is 
more fertile (Zobel, 1971; Weikert, 1987; Kroon, 1988; Auras-Schudnagies, 1989; Bijma et 
al., 1990). In the northeastern Atlantic, Ottens (1992) showed the main controlling factor for 
foraminiferal distribution to be nutrient availability. On the other hand, G. sacculifer is absent 
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today in the southeastern, nutrient-poor, Levantine Basin, whereas G. ruber is present (Luz 
and Reiss, 1994, unpublished). Most probably, water fertility only partially controls the 
changes in relative abundance ofG. sacculifer and G. ruber (although no definite 
understanding of this correlation has yet been reached). 

Auras-Schudnagies et al. (1989) showed the connection between the intensity and duration of 
the inflowing fertile waters from the southern Red Sea (during the summer monsoon) and their 
control over the distribution pattern of the different species examined. North of20oN, the Red 
Sea is depleted in nutrients and has an oligotrophic character, while south of20oN there is an 
entrance of relatively fertile waters from the Arabian Sea through the Gulf of Aden. The shift 
in the convergence zone changes the water masses nutrient level and the dominant species of 
the assemblages. I suggest that migration of the convergence zone, north or south of its 
present border (200N) might have led to the downcore changes observed in this study in the 
relative abundance of G. sacculifer (one of the most dominant species in the Gulf of Elat and 
northern Red Sea) (Almogi-Labin, 1984; Kroon, 1988; Auras-Schudnagies, 1989). These 
changes were apparently greater in the intermediate water mass (50-300m deep) than in the 
upper or deep waters. Thus, the distinct changes in relative abundance ofG. sacculifer, a 
good representative for changes in the intermediate water mass, are not seen as clearly for the 
shallow (upper SOm) epipelagic G. ruber, nor for the benthic foraminiferal species, which 
represent the bottom water mass (Reiss et al., 1974; Almogi-Labin, 1984; Bijma et aI., 1990; 
Erez et aI., 1991). 

4. Food requirements: G. ruber feeds mostly on phytoplankton while G. sacculifer is a 
carnivore, feeding on copepods and, in juvenile stages, algae (Hemleben et aI., 1989). Thus, 
the distribution of copepods might strongly affect the distribution of G. sacculifer and, 
consequently, the ratio of the two species. Bijma and others (1990) suggest that G. ruber 
relies more on symbionts (more autotrophic) than the carnivorous (more heterotrophic) G. 
sacculifer, thus reflecting availability of nutrients. However, information concerning use of 
symbionts as food and the connection between feeding habits and distribution is very scarce 
and conclusions in this regard relating directly to presence/absence of the two species cannot 
be made at present. 

5. Water stratification: Transition from the photic zone to complete darkness may trigger 
gametogenesis in G. sacculifer. The gametes concentrate in a narrow depth zone of given 
density and, by that, increase their chances of fusion (Erez et aI., 1991 with ref). The distance 
between the photic zone and the gametogenesis depth zone is dependent upon water-mass 
characteristics and should be relatively small to enable the juvenile G. sacculifer to regain the 
photic zone and feed on the abundant phytoplankton there, as well as to acquire symbionts 
(Luz and Reiss, 1994, unpublished; see also Bijma et aI., 1994). The pycnocline south of20oN 
intensifies and rises, compared to its less strong and deeper structure north of 200N (Maillard 
and Soliman, 1986). Therefore, the depth and intensity of the pycnocline can be of great 
importance as a partial mechanism explaining the changes in the relative abundance seen in G. 
sacculifer in the present study. 

The mechanism which causes stratification is the difference in water density (patzert, 1972; 
Cember, 1988). There are no large rivers flowing into the central Red Sea bringing fresh water 
which could trigger stratification in the water column (Edwards, 1987). The Khor Baraka 
river reaches the Red Sea about 100 km south of Port Sudan and therefore only slightly 
influences the cores studied in this paper (Rossignol-Strick, 1987). In this area of the sea, such 
differences are probably caused by small changes in climatic conditions, from semi-arid to 
more arid ones, and vice versa. These climatic changes apparently had the largest effect on the 
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intermediate water mass, where G. sacculifer is abundant (this is also shown by the 
mesopelagic pteropod L. bulimoides as explained further on). 

A more arid climate with frequent strong cold-winds in the winter, could have caused 
increased evaporation in the Gulf of Suez and northern Red Sea (including the Gulf of Elat) 
forming, as a result, the deep and intermediate water masses, respectively (patzert, 1972; 
Cember, 1988). Eshel et al. (1994) assumes wind forcing is secondary to thermohaline forcing, 
but agrees on the source of the deeper waters. Ventilation of the deeper water masses are 
therefore controlled by the formation of deep waters in the Gulf of Suez and the northern Red 
Sea itself, which in turn, control the dominance of mesopelagic fauna in these deeper water 
masses. These waters produce a more oxygenated deep and intermediate southern inflow and 
cause the weakening of the oxygen minimum zone (DMZ), thus allowing fauna to live and 
migrate to deeper waters (patzert, 1972; Weikert, 1987; Cember, 1988). Differences in this 
inflow from the north can trigger or weaken the water stratification and increase the 
pycnocline gradient. The changes in the intensity of this inflow can also cause changes in the 
relationship between the depth of the pycnocline and that of the photic zone and, as a result, 
can lead to changes in the relative abundance ofG. sacculifer (Erez et at, 1991). 

6. A combination offactors: The most probable scenario is a combination of the different 
parameters: changes in position of the convergance zone changed water mass inflow (north or 
south of the convergence zone). This in turn changed the nutrient levels and faunal assemblage 
in the convergence zone area. Along with changes in the stratification of the water column 
(weakening of the DMZ), the relationship between the depth of the pycnocline and that of the 
photic zone was altered and may have led to the changes detected in G. sacculifer. 

The mesopelagic pteropod, L. bulimoides, reaches high total and relative abundance during 
times of a less stratified water column. The latter enables a full diurnal migration (Be and 
Gilmer, 1977; Almogi-Labin, 1982, 1984). Therefore, the climatic settings at the time of its 
strongest peak (~4200 years BP) were apparently more arid, with a deeper water column 
habitat for the mesopelagic species. This deeper and less stratified water column is, as 
expected, correlative to the episodes of higher relative abundance ofG. sacculifer. 
Globigerina sacculifer can overcome the density barrier of migrating from the gametogenesis 
depth of water to the photic zone more easily in a relatively mixed water column than in an 
intensely-stratified water column. The correlation between the higher relative abundance of L. 
bulimoides and of G. sacculifer is seen in Fig. 23. This parallel correlation stops at ~ 2400 
years before present (yrBP) where L. bulimoides and G. sacculifer decrease in abundance, 
while L. bulimoides disappears altogether. G. sacculifer on the other hand, continues to show 
a cyclical increase-decrease pattern. The ecological changes are not exactly synchronous 
between the two due to the species-specific differences between these separate groups. 

The problem remains that with current data we are not able to give a full explanation for the 
G. ruber - G. sacculifer anticyc1icity seen here and in other oceans. 

The pteropod assemblage is very well preserved, indicating that no dissolution has occurred and 
therefore cannot be the cause for the assemblage changes seen in any of the cores. 

8.2 Reconstruction of the water column - paleohydrography 

The changes observed in the different species can help reconstruct the paleo-water column 
properties in the central Red Sea during the past ~6000 years. 

The sedimentation rate calculated for the cores MC98, MC93 and MC91 are; 5.75cm, 4.75cm 
and 6.75cml1000 years, respectively. Assuming a constant rate of sedimentation, it was possible 
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to estimate the age of the bottom of core MC98 to be 4.8 Kyr, that ofMC93 as 6.4 Kyr and 
MC98 as 5.3 Kyr. 

6400-5300 - MC93 (929m) represents the longest record spanning 6400 years. The period of 
6400-5300 yrBP is represented by the very low abundance of the pteropod L. bulimoides and the 
high abundance of the planktic foraminifera G. sacculifer (Fig. 23). This may be due to a slightly 
low oxygen level at the OMZ because of decreased ventilation of the intermediate water column 
which affects only the deeper, mesopelagic L.bulimoides. A relative increases of L. trochiformis 
at this time, indicates a slightly stratified water column which did not affect the shallow 
mesopelagic species (see Fig. 13a). This stratification caused a relatively high nutrient level, as 
indicated by the increase of L. trochiformis which reflects slightly higher nutrient levels in the 
water (Be and Gilmer, 1977). 

5300-3000 - The zone between 5300 and 3500-3000 yrBP, in the three deepest cores, was 
characterized by a relatively less stratified water column. Therefore a probable scenario is a slight 
climatic change at 5300 yrBP from less arid to slightly more arid, and therefore a slightly less 
stratified water column. This is seen by the relatively high abundance of the shallow mesopelagic 
species, G. sacculifer, G. glutinata, G. siphonifera (Figs. lOa, 14a, 18a) and the very high 
abundance of the mesopelagic pteropods, L. bulimoides followed by L. inflata (Figs. 9a, 13a, 
17a). Limacina bulimoides, a deep mesopelagic species (Be and Gilmer, 1977; Almogi-Labin, 
1982, 1984), reaches its highest abundance at this time (-4200 yrBP) and is seen clearly in all the 
three cores (Fig. 23). This period represents the most aerated water column and therefore the 
most arid climate in the past 6400 years. This is seen in the terrestrial record as well. Wasson 
(I995) showed extremely low lake levels in Lake Didwana, India, 4000 years ago and Weiss and 
others (1993) found a marked increase in aridity and wind circulation, subsequent to a volcanic 
eruption at -4200 years ago in northern Mesopotamian, Syria. 

3500-2000 - The zone between 3500-2000 yrBP represents a new change in the climatic 
settings, from the slightly arid period to a less arid and more humid one. These conditions lead to 
less ventilation of the water column and, therefore, a more stratified one. The increase in 
stratification increases the nutrient level as seen by the increase in the pteropod L. trochiformis 
(Figs. 9a, 13a, 17a). This is followed by a slight increase in C. convexa and almost a total 
decrease in L. bulimoides, a dominant mesopelagic species in the previous zone, which decreases 
probably as a result oflimitation in oxygen levels and strengthening of the stratification (Fig. 23). 
In the Red Sea L. bulimoides migrates to depth of -200m hence, deeper than those of G. 
sacculifer (-100m) and therefore diasppears at this stage, while the latter continues to live (Bijma 
and Hemleben, 1994). The higher abundance of the epipelagic species (both foraminifera and 
pteropods), especially after the large decrease in L. bulimoides, is seen by the high abundance of 
G. ruber (followed by G. siphonifera and G. glutinata) in Figs. lOa, 14a and 18a. 

2000-600 - Another change in the climatic settings is seen between 2000-600 yrBP. The 
conditions are very similar to those between 6400-5300 yrBP seen in MC93 (929m). An increase 
in the relative abundance of G. sacculifer together with a decrease in the rest of the planktic 
foraminiferal assemblage represents a broadening of the mixed water layer and a weakening of 
the stratification, due to a slightly more arid period (Figs. lOa, 14a, 18a). A very low lake level in 
Lake Didwana, India was detected at 1000 yrBP, showing this increased aridity as well (Wasson, 
1995). The ventilation and weakening of water stratification is seen by the high relative 
abundance of the mesopelagic L. inflata which migrates to depth of 400m (Weikert, 1987). The 
weakening of the stratification was not to the same degree seen during the period 5000-3000 
yrBP, as detected by the abundance of the epipelagic pteropods (L. trochiformis, C. acicula and 
C. virgula virgula) seen in Figs. 9a, 13a and 17a. 
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600-present - The final change in the climatic settings is seen between 600 yrBP to present. 
The last -600 years were less arid and therefore less mixing of the waters occurred. The stronger 
stratification of the water column is seen through the dominant species of the assemblage. An 
increase in the epipelagic G. ruber (followed by a slight increase of G. glutinata and O. universa) 
(Figs. lOa, 14a, 18a) and the highest relative abundance of the epipelagic L. trochiformis 
(followed by a slight increase in the mesopelagic L. inflata) as seen in Figs. 9a, 13a and 17a. 

8.3 Reconstruction of the water column - possible mechanisms 

In examining the different agents which could influence the climatic and/or the hydrographic 
settings, the reasons below are suggested: 

1. Changes in the EI-Nifio Southern Oscillation (ENSO): The Southern Oscillation is caused 
by the interannual sea surface temperature variations of the tropical Pacific. The periodicity of 
the oscillation is estimated to be approximately 4 years (Anderson et al., 1992). Geological 
records are capable of recording long-term changes associated with the ENSO system and 
evidence exists that such changes in the frequency and amplitude of EN SO do occur. Longer 
cycles that exhibit periodicity between 80-100 years are preserved in marine sediments. These 
changes bring to faunal and physical changes in the waters (Anderson et al., 1992). The reason 
and forcing mechanism for the changes seen in the ENSO system are not completely 
understood at present and more research is in line. The core samples examined in the present 
study, show a resolution of 150-200 year interval for each cm, thus hampering the recognition 
of the short period cycles of ENSO. 

2. Monsoonal changes: Changes in the intensification of the monsoon are recorded on an 
astronomical cycle scale (Rossignol-Strick, 1983). The duration and global timing of sub­
cycles in the monsoon system is at present unknown (Wasson, 1995). The controlling factors 
of these changes are mainly atmospheric. A weather system, like the monsoon, develops at 
times with reference to the trade wind convergence designation, the intertropical convergence 
zone (ITCZ). A possible explanation for changes in the monsoonal regime, involve a change in 
the inclination of the intertropical convergence and the compression of the zone (Rognon and 
Williams, 1977; Barry and Chorley, 1992; Shulmeister and Lees, 1995). Variations in the 
monsoon intensity on a sub-cycle level might be connected to the Late Holocene climate 
fluctuations, which were observed in the Red Sea records. However, the timing of the sub­
cycles are not established so far. 

3. The presence of small gyre centers: The large scale circulation of the Red Sea is 
dominated by thermohaline forces, winds, evaporation and the monsoonal system (Patzert, 
1972; Quadfasel and Baudner, 1993). Quadfasel and Baudner (1993) showed that the local 
rotation of the wind field was apparently able to generate gyre-scale circulation cells. Their 
location is thought to be linked to the major topographic basins of the sea. These eddies were 
observed in the area of200N and could be the reason for changes in the fertility of the water. 
In the margins of a clockwise eddy the nutrient levels are slightly higher than in the center 
(Ring group, 1981). Therefore the position of the cores in relation to these eddies could have 
played a certain role in the character of the waters surrounding the cores. 

The highest abundance of L. bulimoides in the three cores, along with the largest difference in 
the relative abundance of G. sacculifer, is detected in the core MC91 (l782m). The position 
of this core is probably at the gyre-center, meaning that the nutrient levels of the surrounding 
waters might be relatively low. This apparently had an influence on the abundance of the 
species as compaired with core MC93 (929m). This core is probably positioned at the gyre-
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margin, where nutrient levels are slightly higher, and the differences described above are not as 
sharp. 

8.4 Benthic foraminifera 

The deep water body has a stable and constant temperature and salinity of21.5°C and 40.6%0, 
respectively (patzert, 1972). On the other hand, the total organic carbon content and oxygen 
levels (see Figs. 3 and 33) change significantly. The surface waters of the Red Sea are close to 
oxygen saturation levels. At a depth of 200-650 meters there is an oxygen minimum zone of 1.5 
ml O2/1 in the north, decreasing towards 200N and southwards to the level of 0.5 ml O2/1. The 
bottom waters below 700m depth are well ventilated with oxygen levels of2 ml O2/1 (Newmann 
and McGill, 1962). Renewal of the intermediate and deep water masses is controlled by the rate 
of formation of deep waters in the Gulf of Suez, Gulf of Elat and the northern Red Sea itself The 
oxygen content of the intermediate waters is controlled also by the increasing consumption 
southwards, because of higher fertility of the waters (patzert, 1972; Cember, 1988 and ref 
within). 

As mentioned previously, the shallowest of the four multi-cores examined was taken within the 
OMZ, another at the margin of the OMZ and two cores in the deeper and more oxygenated deep 
water mass. Three major benthic foraminiferal assemblages were distinguished based on their 
composition. Each assemblage is composed of a number of characteristic species, and additional 
ubiquitous species. 

Group 1 - OMZ assemblage 

The assemblage found in core MC88 is characterized by a low number of -1 00 specimens/g dry 
sediment (Fig. 8c), along with the highest diversity of species (Fig.34), altogether 69 species. The 
low abundance is partially related to the higher sedimentation rate of this core (366m), minimum 
of 11 cm/lOOO years. 

The dominant species in this assemblage are all infaunal; Bulimina (#1), Bolivina (#2) and 
Globocassidulina (#15), comprising together -40% of the assemblage. The species 
Discorbinella rhodiensis (#8), Cancris auriculus (#10) and Fursenkoina sp.A (#6) are part of the 
characteristic species comprising this assemblage and are absent in the other cores. These latter 
species comprise -8% of the assemblage which brings all the characteristic species to comprise 
48% of this assemblage. The three dominant taxa (#1, #2 and #15) show a clear lateral decrease 
in relative abundance, from the shallowest, -8%, 25% and 7%, respectively to the deepest core, 
-2%, 5% and 3%, respectively (see Figs. 24, 25 and 26). The increase in total abundance is 
generally parallel to the increase in number of total benthos (compare Figs. 8a, b with Fig. 8c). 

Bulimina is an opportunistic species, following high food levels (Corliss and Chen, 1988; 
Jorissen, 1988; Corliss, 1991; McCorkle et aI., 1990; Van der Zwaan and Jorissen, 1991; Keller 
Grtinig et al., in prep.). Bolivina is abundant in areas of high TOC levels (Sjoerdsma and Van der 
Zwaan, 1992; Gupta, 1994). Globocassidulina is an infaunal species found living at 1-5 cm in the 
central Red Sea (Scherbacher, 1994). 

The OMZ assemblage, is associated with a low oxygen content of<0.5 ml 02/1 (Fig. 33) and a 
high TOC content of -0.7% wt (Fig. 3). 

The supply offood (organic matter inputs) has a major influence on the distribution and 
abundance of deep-sea benthic foraminifera. An associated factor influencing the diversity and 
abundance of benthic fauna is the dissolved oxygen level in the bottom water and sediment pore 
water (Sjoerdsma and Van der Zwaan, 1992; Sen Gupta and Machain-Castillo, 1993; Gooday, 
1994). Foraminiferal species have different oxygen and food (TOC levels) requirements. 
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Therefore different foraminiferal assemblages can reflect regions with specific TOC levels 
(Gooday, 1994). These species can be used as indicators of paleo-oxygen or paleo-TOC levels. 

Tolerance to low oxygen levels and preference of high organic carbon content in the sediment, 
both play an important role for the dominating species in these areas, which are usually 
opportunistic species (Van der Zwaan and Jorrisen, 1991). A high dominance and low diversity 
of these species are typical of oxygen-poor environments (Sen Gupta and Machain-Castillo, 
1993). Different studies in oxygen minimum zones support the low diversity and high dominance 
of the foraminiferal population, which constitute up to 80% of the assemblage. Quinterno and 
Gardner (1987) observed that at the Russian River, California at the depth of 500-1 OOOm, the 02 
levels are 0.5 ml 02/1 and the dominant species were Epistominella, Bolivina, Bulimina and 
Globobulimina spp. Douglas and Heitman (1979) worked on the California Borderland (at depth 
of 400-950m) with 02 levels of 0.1-0.3 ml 0211, and found frequent species of Bolivina. At the 
depth of 1200-1900m with 02 levels of 0.3-0.5 ml 0211, the dominant species observed were the 
infaunal Fursenkoina, Cassidulina and Buliminids. In the eastern Pacific OMZ the dominant 
genera are Bolivina and Bulimina like in the present study (Sen Gupta and Machain-Castillo, 
1993). 

In the Red Sea the oxygen minimum is well developed «0.5 ml 0211) but the conditions do not 
reach anoxia in the sediment surface (Weikert, 1987). The two factors controlling the dominance 
of the benthic species in the Red Sea OMZ are the dissolved 02 level and the food availability, or 
in other words, the TOC level. The limitation of each factor plays a dominant role in the 
diversity. In this case the high diversity of species is probably to a large degree, due to the high 
TOC level (0.7% wt.) which allow favorable conditions, along with very low oxygen levels which 
cause the presence of the infaunal, buliminid species. Thus the high TOC preservation and low, 
but present, dissolved 02 allow for the development of a heterogeneous diverse, although 
oxygen-limited, benthic population. 

Group 2 - Transitional assemblage (OMZ margin) 

The assemblage is characterized by the highest number of up to 900 specimens/g, (Fig. 8c) and 
by the high diversity of species (57-63 species) (Fig. 34). 

The epifaunal to shallow infaunal benthic foraminifera most abundant in this assemblage are; 
Neouvigerina (#4) mostly N ampullacea and N porrecta and Cibicides (#9) mostly C. 
mabahethi, comprising together -60% of the assemblage. The species Lamarckina ventricosa 
(#18b) and Gyroidinoides cf soldanii (#3a) are part of the species comprising this assemblage 
and are scarce in the other cores. The latter comprise 8-13% of the assemblage which brings all 
the characteristic species to comprise -70% of this assemblage. The abundance of the dominant 
species (#4 and #9) decreases laterally towards the OMZ as well as towards the more aerated 
deeper water mass (Figs. 27, 28). The total abundance of the two, is highest in core MC98 
(579m) and follows the trend of number of benthos in this core (compare Figs. 12a,b, 16a,b and 
Fig.8c). 

Neouvigerina is abundant under moderate oxygen and TOC levels and is food dependent 
(Sjoerdsma and Van der Zwaan, 1992). Scherbacher (1994) records C. mabahethi living mainly 
at the surface and down to 3cm depth, thus indicating this species is epifaunal to shallow infaunal. 
Cibicides spp. (excluding C. mabahethi) were found living between oxygen levels of 1.3-6.0 ml 
O2/1 hence, are oxic indicators (Kaiho, 1994). 

The relatively most abundant species of the transitional assemblage, are associated with moderate 
oxygen levels of 0.5-1.5 ml 02/1 (Fig. 33) and TOe levels of 0.3-0. 1% wt (Fig. 3). The high 
abundance and diversity reflects the large food supply which along with the presence of moderate 
oxygen levels allow the development of a diverse, food-dependent benthic population. This 
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assemblage is combined of -40% epibenthic species (mainly Cibicides spp. and Rosalina ? 
suezensis) and -60% shallow to deep infaunal ones (mainly Bolivina spp., Neouvigerina spp. 
and Astrononion sp.) reflecting conditions similar to those of moderately low oxygen levels 
(compare with Sen Gupta and Machain-Castillo, 1993). 

Group 3 - Well aerated assemblage 

The assemblage is characterized by the lowest number (about 70) of specimenslg dry sediment, 
(Fig. 8c), along with the lowest diversity of species (Fig. 34), altogether 47 species. 

Most dominant in the deepest water mass are epi- to infaunal foraminifera; Miliolidae (#11), 
Astrononion (#16), Hanzawaia sp.A (#13) and Glomospira charoides (#*), comprising together 
-55% of the assemblage. Their relative abundance is highest in the aerated water mass and 
decreases towards the OMZ (Figs. 29, 30, 31, 32). 

Hanzawaia is a deep water species (Keller Griinig et al., in prep.). Found living at 0-2 cm in the 
central Red Sea (Scherbacher, 1994). Glomospira charoides is a deep water species (Lindenberg 
and Auras, 1984; Berggren and Kaminski, 1990). Moderate organic matter fluxes and 
moderately low levels of 02 (suboxic indicators, 0.3-1.5 ml 02/1) are indicated by the common 
occurrence of Astrononion assemblages (Sjoerdsma and Vander Zwaan, 1992; Gooday, 1994; 
Kaiho, 1994). In the central Red Sea in the deep aerated region, Astrononion is found living 
between 2-5 cm sediment depth (Scherbacher, 1994). In this infaunal habitat, the oxygen level 
probably decrease to suboxic levels which are favored by Astrononion species. Miliolidae is a 
widely distributed group (Corliss, 1985, 1991). Different species of Miliolidae were grouped 
together in the present study, making it difficult to significantly characterize the different species 
ecologically. 

The relatively most abundant species of the aerated water mass are associated with the highest 
oxygen levels of>2 ml 02/1 (Fig. 33) and lowest TOC levels of -0.1 % wt (Fig. 3). The low 
abundance and diversity reflects to a certain degree, the scarce food which present difficult 
conditions for the benthic population (Sjoerdsma and Vander Zwaan, 1992). 

The three groups are presented in Fig. 35 with relation to the differing oxygen and TOC levels. 
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Fig. 35. Benthic foraminifera groups according to oxygen and total organic carbon (TOC) levels. 
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Agglutinated species 

Most of the agglutinated have been combined with rare species (others) which together show no 
definite quantitative trend in the different cores. This is not the case in the top 5 cm (studied by 
M. Scherbacher). The relative abundance of the agglutinated species was considerably higher, 
reaching 35% in MC91 (1782m). The agglutinated species examined by M. Scherbacher (1994) 
were mainly organically cemented species (Ammoscalaria spp., Labrospira spp., Hormosilla 
guttifera and others). 

Fig. 36 shows the relative abundance of the "others" as well as the group of organic cemented 
species, as a function of core depth. 

Soft bodied agglutinated foraminifera have no fossilization potential due to their fast 
decomposition after death (Gooday, 1994). Organically cemented species seem to decompose as 
they reach the sea floor and undergo oxygenation, thus their relative abundance decreases 
tremendously after burial. The results in Fig. 36 are in agreement with this phenomenon. 

Present day foraminiferal assemblages 

The benthic foraminiferal assemblage is unique to the Red Sea and is different from benthic 
assemblages of the modem oceans. The important species in well oxygenated environments of 
the oceans are the epifaunal species: Cibicides spp., Cibicidoides spp., Gyroidina spp., 
Globocassidulina spp. and thick-walled miliolids (Gooday, 1994; Kaiho, 1994). The high 
dominance ofbuliminids (mostly Bolivina and Bulimina species) is common in the low oxygen 
zones, for both the Arabian Sea and the Red Sea. 

The Arabian Sea on the other hand, is characterized by a benthic foraminiferal assemblage which 
is controlled by oxygen and TOC levels, similar to the central Red Sea (present study fauna). One 
of the main differences between the components controlling the assemblages in the two seas is 
the presence of an active upwelling system, and therefore enlarged biological activity, in the 
Arabian Sea. The large consumption of organic matter, promotes the creation of an intense 
oxygen minimum zone with <0.2 m1 02/1 (Hermelin and Shimmield, 1990; Hermelin, 1992). 

The major benthic foraminifera which comprise the OMZ assemblage associated with high 
organic content of the sediments, are mostly Bolivina and Bulmina species. In the Arabian Sea, 
below the OMZ the dominant species are Bulimina aculeata and UVigerina hispida. The 
sediments deposited closer to the continent are characterized by the agglutinated Reophax spp. 
(Hermelin and Shimmield, 1990). 

The circulation pattern which leads to the prominent and permanent OMZ in the Red Sea 
(Weikert, 1987) and high fertility of the water in the Arabian Sea (Hermelin, 1992 and ref 
within) are not present in the well-oxygenated Gulf of Elat. The arid climate, high evaporation 
rates and presence of a 252m barrier separating the Gulf of Elat from the Red Sea, cause the 
absence of a significant thermocline, halo cline and pycnocline and lead to a mixed water column 
(Reiss and Hottinger, 1984). The benthic foraminiferal assemblages characteristic to the Gulf of 
Elat are therefore different from those of the Red Sea and Arabian Sea (compare Hottinger et al., 
1993). 

8.5 Paleoceanography of the deep water mass 

The downcore record of this study represents the past 5000-6000 years of the Late Holocene, 
and the paleoceanographic changes during this time interval. 
Many authors rely on TOC as an indicator of bottom oxygenation levels (Van der Zwaan and 
Jorrisen, 1991; Sen Gupta and Machain-Castillo, 1993). The TOC does not change significantly 
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downcore in each of the different cores (Fig. 3), indicating that no major shifts in the oxygenation 
levels occurred in the past -6000 years. Changes in TOC levels were detected only in MC88 
(366m) which represents the past -2000 years. The lowest total abundance of the OMZ 
assemblage was observed 7cm and 15cm downcore together with the lowest TOC levels of 
0.55% wt (compare to highest value 0.78% wt) recorded for this water mass (compare Figs. 8a,b 
and Fig. 3). This probably reflects periods of a less intense OMZ and less consumption of organic 
matter, or on the other hand, a lower supply of organic matter (decrease in productivity). 

The CaC03 content (Fig. 4) does not change significantly downcore, indicating that like the 
TOC, no major shifts in the flux of planktic organisms occurred in the past -6000 years. The 
same is observed for the size fraction >63 J.lm (Fig. 37) which does not show significant shifts 
downcore, indicating that no major changes occurred in the biogenic particle flux (mainly 
foraminifera and pteropods) to the seafloor or calcium carbonate dissolution, during this time 
period. The slight relative changes in the size fraction >63 J.lm detected in the deepest water mass 
(MC91 - 1782m) may reflect a lateral displacement contribution. Thus, as stated above, it seems 
that in general the deep water body did not change significantly during the last 6000 years. 
Therefore, the current deep water structure remained stable and similar to the recent deep water 
configuration, this, in contrast to the more significant changes detected in the mixed layer and the 
upper part of the intermediate water as reflected by the changes seen in the planktic foraminifera 
and pteropods. 

At the margin of the OMZ at 579m (MC98) some changes with time were detected. These 
changes are mainly expressed by distinct fluctuations in the abundance of benthic foraminiferaig 
dry sediment. The largest number of specimens/g dry sediment (400-900) were observed at this 
water depth as well as the largest shifts in their total number (Fig. 8c). These shifts are probably 
due to the fact that the core is located at the margin of the OMZ. Changes are detected more 
easily at OMZ margins, even if they are small, whereas MC93 (929m) which is located in the 
deeper water mass, does not reflect these extreme shifts in numbers. Peaks in number of 
specimens/g dry sediment are observed 9cm and 17cm downcore, -2000 yrBP and -3800 yrBP 
respectively, and coincide with periods of relatively high TOC levels (-0.33% wt). A decrease in 
number of benthos occurred 2400 yrBP contemporaneously to times of somewhat lower TOC 
levels of 0.28% wt (11cm downcore) and 5500 yrBP (25 cm downcore) where it does not 
coincide with low TOC (-0.35) (compare Figs. 3 and 8c). The periods of relatively high numbers 
of benthos are thought to coincide with a relatively higher water fertility at these times (see 
Gooday, 1994). 

The four cores were taken at the OMZ or at the deeper and more aerated water masses. The long 
term (during the last -6000 years) changes in the benthic fauna were not found to be 
synchronous with those of the planktic species which in tum reflect changes occurring in the 
mixed layer and intermediate waters. 

By observing the shifts in abundance of the three assemblages a reconstruction of the bottom 
water mass, represented by the benthic foraminifera, can be made. At times of higher number of 
specimens and higher diversity of species, the food availability was probably higher. This is 
reflected by higher TOC and relatively lower 02 levels. 
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9 - Summary and Conclusions 

1) Three of the four multi cores analyzed were correlated by using the dated (-4200 years 
before present) maximum abundance of L. bulimoides observed earlier at other Red Sea 
locations. This datum was not recognized in the shallowest core. Using this datum, an age of 
-6400 yrBP can be estimated for the bottom of the deepest core sequence. Furthermore, an 
average rate of accumulation of -5 cmllOOO years in the three correlated cores can be estimated. 

2) Using planktic foraminifera and pteropoda, six ecostratigraphic zones were established and 
recognized in the three correlated deeper cores. The thickness of these zones does not change 
appreciably from core to core. This indicates that the foraminiferal and pteropod assemblages are 
not disturbed by either displacement or dissolution. 

3) The number of planktic foraminifera> I 49J.l.m varies from -400 specimens/g dry sediment 
in the shallowest core to -4000/g in the deepest one, reflecting on one hand the thickness of the 
water column and the composition of the assemblage, richer in deeper dwelling species in the 
deeper core. This is generally correlative with the bulk calcium carbonate content of the 
sediment. 

4) The most prominent downcore changes in the planktic foraminiferal assemblage, pertain to 
the relative abundance of the epipelagic G. ruber to that of the epi-shallow mesopelagic G. 
sacculifer. These changes are probably due to periodic fluctuations in stratification and position 
of the OMZ or of the pycnocline vs. the photic zone, influencing conditions required for optimal 
reproduction ofG. sacculifer. The periodicity of these changes is approximately 3000 years. 

5) There is a clear correlation from -5300 to -2400 yrBP between the G. ruber vs. G. 
sacculifer cycle and the frequency and presence/absence of L. bulimoides. This correlation 
strongly supports the interpretation of a slightly stronger stratification of the water column in the 
past 3000 years (as compared to the period between -5300-3000 yrBP), especially between 
-3000-2700 yrBP. 

6) The paleoceanographic changes mentioned above and represented by proxy indicators 
reflect climatic fluctuations in particular in the northern Red Sea area. Thus, drier and harsher 
winter regime in the north produced denser waters sinking to intermediate depth between -5300-
3000 yrBP. 

7) As far as benthic foraminifera are concerned, three lateral assemblages were distinguished: 
the OMZ assemblage, the transitional (OMZ margin) assemblage and the deeper more aerated 
water assemblage. The organic matter input and its preservation, together with the dissolved 02 
levels in the bottom water and sediment pore-water, both playa major role in determining the 
specific assemblage composition. The infaunal species of Bolivina, Bulimina and 
Globocassidulina are the dominant ones of the OMZ assemblage. The transitional (OMZ margin) 
assemblage is comprised mainly of the epifaunal to shallow infaunal Neouvigerina spp. and 
Cibicides spp. and the deep more aerated assemblage is comprised mainly of the epifaunal to 
shallow infaunal species of Miliolidae, Hanzawaia, Astrononion and Glomospira. 

The benthic foraminiferal assemblage composition, TOC content and the CaC03 content do 
not change significantly downcore in each of the cores, indicating that in general, the deep water 
body did not change much during the past 6000 years. This in contrast to the changes detected in 
the planktic assemblages, representing the mixed layer and intermediate waters. 
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Appendix 

List of benthic foraminifera describing the distribution data: 

Me88 

Bulimina marginata (B.marginat) 

Bolivinellina cf pescicula (B. pescicul) 

Brizalina subspathulata (B.subspat) 

Heterolepa cf subhaidingerii (Heterolep) 

Tretomphalus spp. (Tretom. sp) 

Cancris auriculus (C.auriculu) 

Spirophthalmidium sp' (Spiroph.s) 

Miliolidae div. (Miliolid.div) 

Rosalina? suezensis + Rosalina spp. (R.suezensi) 

Gyroidinoides cf soldanii (G.cfsolda) 

Bolivina persiensis (B.persiens) 

Fursenkoina sp. A (Furse.sp A) 

Spirillina spp. (Spirilli.spp) 

Neouvigerina ampullacea (N.ampulla) 

Neouvigerina porrecta (N.porrecta) 

Discorbinella rhodiensis (D.rhodiens) 

Cibicides tabaensis (C.tabaensi) 

Nonion sp. + Astrononion sp. A (Nonion sp) 

Globocassidulina sp. (Globoca.s) 

Sahulia kerimbaensis (S.kerimba) 

Plotnikovina cf aequa (P.cfaequa) 

Reophax spp. (Reopha.sp) 

Heterolepa? sp. A (Heter.sp A) 

Pseudoeponides falsobeccarii (P. falsobec) 

Paracassidulina neocarinata (p.neocarin) 

Siphonaperta horrida (S.horrida) 

Porosononion sp. B (poros.sp) 

Lagenammina sp' (Lagena.sp) 

Reussella sp. (Reussella) 

Neouvigerina interrupta (N.interrupta) 



Cibicides spp. (Cibicid.sp) 

Lamarckina ventricosa (L. ventricos) 

Textularia cushmani (Textula.sp) 

Robertinoides bradyi (R.bradyi) 

Amphistegina radiata (A.radiata) 

Svratkina acuta (Svra.acuta) 

Hanzawaia sp. A (Hanz.sp A) 
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Eponides pusillus + Vonkleinsmidoides (Discorbino) 

Ehrenbergina compressa (E.compres) 

Ammobaculites? sp. (Ammo.?sp) 

Hyalinea balthica (H.balthica) 

Pyrgo spp. (p. phlegeri) 

Lenticulina spp. (Lenticulina) 

Milliolidae div. (S.milliolid) 

Neocorbina marginata (Neocorbin) 

Bulimina striata (Bul. striata) 

Articulina pacifica (Ar.pacifica) 

Vertebralina striata (Vert. striata) 

Valvobifarina mackinnonii (Valvobif. s) 

Discorbinella bertheloti (D.berthelo) 

Bolivina variabilis (B.variabilis) 

Brizalina striatula (B.striatula) 

Spirotextularia floridana (Spir.florid) 

Nodophthalmidium antillarum (N.antillaru) 

Alliatinella panayensis (A.panayen) 

Caribeanella elatensis (C.elatensi) 

Floresina sp. A (Flores. spA) 

Abditodentrix rhomboidalis (Arhomboi) 

Discorbinella? sp. (Disscorbi?) 

Cassidelina spinescens (C.spinesc) 

Elphidium sp. (Elophidiu.s) 

Rotorbinella cf lepida (R.cf.lepida) 

Globocassidelina oriangulata (G.oriangu) 

Patellinella sp. (Patellinell) 

Loxostomina limbata costulata (Loxostom) 



Fissurina sp. (Fissurina) 

Neouvigerina porrecta subsp. A (Neouvi.sp) 

Rotorbinella ? sp. (Rotorb?s) 

MC98 
Bulimina marginata (B.marginat) 

Bolivinellina cf pescicula (B.pescicul) 

Brizalina subspathulata (B.subspath) 
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Eponides pusillus + Vonkleinsmidoides (Discorbino) 

Heterolepa cf subhaidingerii (Heterolepa) 

Tretomphalus spp. (Tretom. sp) 

Cancris auriculus (C.auriculus) 

Spirophthalmidium sp. (Spiroph.sp) 

Miliolidae div. (Miliolid.div) 

Rosalina? suezensis (R.suezensi) 

Gyroidinoides cf soldanii (G.cfsolda) 

Bolivina persiensis (B.persiensu) 

Brizalina striatula (B.striatula) 

Spirillina spp. (Spirilli.spp) 

Neouvigerina ampullacea (N.ampulla) 

Neouvigerina porrecta (N.porrecta) 

Discorbinella rhodiensis (D.rhodiens) 

Cibicides tabaensis (C.tabaensi) 

Neouvigerina interrupta (N.interrupt) 

Globocassidulina sp. (Globoca.s) 

Loxostomina spp. (Loxostomi) 

Lamarckina ventricosa (Lamarckin) 

Pyrgo spp. (Pyrgo spp) 

Siphonaperta horrida (S.horrida) 

Textularia cushmani (S.cushman) 

Plotnikovina cf aequa (p.cfaequa) 

Cibicides mabahethi (C.mabahet) 

Sahulia kerimbaensis (S.kerimba) 

Casside lina spinescens (C. spinesce) 

Pseudoeponides falsobeccarii (P .falsobec) 

Cibicides spp. (Cibicid.spp) 



NOllioll sp. + Astrollonioll sp. A (Nonion sp) 

Porosononion sp. B (Poros.sp B) 

Heterolepa? sp. A (Heter.spA) 

Hanzawaia sp. A (Hanzawaia) 

Svratkina acuta (Svra.acuta) 

Siphonina tubulosa (Siphonina) 

Cibicides sp. A (Cibicid.s.A) 
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Alliatinella panayensis (A. panayen) 

Glandulina group of G. laevigata (group laevi) 

Lagena spp. (Lagena sp) 

Glomospira charoides (Glomospir) 

"Psammosphaera" spp. ("Psammo") 

Paracassidulina neocarinata (Para.neo) 

Rotorbinella cf lepida (R.cf.lepida) 

Caribeanella elatensis (Carib. elate) 

Cassidelina? makiyama (C.makiyam) 

Lenticulina spp. (Lenticulina) 

Challengerella bradyi (Ch.bradyi) 

Assilina ammonoides (Assilina.a) 

Pyramidulina catesbyi (pyramiduli) 

Reussella sp. (Reussella) 

Loxostomina limbata costulata (Limbata.co) 

Vertebralina striata (Vert. striata) 

Astacolus sp. A (Astaculus) 

Anomalinulla glabra (Anom.glab) 

Siphotextularia heterostoma (Sipho.hete) 

Angulogerina angulosa (Trifarina) 

Neoeponides bradyi (Neo.bradyi) 

Haplophragmoides bradyi (Haplophr) 

Asterorotalia sp. (Asterorot) 

Epistominella sp. (Epistomin) 

Neorotalia sp. (Neorotalia) 
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Bulimina marginata (B.margina) 

Bolivinellina cf pescicula (B.pescicu) 

Brizalina subspathulata (B. sub sp at) 

Heterolepa cf subhaidingerii (Heterolop) 

Cancris auriculus (C.auriculu) 

Tretomphalus spp. (Tretomph) 

Spirophthalmidium sp. (Spiroph.s) 

Miliolidae div. (Miliolid.di) 

Rosalina? suezensis (Rsuezen) 

Gyroidinoides cf soldanii (G.cfsolda) 

Bolivina persiensis (B. persien) 

Spirillina spp. (Spirilli.sp) 

Neouvigerina ampullacea (N.ampulla) 

Neouvigerina porrecta (N.porrect) 

Discorbinella rhodiensis (D.rhodien) 

Cibicides tabaensis (C.tabaens) 

Nonion sp. + Astrononion sp. A (Nonion sp) 

Globocassidulina sp. (Globoca.s) 

Sahulia kerimbaensis (S.kerimba) 

Plotnikovina cf aequa (P.cf.aequ) 
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Eponides pusillus + Vonkleinsmidoides (Discorbin) 

Heterolepa? sp. A (Heter.sp) 

Pseudoeponides falsobeccarii (P .falsobe) 

Hanzawaia sp. A (Hanz.sp.A) 

Siphonaperta horrida (S.horrida) 

Porosononion sp. B (Poros.sp) 

Neouvigerina interrupta (N.interrup) 

Cibicides spp. (Cibicid.sp) 

Cibicides sp. A (Cibic.s.A) 

Alliatinella panayensis (Apanaye) 

Lagena spp. (Lagena s) 

Glandulina group of G. laevigata (g-laevigat) 

Lenticulina spp. (Lenticulin) 

Pyramidulina catesbyi (pyramidul) 



Neoeponides bradyi (Neoeponi) 

Textularia sp. (Textularid) 
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Bulimina marginata (B.margina) 

Brizalina subspathulata (B.subspat) 

Tretomphalus spp. (Tretomph) 

Spirophthalmidium sp. (Spiroph.s) 

Miliolidae div. (Miliolid.di) 

Rosalina? suezensis (R.suezen) 

Gyroidinoides cf. soldanii (G.cfsolda) 

Bolivina persiensis (B. persien) 

Spirillina spp. (Spirilli.sp) 

Neouvigerina ampullacea (N.ampulla) 

Neouvigerina porrecta (N.porrect) 
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Neouvigerilla interrupta (N.interrup) 

NOllioll Sp. + AStrollollion sp. A (Nonion sp) 

Globocassidulina sp. (Globoca. s) 

Plotnikovina cf aequa (P.cfaequ) 

vOllkleinsmidoides (Vonkleins) 

Eponides pusillus (E.pusillus) 

Pseudoepollides falsobeccarii (P .falsobe) 

Hanzawaia sp. A (Hanz.sp.A) 

Siphonaperta horrida (S.horrida) 

Porosononion sp. B (poros.sp) 

Cibicides spp. (Cibicid.sp) 

Textularia cushmani (T.cushm) 

Cibicides mabahethi (C.mabah) 
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Angulogerina angulosa (Trifarina) 
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Trochammina sp. (Trocham) 

Ammodiscus flavians (Ammo dis) 

Reussella sp. (Reussella) 

Pattelina corrugata (patellinell) 

Paracassidulina neocarinata (P.neocari) 

Ehrenbergina compressa (E.compre) 

Pseudononioll grate lou pi (Pseudono) 

Reophax spp. (Reophax) 

46 



--E 
(J 
'-' 
.J::. 
15.. 
Q) 

0 

MC88 (366m) 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 O.B 

o--------~----------~ 

5 -

10 -

15 -

20 -

25 -

30 ----------~--------~ 

L.bulimoides peak -4200yr 

47 

TOC% 

Me98 (S79m) 
0.0 0.1 0.2 0.3 0.4 

o -----'--------~ 

5 .; 

10 ~ 

15 ~ 

20 -

I 
25 i 

~ 
i 
-I 
I 

30 1 
-
! 

MC91 (1782m) 
0.0 0.1 0.2 

0------

MC93 (929m) 5 ~ 

0.0 0.1 0.2 

o ..... ; ---'------, 
i 

J 
j 

I 
5 -' 

~ 
, .., 

J 
I 

10 i 
~ 
J 
I 

15 J 
.., , , 
-, 
-I , 

-~ 1 
~ 
-1 

25 ~ 

~lU 

-: 

~ 

10 ..: 

-i 

15 ~ 
.., 

~ 
-! 
J , 

20 -I 
J 

; 

-; 
I 

-1 
25 -' 

-: 

Fig. 3. Total organic carbon content (%wt.), datum line = L.bulimoides peak, as explained later on in the text. 



MC88(366m) 

02040 60 

O----~ 

5 -

10 J 
-

i 

-E ' -, 

~ -
£ 15 ~ c.. 
Q) 
Cl _ 

I 
-, 

20J 

25 ..: 
-

I 

-I 
30 +\ --,---~-----' 

48 

CaC03% 

MC91 (1782m) 

o 20 40 60 80 

MC98(S79m) 0-;-------

02040 60 

o . T: -~~-----'--

5 j 

10 

15 ~ 

J 

MC93 (929m) 5 = 
i 

02040 60 80 J 
o +' -----'----'-----,: J 

~ I : 
~ ! 10 j 

5 

10 

] 
15 -I 

I 
1 
-l , 
-l 

, 
] 

I 

15 ~ 
~ 

~ 
20J 

I 
""1 

j 
i 

L.bulimoides peak -420Oyr T- - - - I ; - -+- - - - - I --!- - - -

20 l i J -' 

25 -' 
J j 130 J 
, 

j 
J ! 1 

25 ] I +--1 -,------,-----,---------1 
I 

~ ! 
1 I 

30 -t-1 --,--,----------,-------jl 

Fig. 4. Carbonate content (%wt.), datum line = L.bulimoides peak, as explained later on in the text. 



MC88 
(366m) E C. chierdliae% L. trochifornis% 

Hu sample ~ C. v. virgula% C. acicula% 
nuniler ~ 

~ 0 10 20 0 10 20 0 10 20 0 10 0 

o L_~. ___ . JL ___ L ___ I L .J .. J .1... __ . J 

8767 ·1 5 

8769 

8771·-

110 -
8773 --

8775 -

8777 =115 

8779 -

8781 -

-120 
8783 

8785 -

8787 =125 

8789 

10 

J 

20 

_1 _ 

L. inflata% 

30 40 50 60 

_L_.I 

-- 30 -t--T----l I---T---I ---r- --I T-l T - . IT- r- -1- T 

Fig. 5a. Relative abundance of pteropods in MC88 (366 m depth) 

others% 
C. convexa% 

70 80 0 10 0 

___ L ___ ~ L __ .1 

~ 
\0 



MC88 
(366m) E C. chierchiaelg C. aciculalg 

Hu sample ~ C v.virgulalg L. trochifornislg 
nurrber 'E.. 

~o ~ 0 ~ 0 ~o ~o ~ 

o L_I L 1 __ L __ -' -'-- ___ I I._I 

87671 5 -

8769-

8771 -

1 10 
8773 

8775 -

8777 J 15 

8779 -

8781 -

-120 
8783 -

8785 

8787 -1 25 

8789 -

~j 

60 

L. inflata/g 
Otherslg 

C. convexalg 

90 120 150 180 210 240 2700 0 

1 ___ 1 _ _ I 1 __ 1 __ J I 

30 ~-----r-- -,-- I r-----I-I"-- --- T - -- r-- r----r- I ---1--- ---I 

Fig. 5b. Total abundance of pteropods (specimens/g dry sediment) in Meaa (366 m depth) 

Ul 
o 



MC88 
(366m) 5 

Hu sample ;;: 
No.specirrens 

(>149j..1m)lg 

nurmer g. 0 100 

C L o -1 __ 

8767 -I 5 -

8769 -

8771 -
10 

8773 -

8775 -

1 
8777 I 15 

8779 

8781 

1 20 
8783 

8785 

8787 j 25 

8789 -

~ 
30 --t--

200 300 400 

I I j 

I 

T "I 

MesopeiagicJg 

o 100 200 300 

__ .. __ L_L_~ 

~ I 

-r---r----T--1 

MesopeIagic% 

o 50 100 

_..1~_..J 

~ \ 

r-- -1--1 

Fig. 5c. Total abundance of pteropods and the mesopelagic taxa in Me88 (366 m depth) 

VI -



MC88 
(366m) E O. universa% G. calida% 

Hu sample ~ G. ruber'/o G. sac:culifer% G. siphonifera% G. glutinata % 
nurrber 'E. 

~ 0 10 20 30 40 o 10 20 30 40 0 10 0 

o 1._ -. I. __ L _____ L_ J ___ '-___ L __ ..I ,_._.1 

8767 -j 5 

8769 

8771 -

-110 -
8773 

8775 

8777 j 15 

8779 -

8781 

1 20 
8783 

8785 

8787 j 25 

8789 

--30 ---r--r-T- l--r --T---T·- -, T 
Fig. 6a. Relative abundance of planktic foraminifera in Me88 (366 m depth) 

o 10 20 

_ .. __ L __ .L 

. 1 

o 10 0 

_._1 

T. darkei% 

10 20 

__ J . ____ L 

others% 

o 10 
, 

VI 
N 



MC88 
(366m) E 

Husample ~ 
nuniJer a 

~ 0 

o 

8767·j 5 

8769 

8771·· 

1 10 
8773 -

8775-

8777 ~j 15 

8779 -

8781 

1 20 
8783 

8785··· 

8787 -125 

8789 . 

-j 
30 -r--

G. ruber/g 

30 60 90 120 o 
I. .1. 

1--

G.siphoniferalg G.glutinatalg 
G. sacculifer/g o.universalg 

30 60 900 30 0 o 30 60 

I_~_L __ ~I . I. 

r---r----,I 1""00_]- T·ul~nT _00 T· 

T.darkei/g 
G. calidalg otherslg 

90030030600 

_I I ..... I . 

Fig. 6b. Total abundance of planktic foraminifera (specimens/g dry sediment) in Me88 (366 m depth) 

Vl 
W 



MC88 
~ 

(366m) E No.specirrens %P/B G. ruber% G. sacculifer % Others % 
Husample ~ (>149 fJm)/g 

nuniler a 
~ 0 150 300 4500 50 1000 20 40 0 20 40 0 20 40 60 

o L --- 1- _ _L - _I 1 __ - 1 ___ I 1 _ _ 1__ L __ .I l. 1 

8767 --I 5 

8769 

8771 --

1 10 
8773-

8775 -

8777 ~115 
8779 

8781 

-120 
8783 

8785-

8787 =125 

8789 

L--...J 30 -,-
r--I~-I ---I - - -I- 1 

Fig. 6c. Total and relative abundance of the main planktic foraminifera taxa and the PIB ratio in Me88 (366 m depth) 

VI 
~ 



MC88 
(366m) E #1 

Hu sal'1"(lle ~ Bulimna% 
nurrber a 

~ 0 5 10 0 

o L __ .L_J 

8767 j 5 

8769 -

8771 

~ 10 
8773 

8775 

8777115 

8779 -

8781 

-1 20 
8783 

8785 

8787 j 25 

8789 -

~ 
30 I ~ 

#2 
Bolivina% 

5 10 15 20 25 30 

_.J __ L __ .I . ___ I. __ J_ .. __ ._L_. 

#3a #4 #6 
Gyroidinoides% #3b Neouvigerina% #5 Fursenkoina% #7 

Heterolepa% RosaIina% TretorJl)haloid% 

o o o o 

-·---r-··I T ---Ir ···-1 I 

Fig. 7a. Relative abundance of benthic foraminifera in Me88 (366 m depth) 

VI 
VI 



MC88 
(366m) E #8 #9 #10 #11 

Hu sarrple ~ Disoorbinella% Cibicides% Cancris% MiliO/idae% 
nurrber E.. 

~ 0 5 10 0 5 10 0 0 5 
o L-_L__I L __ L __ J J __ J ___ J 

8767 --l 5 

8769 --l j / l \ j\ J \ 
8771 --l 

10 ~ \ ~ / ~I[ 1 \ 
8773 

8775 
II , 

8777 --l 15 

8779 -

8781 

1 20 
8783 

8785 

8787 j 25 

8789 

#12M #13 #14 #15 #16 

JI~ 
CD 
1:: 
0 1 ~ ~ 

5 0 
_I 

Globocassidulina% Astrononion% 

o o 

~ l(~ .- c: 
~ - ==-
co :5 
N a. 
c: en 
as 
::r: 

I I 

5 10 0 
_J _____ J 

5 

____ J _ 
10 15 

1.. __ 1 

L--_--' 30 "I 1 1 -1-- T 1 -r--l -·-----l-----' r- T ---I 

Fig. 7b. Relative abundance of benthic foraminifera in MC88 (366 m depth) 

VI 
0'\ 



MC88 
(366m) 

Hu salTlJle #17a #17b #18a #18b #19 #2.0 #* others% 
nul1'iler 

0 5 0 0 0 0 0 0 0 5 10 15 20 

.-~------.-; o 1 J__ l __ l_ I. __ I. J __L __ 1.._. __ .1 ______ L_J ___ J 

8767 j 5 

II ::§!. ::§!. ::§!. ::§!. ::§!. ::§!. 
8769 - 0 0 0 0 0 0 

m m I/) m m m 
c: -;:; 0> c: c: L-

"S; .!!! -:2 32 0> . -0.. 
0 ::l 0 ~ Cl I/) 

87711 

10 11 

~ x c: m m 0 
-i:: '2 - ...J - E 0> E (5 I- 0> m 0 

a::: .c ...J a 
8773 -I 

0 
0::: 

Vl 
--....J 

8775 

8777 15 

8779 

8781 -

20 
8783 

J 
1 

8785 -

8787 25 

8789 -

30 1----T-- 1---1- 1--- ,- I -, 1 - _. 1 - 1 

Fig. 7e. Relative abundance of benthic foraminifera in Me88 (366 m depth) 



MC88 
(366m) E 

Husample ~ 
nul'l1Jer a 

~ 0 

#1 
Bulimnalg 

50 1000 

o _~-L __ ~ 

8767 -1 5 

8769 -

8771 -

1 10 
8773 

8775 

8777 j 15 i I i 
8779 

8781 

~ 20 
8783 

8785 

8787 j 25 

8789 -

~b ~ ~ 
#!2. #3a Heterolepalg #4 Rosalinalg #6 Tretol1lJhaloidlg #8 

Bolivinalg Gjroidinoideslg Neouvigerinalg Fursenkoinalg Discorbinellalg 

50 100 150 200 250 300 3500 50 100 0 50 0 50 0 50 0 o 50 0 50 100 

_.J ___ .L __ ~ ___ -.1 __ J __ J __ -' L __ . L __ -' _ 1 ___ I .1. J_ I _ I 

/ :j l -II -I ! -II il I I I I 

30 I I 1 t---I----r--,------T--T--T----I run --rn-r -1-1 I 1 

Fig. 8a. Total abundance of benthic foraminifera (specimens/g dry sediment) in Me88 (366 m depth) 

Vl 
00 



~ #10 
(366m) W #9 Cancrisfg #11 #12M #13 #14 #15 

Hu sample ......... Cibiddesfg Miliolidaelg 
nurrber a 

#16 #17a #18a #19 #!' 
AWononionlg #17b #18b #!20 othersfg 

~ 0 50 0 0 50 100 150 0 0 0 0 50 100 o 50 100 0 0 0 0 0 0 0 0 50 

o -I __ ...L_ J J ______ 1 ___ 1 ____ JL__L __ L_ _I ___ L ____ ~L _I 

8767 -j 5 

8769 --

8771 

-1 10 
8773 

8775 

nI~li~ 
..!2' 0- 0- ..!2' ..!2' ..!2' 0- ..!2' - tv u; «I «I tn «I «I e! c c- ·c - CD- C C CD-
"5 "S; «I :g 32 CD "0 .0. 

- 0 "5 0- ~ Cl ·c - tn_ 
:g ~ )( C «I 0 0 
tn ·c :e- «I ...J Co E CD- E tn - I- CD CD 0 «I 0 «I 0 a u [[- .0 ...J "0 0 0 :::l .0 0::: CD 0 tn II VI a 0- \0 

8777 ~j 15 

8779 -

8781 

-120 
8783 

8785 -

8787 J 25 

8789 -

'------1 30 -\----,--- ~-r-~----T --, T r-I - 1 - -- r --r 1- -- 1 

Fig. 8b. Total abundance of benthic foraminifera (specimens/g dry sediment) in MC88 (366 m depth) 



~ 

E 
~ 
£; 
c. 
Q) 

0 

No. benthic foramnifera 
(>100jJm)/g in 1\IIC88 (366m) 

o 100 200 

o 1- - - 1 ~I 

5 

10 

15 
"-

20 -

25 -

30 

No. benthic foramnifera No. benthic foramnifera No. benthic foramnifera 
(>100jJm)/g in Me98 (S79m) (>100jJm)/g in MC93 (929m) (>100jJm)/g in Me91 (1782m) 

o 100 200 300 400 500 600 700 800 900 

I - 1 

.............. 

----r-T----'- --- -- -,-

o 100 200 300 

- 1 

I 

, 

o 100 

Fig. Bc. Total abundance of the benthic foraminifera in MCBa, MC9a, MC93 and MC91 

0'1 
0 



MC98 
(579m) E 

Husample ~ 
nurrber :a 

~ 0 

o 
10 0 

---.J 

8843H, '''1 OJ _ 

8845 -II I ~ .. 
OJ_ 
:c 

8847 II 0-
- 10 

8849 

8851 l \ l/ 
8853 - 15 

8855 -

8857 

1 20 -
8859 -

8861 -

8863 j 25 

8865 -

8867 

10 0 10 0 10 

_I _L __ .L 

::§!.-

\ 
::§!. 

~) 
0 0 
co co-
:; :; 
e>- u 

·0 .E .S; co :c :> 0 0-
u 

~ 

I I \ 

30 -1--1 -1- -- 1 -1---11--~T 

o 10 20 0 
___ 1. __ 1 __ _ 

::§!. 
0 
!/) 
OJ 
:g 
0 

.§ 
:; 
.0 
~ 

I 

1- -,. --,- I 

Fig. 9a. Relative abundance of pteropods in Me98 (579 m depth) 

10 

_ J 

-- T 

20 30 

I __ J 

40 50 

- - . 1 

::§!. 
0 
co 
10 
q:: 
.!: 
~ 

. ,-

60 70 0 
L ___ . 

( 

\ 1 

10 20 0 

J 

1\ 1 

/ II 

10 

::§!. 
0 

~ 
OJ 
.c 
(5 

0\ ...... 



MC98 
(579m) § 

Husample -
nun1Jer a 

~ 0 0 o 1000 100 0 100 200 3000 100 200 300 400 500 600 700 800 900 0 

0 .. __ .. __ 1 L __.I ._ 1 ____ J ...... ..J 1 _.1 1 .L. J. I .... .1 

~ 

~( ~ 

1 
~ ) as .§ - s 

~ CD 
:g as u q:: 

·u .e 0 c::: 
as :E .5 ..J U 9 . ~ 

.0 

..J 

88431 5 

8845 -- j I~ 
CD as 
:E 

884'] t.~ - 10 "fi -
8849 - U 

8851 -

8853 J 15 -

8855· 

8857 

~ 20 
8859-

8861 -

8863l 25 

8865 -

8867 

30 --l --T - I--T·I r- r -[ 1 . 

Fig. 9b. Total abundance of pteropods (specimens/g dry sediment) in Me98 (579 m depth) 

100 2000 100 

f/ II i 

0\ 
IV 



MC98 
(579m) E 

Husample ~ 
nurri:Jer t 

~ 0 

o 

No. specirrens 
(>1491J)/g 

400 800 1200 1600 

. I I 

Mesopelagidg NIesopelagic% 

o 400 800 1200 1600 o 50 100 

I _ I 

30 1--T---l ---~---I -r-- --r----,- T -, . , 

Fig. 9c. Total abundance of pteropods and mesopelagic taxa in Me98 (579 m depth) 



MC98 
(S79m) E 

Husample ~ 
nurrber li 

~ 0 

----~-- 0 

8843 -I 5 

8845 --

8847 

-1 10 
8849 

8851 -

8853 j 15 j 
8855 -

8857-

-1 20 
8859 

8861 -

8863 j 25 

8865 

8867 

G.ruberolo G. sacculifer% G.siphonifera% 

10 20 30 40 0 10 20 30 40 0 10 20 

_L _____ L_ J J _ L _____ .I. L __ I 

I :1 / I \ 

30 -t--1-------,----r--1 -I----T----r- ---- T----I I--T-- -I 

~ 0 
co 
~ 
Q) 
> 'c 
:::l 

o 0 

j I 

Fig. 10a. Relative abundance of planktic foraminifera in Me98 (579 m depth) 

<f!. 
~ If) 

Q) 
0 

~ 'Qi "0 0 

G.glutinata% :§ ~ ~ 
co Q) s U .r: 

.0 
~ 

(5 

30 0° 0 10 20 0 0 

I \ I / II 0\ 
..J:::. 



IVIC98 
(579m) E 

Hu salll>le .£. G. ruber/g 
nurriJer :5 a. 

~ 0 200 400 600 800 

oL_- 1 ___ .1 .. 

8843-1 5 

8845 -

8847 --

-110 
8849-

8851 --

8853 j 15 -

8855 -

8857 _. 

-120 
8859-

8861 . 

8863 j 25 

8865 -

8867 -
I 

30 

G.sacculifer/g 

o 200 400 600 800 
. . .1 __ . .L.~~_.L_ .. L 

·'--1- r-. T-

O.universa/g G.bulloides'g othersfg 
G.siphoniferalg G.glutinata/g T.clarkei/g 

o 200 400 0 0 200 400 0 0 0 
_1_ _ 1_._ .L._ L ___ L _ ..... L .. 

-I 

Fig. 10b. Total abundance of planktic foraminifera (specimens/g dry sediment) in Me98 (579 m depth) 

0"1 
VI 



MC98 _ 
(S79m) E 

Hu safll>le ~ 
nuniJer 'E. 

~ 0 

o 

8843 -I 5 

8845 

8847· 

~ 10 
8849 

8851 

8853 j 15 

8855 -

8857 

-I 20 
8859 -

8861 

8863 -I 25 -

8865 

8867 

No.specimens 
(>149I.1m)/g 

%P/B G. rubefOlo 

1000 2000 3000 50 1000 10 20 30 

_L-.-L _ 1 _.. I. ___ I L ... _L_ .. L __ ....• _ . 
40 0 

30 i--T----r-- -·1 i--·-T- -1 1- r---r- ---T-- 1 

G. sacculifer% Others% 

10 20 30 40 o 10 20 30 40 

.1 ... .1. .L ___ L 

- - 1 .... r 

Fig. 1 Dc. Total and relative abundance of the main planktic foraminifera taxa and the PIS ratio in Me98 (579 m depth) 

50 60 

0'\ 
0'\ 



MC98 
(579m) E #1 

Hu sample ~ Bulinina% 
nurrtler t 

~ 0 5 0 
o -1 ____ J 

8843 .~ 5 

8845 

8847 

1 10 
8849 

8851 .. 

8853 j 15 

8855 -

8857 

-120 -
8859 -

8861 -

8863 .~ 25 

8865 

8867 

30 

#f2. 
Bolivina% 

5 10 15 20 0 

- -1- -r ·--r---l 

#3a 
Gyroidinoides% 

5 10 15 0 

- 1 

#3b 

5 0 

?F-
ro a. 

.,g! 

e 
~ 
::I: 

~····I 

5 

Fig. 11a. Relative abundance of benthic foraminifera in Me98 (579 m depth) 

#4 
Neouvigerina% 

10 15 

I· 

#5 
Rosalina% 

2025050 

L .. 1 

#7 #8 
Disoorbinella% 

505 

?F­
:!2 
o 
iii 
.r:. 
a. 
E 

~ 
I- 0\ 

-...J 



MC98 ~ 
(579m) 5 

Husample -
nurrber :[ 

~ 0 5 

#9 
Cibicides% 

10 15 

o ~ '" I 

8843 -I 5 

8845 --

8847 
-110 _. 

8849 

8851 

8853 j 15 

8855 

8857 -

-120 
8859 

8861 

8863 j 25 

8865 

8867 

20 

#10 
Cancris% 

25 0 5 0 

#11 
Miliolidae% 

5 10 15 

_I I ___ . __ L 

#12m #13 
transported% 

20 0 5 0 
__ _. I 

'$. 
cu 

.~ 
c: 
cu 
:c 

L-----.I 30 i--r--,----'---- [--, -r----, -r-- T- T r I 

Fig. 11 b. Relative abundance of benthic foraminifera in MC98 (579 m depth) 

#14 #15 
Spirillina% 

5 0 5 0 5 0 
_ 1 _I.. . -' _. 

'$. 
cu 
~ 
::::I 
:2 
~ g 
.0 
o a 

#16 
Astrononion% 

5 10 15 

I 

0\ 
00 



MC98 
(579m) E #17a #17b #18b #19 #20 'If!' others% 

Hu sar1l>le ~ 
nurrber E. 

~ 0 5 0 5 0 5 10 0 5 0 5 0 5 0 5 10 15 20 

o .L_I L __ I -L. __ L .. J .L __ ~.J _J... _I 1._ ~ J . L. ___ ~._L _ . ..l_~ . .. L 

8843 -j 5 

8845· 

8847· 

-110 . 
8849 -

:::.E! 

( 
:::.E! 

)~ )tr 
(/i! 0 0 

I\J I\J ~ 0;:: c:: · c:: 
I\J :s2 CD 00.. 

"5 ~ • OJ fI) 

~ 
I\J 0 

I\J · -l E 
l- E 0 

I\J a -l 
:J 
CD-

8851 
fI) I \ 0'1 a.. \0 

8853 j 15 -

8855 -

8857· 

-120 
8859· 

8861 

8863 j 25 

8865 . 

8867 -
I 
301--1 .., .,--~ '-1 ~I T·-~' 1 ·r 

Fig. 11c. Relative abundance of benthic foraminifera in Me98 (579 m depth) 



MC98 
(579m) E 

Husample ~ 
nuni:Jer :R 

~ a 
a 

8843 -

8845 -

8847 -

8849 

8851 

8853 j 15 

8855 

8857 

~ 20 
8859 

8861 

8863 

8865 

8867 

#1 
Bulirrina/g 

20 40 a 
___ L __ J 

20 
J _ 

#!2. 
BoIivina/g 

40 60 80 100 
L. ___ L 

L-_-" 30 -t-,----l i---i---T---r---r---,---

#3a 
Gyroidinoideslg 

0 20 40 60 80 

J L 1_-

r - 1 1--

#3b 
Heterolepa/g 

a 20 0 

- T-

20 

1 

- 1 

Fig. 12a. Total abundance of benthic foraminifera (specimens/g dry sediment)in Me98 (579 m depth) 

#4 
Neouvigerina/g 

40 60 80 100 120 140 

_1._ 1 

1 

-...J o 



MC98 
(579m) E #5 tf1 

Hu sample ~ Rosalinalg 
nun1:ler 'E.. 

#8 

~ 0 20 0 o 20 0 

o .1 ___ L._. ____ ._1 

8843 --j 5 

8845 

8847 

8849 --

8851 

10 

f1\ i .c: .- j 
Co -e 
E· 0 
o ~ 
~ 0 

8853 -j 15 I-

8855 -

8857 

20 
8859 

8861 -

8863-j 25 

8865 

8867 

30t--r - ----I 

#9 
Obicideslg 

20 40 60 80 100 120 140 

L ___ L_~ .1. L._. __ ._ 1 . ._1. . ..... 1 

'\ 

--r ---I - -T -r-- , --

#10 
Gancrislg 

o 0 

l 

#11 
Miliolidaelg 

20 40 60 
__ 1_ _ 1 _J 

/ 

Fig. 12b. Total abundance of benthic foraminifera (specimens/g dry sediment) in Me98 (579 m depth) 

80 

L 

#12m #13 
transportedlg 

o 0 20 

I I \ ~ -....J ...... 



Me98 
(579m) E #14 

Hu sample .£. Spirillina/g 
nul'1iJer a 

~ 0 20 

o J ___ L~ 

8843 --I 5 -

8845 

8847 -

10 
8849 -

8851 -

8853 --

8855 

8857· 

J 20 

8859 

8861 -

8863 ---I 25 

8865 

8867 

#15 

0 20 

'--__ .L 

.e> 
m 
~ 
:::l 
"0 
·in 
II) 

~ o 
.c 
o 
B 

30 I-~---r- 1--- I 

#16 
Astrononionlg 

0 20 40 

L I _ .. .1 _ 

#17a #17b 
Plotnikovina/g 

0 20 40 0 20 0 

1 ---' 1 ___ 1 .. ~ J 

. I r --I 

#18b #19 
Lamarckina/g Lagena/g 

20 40 0 20 0 

_.1. _ I .J ... J .1 

#!20 

20 

..1 

~ 
(I) 

:2 
c: 
o 
0-
(I) 
o 
"0 
:::l 
(I) 
II) 

a.. 

Fig. 12c. Total abundance of benthic foraminifera (specimens/g dry sediment) in Me98 (579 m depth) 

0 

#* otherslg 

i .0. 
II) 
o 
E 
o 
B 

0 20 

-.) 
N 



MC93 
(929m) E 

Husample .£ 
nurrtJer t 

~ 0 

--------. 0 

8818 -I 5 

o 

88201 ~I"(" Q) co cu- -

88221 it t 10 ._- > 

8824 ~ j U 

8826 -

8828- 15 

8830 

8832 

1 20 
8834 

8836 

8838 ~ 25 

8840 

8842 
30 -

o 10 0 o 10 20 30 0 10 20 30 40 50 60 70 0 
___ I _ 1 __ _ J _ _ J L __ L 1 _ L 

<f!. 
co 

i 
u Lbulirroicles% - Linflata% 

-1 -r-' T ---T-'---I r----r- --T-- 1 - 1- 1 

Fig. 13a. Relative abundance of pteropods in MC93 (929 m depth) 

10 20 0 

<f!. co 

~ 
c::: 
8 
U 

10 

~ 

'I!! 
Q) 

~ 

-....J 
W 



MC93 
(929m) E 

Husample ~ 
nuniler a 

~ 0 
- _. __ . ---- 0 

o o o 2000 200 4000 200 400 600 800 1000 12000 200 0 
.J _I . 1 .. _ _ L _ L . __ .I _ 1 I .. 



MC93 
(929m) § No. specirrens MesopeIagiclg 

Hu sample ~ (>149jJ)1g 
nuniJer ~ 

Mesopelagic% 

~ 0 400 800 1200 1600 2000 0 400 800 1200 1600 o 50 100 

o .L_.~J .~.~J. 1_ .l .. ~_.1 L __ .l ._. I. _L . __ .J._J 

8818 -i 5 

8820 

8822 -

~ 10 
8824 

8826·· 
I 

--....) 
Ul 

8828 -j 15 

8830 

8832·-

.1 20 
8834 

8836 -

8838 ~ 25 -

8840 

8842· 

301--- '----T-I-~T--l l---i '--I I -I 

Fig. 13c. Total abundance of pteropods and mesopelagic taxa in MC93 (929 m depth) 



MC93 
~ 

(929m) E G.rubefOlo G.sacculifer% G.siphonifera% Husample ~ 
nurrber a 

~ 0 10 20 30 0 10 20 30 40 0 10 20 30 0 

o _J __ 1 __ -'-_ 1 1 1_ I __ L _ L __ 1 _ 

8818 -I 5 -

8820 

8822 

1 10 
8824 

8826 

8828 j 15 

8830 

8832 

1 20 
8834 

8836 

8838 --j 25 

8840 

8842 
L-__ I 30 -t---r ---,-- -I 1--r--· -I --r----r- 1-----1 -- - T-- -I 

Fig. 14a. Relative abundance of planktic foraminifera in MC93 (929 m depth) 

as I/) 

~ Q) 
"C Q) 

G.glutinata% ;g > 'c :::I 
:::I .s:J 
0 

0° 0 10 20 

r 

~ 0 

~ 
as 
(3 
....,: 

0 0 

~ 0 
I/) .... 
Q) 
.r. -0 

'-l 
0\ 



MC93 
(929m) E 

Husample ~ 
nurrber a 

~ 0 

----- -- 0 

8818 5 

8820 --j -t , .!2' 
Q) 
III 

88~1 1) ~ 10 - :c 
8824 - - 0 
8826 -

8828 - 15 

8830 -

8832 , 

20 
8834 -

8836 

8838 =125 -

8840 

8842 -
I 

30 .--

o 

.!2' 
III 
S 
~ 0;:; 
:.: 
0 

J 

-1--

o 

.!2' 
III 
S 
U 

°0 
III 

u 

-1---

o 200 0 200 400 0 200 400 600 800 1000 1200 0 200 0 

__ J - j __ I 

.!2' .!2' 
I/) I/) 

°e Q) 
"0 .... °0 o -- ~ :c 

u :::l g .0 

..J ..J 

1------ 1 

L _ I. _I __ I 1 

Linflatalg 

-, -- -, - -r -, 

~ 
x 
~ 
c:: 
8 
U 

I. 

Figo 14bo Total abundance of pteropods (specimens/g dry sediment) in MC93 (929 m depth) 

~ 
Q) 
.c 
(5 

-...,J 
-...,J 



MC93 
(929m) § 

Hu sample ...... 
..c. 

number Q. 

c31000 

o 

8818 -I 5 

8820 

8822 -

-110 
8824 -

8826 

8828 -115 

8830 -

8832 -

120 
8834 

8836· 

8838 J 25 

8840 -

8842 -

30 i--

No.specimens 
(>149IJm)/g 

2000 3000 4000 
_ L __ _ 

--r - 1--

%P/B G. ruber% 

o 50 1000 10 20 30 0 

- 1 _ 1 

--1-1 1----

G. sacculifer.% 

10 20 30 40 o 

- 1 

10 

.1 

Others% 

20 30 40 

- 1 

Fig. 14c. Total and relative abundance of the main planktic foraminifera taxa and PIB ratio in MC93 (929 m depth) 

50 

-...l 
00 



MC93 
(929m) E Bulirrina% 

Hu sample ~ Bolivina% 
nurroer a 

Gyroidinoides% Neouvigerina% 
Heterolepa% 

~ 0 505 5 10 15 0 10 15 20 25 0 

o _L_~ 

8818 -I 5 

8820 -

8822 

110 
8824 

8826 

8828 j 15 

8830 

8832 

-/20 
8834 

8836 

8838 =/25 

8840 -

8842 
I 

30 -'----1 -T-- -, -1--

Fig. 15a. Relative abundance of benthic foraminifera in MC93 (929 m depth) 

000 5 

*' tV 
1::-

'0 
~­

I:: 

~-
-. :::l 

U. 

o ~-
~ 0 
:2 ,gj_ 
.Q ~ tV ._ 
.c .0 a. .... 
E- 8 
.9- .~ 
~ Cl 
f--

Cibicides% Miliolidae% 
Cancris% 

10 15 0 15 20 

_._1 ___ L_ 

II I 1 

-.l 
\0 



MC93 
(929m) E'#12m 

Hu sample .£. 
nurrber a 

#13 #14 #15 #16 #17a #17b #18b #19 'lf2.0 

~ 0 

-, 0 

8818 i 5 

8820 

o o o 

Astrononion% Textularia% Lagena% 

o 10 20 0 

1 

o 10 0 o 10 0 

~-
0 

M22 '~)~l r ( ),j( IU 
10 - ~. "m' -= -= . c: 

32 
8824 -1 - o· ~ :s :g e g. N c. "iii IU c: c: C/) .. If) E IU IU IU IU 8826-1 --II ~. I . g ....J 

.c 
0 

8828 -I 15 .1 .11 .11 a 

8830· 

8832· 

1 20 
8834 -

8836·· 

8838 ~125 
8840 -

8842 

301'-- -1'-- --r- -1'- 1'--- r-~I 1-- 1"--1 

Fig. 15b. Relative abundance of benthic foraminifera in MC93 (929 m depth) 

10 0 

*' If) 
0) 

:2 
c: 
o 
c. 
0) 
o 
-0 
::J 
0) 
If) 

a.. 

#* 

o 

~ o 
IU .... 
"0. 
If) 
o 
E 
o a 

others% 

10 

00 
o 



MC93 tr2 
(929m) E #1 Bolivinatg #3a 

Hu sample ~ Bulirrinatg Gyroidinoideslg 
nurri:ler a 

~ 0 15 0 15 0 15 0 

o L_I ~_L L ____ I 

8818 -I 5 

8820 -

8822 

~ 10 -
8824 

8826 -

8828 j 15 

8830 -

8832 

-120 
8834 

8836 

8838 -1 25 

8840 --

8842 

30 -t----I I~-r -1----1 

#4 
Neouvigrinatg 

15 30 45 
___ 1___'-- __ _I 

#5 #8 
Rosalinatg 

60 0 0 

_I L __ L_ 

Q> 
..!!! 
Q) 
c: :e 
8 en 
is 

- T ----r--- I --- --1 

#9 #11 #13 
Cibiddeslg Miliolidaelg Hanzawaiatg 

0 15 30 o 15 30 45 0 

1 1 _.L_ _ . _____ L __ .J ______ .I 

I 

Fig. 16a. Total abundance of benthic foraminifera (specimens/g dry sediment) in MC93 (929 m depth) 

00 ...... 



1VIC93 
(929m) E #14 #15 

Husample ~ 
nun1:ler £ c. 

~ 0 15 0 

o -L ____ I -.-

8818 -I 5 

8820-

8822 -

#16 
Astrononion/g 

o 15 30 
_____ I ___ I _ 

~ 10 ~ ~-~H~ 
:!: .g 8824- c. 0-
CI) - lZ 

8826 -

8828 j 15 

~ 
0 
.0 
0 a 

8830 

8832 

-j 20 
8834 

8836 

8838 j 25 

8840 -

8842 -
I 

#17a #17b #18b #19 #eo #* otherslg 
Lagenalg Glorrospiralg 

45 0 o 15 0 o 15 0 15 0 15 0 15 

--..I -.__ __ 1 1 _ __ 1 1 __ I 1 _I 

~ ~ 0)-

~ III III Ii; 
c- .;:: c- O) os: III 32 :g 
0- ~ ~- c -

.lI<: III 0 :s c. 0) E- O) 
0 I- III 0 
a::: ...J- "C 

:::l 
0) 
In 
0- J I -11 

30 -l -- --I ---I - - I -- -1 - I 

Fig. 16b. Total abundance of benthic foraminifera (specimens/g dry sediment) in MC93 (929 m depth) 

00 
tv 



Ltrochifomis% Lbulirroides% 
rvlC91 ~ 

(1782m) 5 
Hu safTlJle ;; 

nurrber ~ 0 10 0 10 0 
o J 

o 10 20 0 10 20 30 40 

I _J -1 __ _ o --._-- __.l_J .J __ .I_. __ . I _. __ 1. 

8791 -I 5 

::: ji 11 ~ ( i 10 - Q) :>: -

.m~ . ~. 
:>: 

8799 

15 
8801 . 

8803 

8805 ~ 20 

8807 

8809 

-1 25 
8811 -

8813 

8815·-1 30 

50 0 

1 --1 i~-, ~l~ 'h-'-~-l .. ~ -r---I~-T--· -1 - - 1 

Fig. 17a. Relative abundance of pteropods in MC91 (1782 m depth) 

10 20 

L __ L 

-, - -1 

Linflata% 

30 40 

.. 1 . _ I 

50 60 70 

_L_ .1 ... 1 

1 . 

C.convexa% 
others% 

o 10 0 

00 w 



MC91 __ 
(1782m) E 

Husample ~ 
nurrtler a 

~o 

o -

8791 -I 5 

8793 -

8795 -

o 5000 
__ --.-l 

8797 -

~ 

10 ~lI! ~ ~ 
'3 
~ .s; 

8799 

8801 

8803 

-I 

15 

.~~ 20 

8807 -j 

8809 -I 

25 
8811 j 
8813 j 
8815 -j 30 -

-1 
-88ll. 

~ 
0)-

:c u -
<J 

:> 
<J 

L trochifornislg Lbulirroideslg Linflatalg C.convexalg otherslg 

o 500 0 500 1000 1500 2000 0 500 1000 1500 2000 2500 3000 0 500 0 500 

_ L ___ 1 ____ J. __ .1 ___ J L_ J .. _. L .. .1 _, 

~ 
IU· 

B 
.(3 
IU 

<J 

,--,---T--' ---r- '--r-----r-·r- r 

Fig. 17b. Total abundance of pteropods (specimens/g dry sediment) in MC91 (1782 m depth) 

00 .a::. 



MC91 
(17B2m) E 

Hu sal'l1Jle ,£. 
nurrber a 

No.specirrens 
(149j.Jm)/g 

~ 0 500 1000 1500 2000 2500 3000 3500 4000 4500 

oL_. J .... 1 .. L..L. _.L __ 1 ._L__L _ . .1 

8791 -/ 5 

8793 

8795 -
_/10 

8797 

8799 

115 
8801 

8803 

8805 ~ 20 

8807 

8809· 

-125 -
8811 -

8813 -

8815 ~ 30 

-88j -- T i----l 

IVIesopelagidg 

o 500 1000 1500 2000 2500 3000 3500 

.1 I. . .. '- __ .1_ ... .I - 1 

·1· 

Fig. 17c. Total abundance of pteropods and mesopelagic taxa in MC91 (1782 m depth) 

Mesopelagic% 

o 50 100 

00 
VI 



MC91 
(17B2m) § 

Hu sample - G.ruber% G.sacculifer'lfo 
nurrber a 

~ 0 10 20 30 40 0 10 20 30 
o .1_. L_ L_._ .. _L. ___ ... 1 -' _____ L __ 1 __ ..I 

8791 -~ 5 

8793 --

8795 
~ 10 

8797 

8799 -

115 
8801 -

8803 -

8805 ~120 

8807 -

8809 

-125 
8811 

8813 

8815 ~13O 

1- 1 - T-----r--

o 

o. universa% 
G.siphonifera% 

10 20 30 0 0 

1 _ I. 

--, 
Fig. 18a. Relative abundance of planktic foraminifera in MC91 (1782 m depth) 

G.bulloides% others% 
G.glutinata% T.darkei% 

10 20 30 0 o o 10 

. J _ _.1. 1 . - 1 

- 1 - 1 -

00 
0\ 



1VIC91 
(1782m) E 

Hu safll>le ~ 
nun1:ler li 

~ 0 

o 

8791 -I 5 

8793 

8795 -
~ 10 

8797 

8799 

-L5 
8801 

8803 -

8805.~ 20 

8807 

8809 -

-l 25 
8811 --

8813 

8815 ~ 30 

1-1 

G.ruber/g 

500 1000 1500 

~ ___ 1 _ 1 

--r-l 

G sacculifer/g Gsiphoniferalg O. universalg Gglutinatalg G.bulloideslg others/g 
T.clarkei/g 

o 500 1000 1500 2000 o 500 1000 0 o 500 1000 1500 0 o o 500 
__ I __ 1 ___ 1 ____ .I ___ 1 _____ J_ _ __ L_ __, ___ J 

---1----r-----r--- 1 ----I ---I - - -, 
Fig. 18b. Total abundance of planktic foraminifera (specimens/g dry sediment) in MC91 (1782 m depth) 

00 
-....J 



MC91 
(1782m) ~ 

Hu sample ~ 
number 15.. 

~ 0 

o 

8791 -l 
5-

8793 

8795 
~ 10 

8797 

8799 

1 15 -
8801 -

8803 -

8805 ~12O 

8807 

8809 --

-125 
8811 -

8813 

No.specimens 
(> 149IJm)/g 

1000 2000 3000 4000 5000 
_L ____ ~ ___ 1 ___ 1 

"':~ 3O~1 ,- - r - r-----

%P/B G.ruber% 

o 50 100 0 10 20 30 

_ __.I ______ J __ L_ 

- --r ---l I" 

G.sacculifer% 

40 0 10 20 30 

_ J ___ L __ 

- I 1 

o 10 

- 1-

others% 

20 30 40 

Fig. 18c. Total and relative abundance of the main planktic foraminifera taxa and PIS ratio in MC91 (1782 m depth) 

50 60 

00 
00 



MC91 #f2. #3b 
(1782m) E Bolivina% Heterolepa% 

Hu sample ~ #1 #3a #4 
nurrber t Bulirrina% Gyroidinoides% Neouvigerina% 

~ 0 5 0 5 0 5 0 0 5 10 

o L.---.---J -'_---.-1 -' __ .J __ .J ... _L_._~ __ .L 

8791 -I 5 

8793 -

8795·· 
_110 

8797 

8799 . 

15 
8801 

8803· 

8805 ~ 20 

8807 -

8809· 

I 25 -
8811 

8813 

8815 J 30 

---88-11- .1··_·1 -r--·-l 

#5 
Rosalina% 

#9 
Cibicides% 

#7 
Tretorrphaloid% 

o 5 005 

t .. .. 1 

Fig. 19a. Relative abundance of benthic foraminifera in MC91 (1782 m depth) 

o 

#11 
Miliolidae% 

5 10 15 20 

.. J_. 1_ 

#12M 
transported% 

25 0 

.1 

00 
\0 



MC91 _ 
(1782m) 5 

Husample ;; 
nUnDer Q. 

~ 0 

o 

8791 -4 5 

8793 

8795 
~j 10 -

8797 

8799· 

l 15 
8801 

8803 

8805 ~ 20 

8807 

8809 

-l 25 
8811 

8813 

8815 -j 30 

1 

#13 
Hanzawaia% 

5 10 15 20 0 

I ~ ___ L_ .I 

--,-,----] 

#14 #15 
Spirillina% G10b0cassidulina% 

#16 
Astrononion% 

5 10 0 5 

1 .I __ ~~ ___ J 

--·-~T--

o 5 

.1. 

10 15 20 

1._ I 

25 

1 

~--r- ----T~ 1---'---- -

Fig. 19b. Relative abundance of benthic foraminifera in MC91 (1782 m depth) 

#17b #19 
#17a Textularia% #18b Lagena% 

Plotnikovina% Alliatinella% 

300 5 0 5 o o 5 

J 

l 

\0 o 



MC91 
(1782m) E #20 #* 

Hu sample E.. Pseudoeponides% Glomospira% 
number % 

~ 0 5 10 0 5 10 0 

o J __ J __ J 1 - -.I -

8791 -, 5 -

8793 --

8795 -

1
10 

8797 

8799 

115 
8801 -

8803 -

8805
1 20 

8807 

8809 -

25 
8811 

8813 

8815 -I 30 -

others% 

5 10 15 20 

_1-- _I _ 1 __ 1 

-----881-7- --,-----, r--j-'l--T-' - , 

25 30 35 

_ L 

Fig. 19c. Relative abundance of benthic foraminifera in MC91 (1782 m depth) 

\0 .... 



MC91 
(17B2m) E #1 #!2. #3a #3b 

Husample ~ 
nurrber =E. 

#4 #5 #9 
Neouvigerinalg Rosalinalg #7 Cibicideslg 

Tretorrphaloidlg 

#11 
Miliolidaelg 

#12M #13 
transportedlg Hanzawaialg 

~ 0 0 5 0 0 0 5 10 15 0 5 0 0 5 0 5 10 15 20 25 30 0 0 5 10 15 

o _L L ____ J L_ L_ L ___ L _ __ L ___ I 

8791 -l 5 

8793-

8795 

8797 

8799 

115 
8801 

8803 

8805 ~ 20 _ 

8807 

8809 

-/25 
8811 -

8813 

8815 ~ 30 

-88U-

I j( f -1) i-o g e-
In .- Q) 

- :2-- Q) 
e :::c 
>-
C) 

---- T- -----,-~ 

1 ___ J L__ _I ____ 1 __ -' _____ L _--.J ______ 1 __ 

--I - --I -r- -I --I -1-

Fig. 20a. Total abundance of benthic foraminifera (specimens/g dry sediment) in MC91 (1782 m depth) 

I"C) 
tv 



MC91 
E 

Husample ~ 
nurrber E.. 

~ 0 

#14 #15 
Spirillinalg 

5 0 

o +1---1..-
-

-

-

8791 J 5 

8793 -

8795-
J 10 

8797 -

8799 -

I 15 
8801 -

8803 

8805 I 20 

8807 -

8809 -

l 25 
8811 -

8813 -

8815 1 30 
-

AA17 -r-

~ 
~ 
:::l 
"0 
'iii 
I/) 

ri 
a 
.0 a a 

o 5 10 

#16 
Astrononion/g 

15 20 25 30 35 

#17a #17b #18b #19 #eo 
Plotnikovinalg Lagenalg 

o 5 0 5 0 

i 
iii 
.5 
jg 
< 

o o 5 

~ 
Fig. 20b. Total abundance of benthic foraminifera (specimens/g dry sediment) in MC91 (1782 m depth) 

#" otherslg 
Glorrospira/g 

o 5 o 5 10 

1.0 
W 



-E 
() -.r: 

15.. 
(]) 

0 

94 

Correlation of the cores 
MC88 (366m) 

o 

5 

10 

15 

20 

25 

30 

Eel 
MC98 (579m) 

0 
Eel 

MC93 (929m) 
;' , 

'1. ' 0 , 5 ;' 

'1. ' Eel 
;' , 

'1. ' , 5 , 
10 , 

10 
15 

15 
20 

L. bulimoides peak - 4200yr 
20 

25 

25 
30 

30 -L...-_------' 

Fig. 21 . Correlation of the cores: combined planktic foraminifera 
and Pteropoda zonation (datum line = L. bulimoides peak) 

MC91 (1782m) 

0 

Eel 

10 

20 

25 

-- -

30 



Core KL 11 (825 m) 

cm L. bulimoides % AMS C-14 
Dates (y) o 10 20 

10 

~_----.JI 2895 

I 
I 

! 

95 

i ~ (4400 - Estimated Age) 

i , 
I 

60 ~ 

70 

b 
I 

80 -'------' 

6005 

Core KL 13 (1166 m) 

L. bulimoides % 
o 10 20 

o I i 

10 J 
1 

20 ~ 
~ 

30 ~ 

J 
I 

, I i 

AMS C-14 
Dates (Y) 

J i 

50 ~ i -4 (4150 - Estimated Age) 

60 j 1-1--1 
4520 

, I 

70 ~ i 

ooL 
Fig. 22. L. bulimoides maximum abundance age estimation based upon AMS 
14C dates in cores KL 11 and KL 13, central Red Sea 



MC88 (366m) 

o 20 40 

G. sacculifer 

5 

10 

~ 
Q) 15 
c 

20 

25 

30 -+--""'--""---""--"1 --.: 

Estimated Age -4200y 

5 

10 

15 

o 

I 

96 

L. bulirnoides & G. sacculifer (%) 

MC98 (S79m) 

20 40 

MC91 (1782m) 

o 20 40 

o -1-1 --'-----'-----'-~-

l 
~ 
i 

1 MC93 (929m) 

o 2040 5j 

o +' ----'-----'-----'-----'-::;*", ~ 

10 1 
J 
! 
I , 

15
1 
~ 

20 1 
1 
~ 
-1 

25 j 
1 20 ., -~l 

1 25 1 I \ 25] 

30~ , 
J 
I 
I 

30 ~+---'-I --'1 -'--1 -.--, 

Fig. 23. Correlation between the relative abundance of both 
L. bulimoides and G. sacculifer in the four cores. 



E 
~ 
.c 
a. 
Q) 

o 

MC88 (366m) 

o 5 10 

20 

25 

30 +------;--------, 

97 

BULl MI NA 0/0 

MC98 (S79m) 

o 5 

5 , 

i 
J , 

10 ~ 
j 
~ 

I , 
""1 

15 ~ 

20 

I 
..J 

I 

-
I 

L.bulimoides peak -4200yr -;­
-; 

25 -! 
I 
] 

~L I I 

Fig. 24. Relative abundance of the benthic 
foraminifera Bulimina spp. in the multicores 

MC91 (1782m) 

MC93 (929m) 

o 5 

o 

5 

10 

15 

..J 

o 5 

0--

5 -

10 -

...J 
, 

...J 

30 I 



MC88 (366m) 

o 10 20 30 

10 ~ 

i ..., 
I 

-i 

15 j 

~ , 
l 

20 I 
...J 

~ 
..., 
I 

25 ..! 

i 

1 .., 
i ..., 

30 +I--,-----r--,-

98 

BOLIVINA% 

MC98 (S79m) 

o 10 20 

o +------'--,-J MC93 (929m) 

o 10 

o +'---.--'--
5 

5 
10 

J 
l 

20 

25 

25 
30 +------r--

Fig. 25. Relative abundance of the benthic 
foraminifera Bolivina spp. multicores. 30 +------._ 

MC91 (1782m) 

o 10 

15 

20 

25 

30 



MC88 (366m) 

0 5 10 

0 
J 
I ..., 
i 
~ 

J 

5 
I 

I 

10 

E J 
~ ! 

.c 15--j 

~ ~ 
c ' 

99 

GLOBOCASSI DULl NA 0/0 

MC91 (1782m) 

o 5 
MC98 (579m) 

O~--

o 5 

o 

5 

10 

15 

20 

MC93 (929m) j 
5 ~ 

o 
o ' 

5 ~ 

1 
~ 

10 : 

J 
15 J 

I 
I 

I 

5 

j 
-1 

15 ~ 
-i 
J 
I 

I 

20 ~ 
j 

I 

~ 
-j 

25 J 
1 

-1 
L. bulimoides peak -4200yr - ~ - -~ 

25 ~ 
I 

-1 
1 

...J 

I 

3OL-

20 1 
j 

25

1 

J 

J 
30 j 

+,--,----

Fig. 26. Relative abundance of the benthic 30 h 
foraminifera Globocassidulina spp. in the multicores 



100 

NEOUVIGERlNA% 

;; 
Co 
CD 
C 

MC88 (366m) 

o 10 

j 
I 

5 ...J 
I 

I 
I 
-i 
I ..., 

J 
i 

I ..., 
I 

MC98 (579m) 

o 10 20 

o +--.:--'----
J 

5 I 
I 
~ 

10 ~ 

1 
15 ~ 

1 
1 

,,1 
I 

L. bulimoides peak -4200yr t 
25 ~ 

"LL 
Fig. 27. Relative abundance of the benthic 

MC93 (929m) 

o 10 20 

o +: ---'r-~-

5 

20 

25 

foraminifera Neouvigerina spp. in the multicores 30 -j-----,---,---

MC91 (1782m) 

o 10 

o ..,.--~-

-
10 J 

~ 

] 
~ 

15 ~ 

j 
I 

-i 
20 ~ 

I 
l 

~} 
i 

30 J 
I .., 
I 



MC88 (366m) 

0 10 

0 

-1 
i 

-, 

--; 

5 i 

1 

101 

CIBICIDES% 

MC98 (579m) 

o 10 20 

MC91 (1782m) 

o 10 

O~:­
J 

; 

I 
10 MC93 (929m) -i 

I 

~ 
5 :5 

c. 
Ol c 

l 
--j l 

20 J 10 I 
--' , 

; i 
~ -1 

~ j 
25 ~ 

15 
I 

j 
--j I , 
..j -j 

i I 

I 20 -i 30 l-l 
~ 

L. bulimoides peak -4200yr t 
I 

I 
25 -j 

~ 
I 

--j 

Fig. 28. Relative abundance of the benthic 
foraminifera Cibicides spp. in the multicores 

o 10 20 

o +-:~~----.J 
-1 
J 
I 

-i 

5 1 

~ 
10 ~ 

1 
I 

15 ~ 

] 
_1 

! 

20 J 
I 

; 
"J 
30~ 

5 ~ 
-j 

i 

~ 

10 ~ 
J 

! 

j 



102 

MI II Oll DAE% 
MCSS (366m) 

o 10 

0-----..---

5 -
I 

MC9S (S79m) 

0 10 20 

10 --; 0 
, 

I 
! , 

.., 
~ 

5 
I -

-' 
! 

I 
20 ~ 10 --1 

-' 

~ 

~ 
1 

-
I 

25 ~ 15 -
I 

-
I I 

-, 

--' 

30 --~ 20 --' 

1 
L. bulimoides peak -4200yr T -

25 ~ 

1 

""1 
J 
i 

30 +-J-~~ 
I 

MC93 (929m) 

o 5 10 

o +---.---'-----' 
I 

I 

..., 

J 
5 ..., 

! , 
! 

..J 

..., 
1 

10 ~ 

15 ~ 

...,.. 

-i 

J 
! 

25 ..: 

J 
1 

j 
Fig. 29. Relative abundance of the benthic 30 -t-I--,--,-
foraminifera Miliolidae spp. in the multicores 

MC91 (17S2m) 

o 10 20 30 

o ~-----

5 -' 

10 ..., 

15 -

, 
20 ~ , 

j 

25 -i 

30 --j 



103 

ASTRONONION% 
MC88 (366m) 

o 10 

o --'--'-.--

5 

, 
1 

i 

I 
l 

10 ~ 

15 

I 
1 

I 
i 

1 
I , 
i 

20 ~ 

1 
25 1 

--; 
I --, 

-
i 

1 
30 +1-,-

MC98 (579m) 

0 10 

0 i 

MC93 (929m) i 
-1 

I --, 
I 0 10 20 

J 0 I 

5 ~ ~ 
I 

...j 
i I 

-1 ...j 

i I 

I ..; 

~ 5 ~ 
10 I ~ 1 

10 1 
l 

15 1 
~ 

, 
I J -I 

I I ..., 

20 j 15 ~ 

i ~,' L. bulimoides peak -4200yr J' 
20 ~ 

25 1 j 
1 I 251 

30 i-----r-- 1 

Fig. 30. Relative abundance of the benthic 30 ~ 
foraminifera Astrononion in the multicores 

MC91 (1782m) 

0 10 20 30 

0 
i -

J 
I 

-
1 

5 ..; 
--, 

~ 
! 

..J 

10 ~ 
..., , 
l 
1 
I 

15

1 
20 I 

i 
~ 

1 
I 

25 ~ 
I 

i 

~J 
I 



104 

HANZAWAIAO/o 
MC88 (366m) 

o 

MC98 (S79m) 
0 

0 I 

o 5 

10 ~ 

E 
~ 

15

1 

5 ;; 
c. 

1 
Q) 

Cl 

20 
10 1 

15 j 
I 

l 

30 L 20 
I 

L. bulimoides peak -4200yr 

25 

30 

Fig. 31. Relative abundance of the benthic 
foraminifera Hanzawaia in the multicores 

I 
...; 

I 
, 

MC93 (929m) -: 
I 

-j 

0 5 5 ~ 
0 ] 

I 
l 10 j j 

] 
15 ~ 

l 
20 I 

15 

- ~ - -
25 

- -1-
20 l 1 

l 
30 1 ~ 

~~ 
I 

""1 
~ 

30h 

MC91 (1782m) 

5 10 15 20 



105 

GLOMOSPIRA% 
MC88 (366m) 

o 
o ; 

MC91 (1782m) 

5 o 5 10 

J 
I 

MC98 (579m) 
o +i --'-----

10 ~ 

~ 

E 
~ I ..c: 15 
15.. 
Ql 
Cl 

20 10 

25 15 

30 +- 20 

L. bulimoides peak -4200yr 

25 

l 
I 

MC93 (929m) 1 
-1 

o 5 5 ~ 
0 

5 

10 

15 ~ 
I 

~ 

- ~o 1-
j 

-I 
.J 

J 

10 ~ 
-i 

,.j 
l 
I 

j 
I 

20 .J 

j 
! 

1 
25 ~ 

I 

- ~- -
-1 
~ 

30 ~ 

I 

Fig. 32. Relatwe abundance althe benthi~ ~ ~ 
foraminifera Glomospira charoides in the multicores 



106 

Multicorer location along a Red Sea transect 
between 3]01 O'E/19°40'N (off Port Sudan) and 39°50'EI20015'N 
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שונות.מיםמסותומאפייניםההתכנסות),(איזורהנוכחיהמונסוןלגבולדרומית , 19-200Nרוחבקוויבין

נוסףקידוח .) OMZה-(איזורמינימליחמצןבריכוזהמאופיינתהאמצעיתהמיםממסתנלקחאחדקידוח
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שמאספיכךעלומצביעלקידוחמקידוחמשמעותיבאופןמשתנהאינןהאופקיםעוביהאחרונות.שנה
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והאמצעית.העליונההמיםשכבתאתהמייצגים





הלאומיותהתשתיותמשרד

הגיאןלןגיהמבןן

בהולוקוהפלאואוקינוגרפייםהארועיםשחזור

סוףיםשלהמאוחר

אילמויעל

הטבע"במדעייימוסמךתוארלקבלתכחיבורהוגשהזועבודה

ירושליס.העברית,האוניברסיטההארץ,כדורלמדעיהמכוולגיאולוגיה,במחלקה

של:בהדרכתסנעשתההעבודה

ירושליס.הגיאולוגי,המכוואלמוגי-לניו,אהובהד"ר

ירושליס.העברית,האוניברסיטההארץ,כדורלמדעיהמכוולגיאולוגיה,המחלקהרייס,זאבפרופי
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תשנ"חאדרירושלים,
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