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Abstract

Themorphol ogy of the Mediterranean coastal plain of Israel

is dominated by coast parallel dune ridges of Quaternary
age. This study focuses on an exposed succesion at the
“Atlit Railroad Bridge” inthe Carmel coastal plain, whichis
comprised of four carbonated aeolianites (“kurkar”), inter-
bedded paleosols (mostly “hamra’), and one beachrock hori-
zon. The aeolianites are characterized by variations in
lithology and petrography due to facies differences during
deposition and early diagenesis. In general, the agolianites
formed under semi-arid conditions, whereas soilsdevel oped
during humid periods. Initial sand encroachment is docu-
mented by transverse ridges of barchanoid like dunes.
Further sand accumulation resulted in a vertical growth of
the dune sequence, when sand migration was hampered by
a vegetation cover. The temporal succession of the aeolia-
nitesisgiven by luminescence age estimatesfrom late OIS 6
onward. The associated climate record is in phase with
environmental fluctuations from continental and marine
climate archivesin the eastern Mediterranean and northern
Africa

1. Introduction

The Mediterranean coastal plain of Israel is characterized

by coastal dune ridges of Quaternary age. These elongated

ridgesrun parallel to the current shoreline and are generally

comprised of carbonated aeolianites (locally termed “ kurkar”)

and interbedded paleosols (locally termed “hamra’). The
investigated sites between Haifa and Atlit also incorporate
adistinct beachrock horizon. The coastal dunesof the Central

coastal plain, extending from Haifato Tel Aviv (Fig. 1), formed
during blow out processes along the beaches. The beaches
themselves are nourished by clastic sedimentsfromthe Nile
delta brought through Mediterranean counterclockwise
longshore currentsalong the coasts of Sinai and | srael (EMERY
& NEeev 1960, GoLbsviTH & Gotik 1980).

The sedimentological, petrographical, and genetical
relationships of the aeolian sediments and paleosols, the
associated changes in environment and climate, as well as
the stratigraphical position and temporal succession of the
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Fig. 1. Map showing distribution of kurkar ridges in the
Central coastal plain and the location of study area.



deposits have been widely discussed in literature in the past
decades. AvnimELECH (1962) and | ssar (1968, 1980) proposed
that each of the “kurkar ridges’ represents a single accu-
mulation phase, that the age of the sandstone ridges de-
creases from east to west, and that each ridgeisrelated to a
respective fossil shoreline. Soil forming periods have been
generally related to regressive marine stages and episodes
of enhanced precipitation (e.g. YAALON & DAN 1967, IssAR &
Picarp 1971). Studies of KARMELI €t al. (1968), FARRAND &
RoNEeN (1974), Ronen (1975), GvirtzmAN et al. (1984), and
Boenick et al. (1985) document that the coastal duneridges
are the result of several multi-phase and complex cyclical
events of sand accumulation and soil development. Neev et
al. (1987) proposed severa phases of tectonic activity along
coast parallel lineaments during the Quaternary, which
caused the linear morphological extension of the “kurkar
ridges’. Gvirtzman et al. (1998) concluded that the shore
near “kurkar ridges’ in the Sharon coastal plain are typical
longitudinal dunes, which result from coast parallel winds,
and formed simultaneously during the Last Glacial Stage.
TsoAR (2000) rejected this proposed model of longitudinal
dunes for the “kurkar ridge” formation and suggested that
the elongated ridges formed from typical foredunes.

A relative stratigraphy of the depositsis given by archaeo-
logical implement bearing horizons. Archaeological findsin
the Carmel coastd plain of Middle Paleolithic agearestrictly
confined to paleosols, demonstrating that the coastal plain
was deserted by humans during periods of sand accumu-
lation (FARRAND & Ronen 1974, Ronen 1975, 1977). Numerical
radioluminescence age estimates for the Quaternary
sequences in the Carmel coastal plain have been published
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by Ronen et d. (1999), showing major soil formation episodes
in oxygen isotopic stage (O1S) 5and OIS 4.

This study is part of a multidisciplinary project funded by
the German-Israeli Foundation for Scientific Research and
Devel opment, combining sedimentol ogy, pedol ogy, archaeo-
logy, and geochronol ogy. Theaim of the project wasto obtain
a detailed and reliable chronological framework based on
luminescence age estimates for the Quaternary sequences
along the Central coastal plain of Isragl, in order to estimate
theduration of desertification episodesand periods of human
habitation. The established luminescence ages of key
sections along the Carmel coastal plain and a detailed
chronostratigraphy are given in Neser (2002). Methodo-
logical aspects of the dating procedures, as equivalent dose
and pal aeodose determination, bleaching experiments, etc.,
will be presented in a further publication by FrecHen et al.
(inprep.).

Thisarticlefocuses on macro- and microscopic characteris-
tics of the aeolianites, exposed near the “Atlit Railroad
Bridge”, in order to establish facies criteria, to verify de-
positional and early diagenetic textures as well as their
relation to local or regional climate fluctuations during the
Quaternary.

2. Methodology

The Quaternary sequence at the “Atlit Railroad Bridge’
(Fig.1, Fig. 2) exposes several aeolianites, an intercalated
beachrock horizon, and interbedded as well as a covering
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Fig. 2: Crosssection of the*Atlit Railroad Bridge” site. Vertical exaggerationx 1,5.
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paleosols. The particle size distribution was determined on
dry samples after homogeni zation and removal of carbonates
by hydrochloric acid. Sieve sizeswere chosen according to
the Uppen-WEenTworTH @ grade scale for grain sizes with
mash sizes of @ gradesfrom O0to 5. Median and mean grain
sizes, sorting, skewness, and kurtosis (FoLk & WAaRD 1957)
were cal culated using SediVision 3.0 (BegumaGbR, Berlin,
Germany). Early diagenetic lithification processes of the
exposed aeolianites and beachrock wereinvestigated inthin
sections based on studies by FriEDMAN (1964), GavisH &
FriEDMAN (1969), and Abams & MacKenzie (1998). Infrared
spectra(IRS) were obtained by aFourier Transform Infrared
Spectrometer (Midac Corp., Mesa, California) using
potassium bromide pelletsat 4 cm collection resolution. A
HC2-LM hot cathode (Neuser 1988, 1997) was used for
cathodoluminescence (CL) analysis which have been
performed at operating conditions of 14 keV beam energy,
15 A mm? beam-current density, and 10 torr operating
vacuum. Elemental distribution mapsof Mg, Na, Sr, Fe, and
Mn were obtained by means of electron microprobeanalysis
(EMPA) using a JXA-8900 RL microprobe (Jeol Ltd.,
Peabody, MA, USA) operating at 20 kV accelerating voltage
and 40 nA beam-current density.
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Fig. 3: Schematic sketch. Geological history of section“Atlit
Railroad Bridge”. @) Aeolianite deposition and subsequent
hamradevel opment, succeeded by aeolianite accumulation.
b) Marinetransgression and beachrock deposition. ) Hamra
formation, aeolianite deposition and hardpan devel opment.
d) Aeolianite accumulation followed by hamradevelopment.

SeeFig. 2for legend.
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3. Resaults

3.1. Geological setting and tempor al succession of the
sediments

The outcrop at the“ Atlit Railroad Bridge” (ARB) displaysa
complex geological history, documented by ninelithological
units (Fig. 2). A conceptual sedimentological model is
depicted in Figure 3 and the tempora succession of the
deposits, given by luminescence ages in Neser (2002) and
from FrecHen et al. (inprep.), isvisualized in Figure4.

The visible base of the ARB section is composed of an
indurated aeolianite (Unit 1) which is characterized by its
massive appearance, whitish color and preserved cross-
bedding structures. The foresets are mostly tabular planar
and dip predominantly in westerly directions. Thiskurkar is
covered by acarbonated reddish, sandy hamra(Unit 2), which
formedin situ. Unit 3isamassivegrayish, nodular aeolianite
with carbonate concretions and abundant rhizolithes. This
kurkar isonly preserved in the southern part of the section.
The basal aeolianite (Unit 1) is truncated by a vertical
transition, resembling a “ paleo-cliff”. Along the suggested
abrasion platform beachrock has been deposited (Unit 4) at
an elevation of approximately 9 m above sealevel. The kurkar
B type aedlianite (Unit 3) inthe southern fringe of the siteis
covered by a sandy and weakly cemented, reddish hamra
(Unit 5). The morphological negative form of the “paleo-
cliff” inthe northern part of the sectionisfilled with kurkar
material (Unit 6). This grayish and partly nodular kurkar
shows weakly preserved tabular planar beds of moderately
high dipping angles to the northwest. Reduced sand
accumulation after the deposition of Unit 6 is documented
by acarbonaceous, caliche-like hardpan (Unit 7). Thewhole
siteiscovered by amassive grayish, nodular aeolianite (Unit
8). This uppermost kurkar is characterized by abundant
rhizolithes and weakly preserved bedding structures of
tabular planar beds which show low angle dips to the
northwest. Cavities on top of the Unit 8 kurkar arefilled by
brownish sandy loam hamra (Unit 9). Two caves (Unit 10)
developed within the aeolian sandstone of Unit 1.

3.2. Particlesizeanalysisof aeolianitesand beachr ock

Thelowermost part of the Unit 1 aeolianite at theARB section
iswell sorted with median and mean grain sizesaround 2.53
@, changing gradually into amoderately well sorted sediment
with median and mean values of 2.56 @in the uppermost part
of the unit. All samples of Unit 1 show a positive skewness
and a mesokurtic kurtosis. The kurkar of Unit 3 is
characterized by acoarser grain size with median and mean
grain sizes around 2.25 @, as well as a negative skewness
and mesokurtic kurtosis. In contrast, the exposed beachrock
(Unit 4) is moderately well sorted, median and mean grain
sizesaregivenwith 2.62t0 2.73 ¢, and the skewnessisvery
positive and kurtosis very leptokurtic. Subsegquent aeolian
sedimentation isdocumented by the kurkars of Unit 6 and of
Unit 8. The Unit 6 aeolianiteisvery well to well sorted, with
median and mean grain sizes around 2.45 @. Skewness is
negativeto nearly symmetrical and kurtosis mesokurtic. The
uppermost aeodlianiteof Unit 8isgenerally well to moderately



well sorted with finer grained median and mean valuesaround
2.50 paswell asanearly symmetrical to positive skewness
and meso- to leptokurtic kurtosis.

In summary, the exposed beachrock and aeolianites show
digtinct particle size attributes, expressed by varying median
and mean values as well as associated changes in skewness
and kurtosis (Fig. 4).

3.3. Petrography and mineralogy of aedlianites

Themain rock-forming mineral is subangular to subrounded
quartz, accompanied by feldspar, accessory heavy minerals,
and varying amounts of fossil components (Fig. 4). Thefos-
sil assemblage is usually represented by abraded marine
shellsand fragments of mollusks, corallinealgae, red algae,
echinoidea, and benthic foraminifera (mostly Miliolidea).
The aeolianites show distinct characteristicsin petrography
which are related to ateration processes of minerals and
carbonate cement precipitation. Quartz grains in thin
sections from aeolianites of Unit 1, Unit 6, and Unit 8 show
corroded grain margins. These corrosion embaymentsresult
from silicareplacement by carbonate cements during early
diagenesis. Rhizocretionsare commonin all aeolianites, but
most abundant in the Unit 3 kurkar, and are documented by
fine grained quartz fragments in a brown micritic matrix
surrounding former roots. Rock-forming particles adjacent
to rhizocretions show well devel oped brownish micriticrims
of fibrousneedlelikefabric. The Unit 6 and Unit 8 aeolianites
are characterized by ooidswith up to three concentric layers,
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superficial ooids, around quartz nuclei. Early diagenetic
lithification in all studied aeolianites is documented by
severa distinct generations of pore-occluding cements. In
general, the interparticle space has been occluded by
isopachous cement, grown perpendicularly to the surface
of particles. These micritic cementsare succeeded by micro-
sparitic to sparitic carbonate, resembling a drusy mosaic.
The latter cements are more pronounced in the aeolianites
of Unit 6 and Unit 8. Meniscuscement ispresentinall kurkars,
“rounding off” the remaining void where the primary pore
spaceis still open.

Accordingto infrared spectrophotometry, aragonite and low
Mg-calcite arethe major carbonate cement minerals. Quartz
grains appear blue in cathodoluminescence micrographs,
whereasfossils show abright orange color. Superficial ooid
rims around quartz nuclel sometimes appear in faint orange
colors, whereas other cortex and pore-occluding micritic and
gparitic cementsare nonluminescent. Elemental distribution
maps show no significant variations in the Mg, Na, Sr, Fe,
and Mn content within the micritic and sparitic pore-
occluding cements. Significant variations in the elemental
content are only present in the cortex cements. Brownish
microcrystallinerims, which arerelated to rhizolithes, show
a higher Mg, Fe, and Na content than the surrounding
micritic cements. Superficia ooidsaround quartz nuclel show
enrichment in the Mg, Na, Sr, and Fe content.

To conclude, the kurkars at the “Atlit Railroad Bridge’
section show distinct differences in textures and ateration
processes which characterize the aeolianites.

71

age [ka] | Medianand | skewness/ |marine fossil|  quartz phreatic vadose | Fig. 4: Compiled profile of
- mean [phi] kurtosis | cont. [vol.%] | alteration | rim cement | pore cement | cetion “ Atlit Railroad Brid-
s 74;17 250 positive/ 1020 abundant near roughly | g€e”. Novertical scale.

B ’ meso-and corrosion rhizolithes | isopachous | | yminescence age estimates

= leptokurtic embayments +drusy
_ +menisous | 17OM Neser (2002) and

o FrecHeN et dl. (in prep.).

‘=) Facies attributes by particle
Lo | 0 size characteristics and pe-
trographic textures. See Fig.
= 2for legend.

@ negative/ abundant near isc:?):gm)yus
= 4618 24 mesokurtic 40-60 eni%gorigrrlts rhizolithes +drusy
N v +meniscus
767
P8 positive/
3 2.68 leptokurtic rare roughly
f + negative/ corrosion abundant | 'Sopachous
1432 2.25 . 60 MeniSeUS

c . mesokurtic embayments
+drusy
S - abundant roughly
= 15331 2.56 p03|L|v?t/_ 20-40 corrosion hi neﬁ;; isopachous
== | mesokurtic embayments rnizoltnes | 4 meniscus
@

{\T\ S abundant roughly
AN positive/ . near .
\g | 2.53 mesokurtic 20 corrosion rhizolithes | isopachous

S embay ments +meniscus



NEBER, BoENIGK & RoNeN: Facies characteristics of aeolianitesnear Atlit - Carmel coastal plain, Israel

4. Discussion

4.1. Chronostratigraphy and facieschar acteristics of
aeolianites

The chronostratigraphic succession of the Quaternary ARB
exposures (Fig. 4) is given in Neser (2002), based on
[uminescence age estimates of FrRecHen et al. (in prep.). The
sequence shows four major sand accumulation stages from
~160 ka onward, succeeded by episodes of marine trans-
gression (~125ka) or soil formation (~140, ~80, ~70, and ~10
ka). The documented aeolianites show distinct macro- and
microscopic variations (Fig. 4) which can be attributed to
particular depositional and early diagenetic environments,
related to facies changes.

Initial aeolian sand deposition of atransverseridgeisdocu-
mented by the Unit 1 aeolianite, with an depositional age of
153+31 ka (Fig. 4). The kurkar appears massive and large-
scale cross bedding documents a barchanoid-like morpho-
logy. Dip directions of leeward sets indicate paleowind
directions to the northwest (as today, see GoLpsmiTH €t al.
1990). The particle size distribution documents sorting
processes during transport, due to aeolian forced migration
over a considerable distance. Early diagenetic corrosion
embayments of quartz grainsresult from silicareplacement
by invading carbonate (GavisH & FrRIEDMAN 1969, Goubie
1983). Silica dissolution and carbonate precipitation
processes proceed at pore fluid pH conditions from 8.4 to
9.6 (KasHik 1965, AmIEL 1975) which persist during subaerial
chemical processesin semi-arid regions (GARDNER 1983).
Pore-occluding micritic to sparitic carbonates are docu-
mented by roughly isopachous rims, drusy mosaic and me-
niscus cements. All cements appear non luminescent and
do not show significant variationsin element concentration.
MARsHALL (1988) and James & CHoueTTE (1990) have shown
that nonluminescent, Fe-poor calcite cements precipitate
under oxidizing conditionsat high Eh, resulting from bacteria
decay of organic matter. Hence, all pore-occluding cements
of the aeolianites precipitated under these conditions, which
arerealized in the vadose meteoric environment. The open
and uncompacted texture of the thin sections, aswell asthe
nearly homogeneous element distribution, furthermore in-
dicate arapid precipitation during early diagenesis without
significant changesin pore water chemistry.

The next major sand accumul ation occurred around 143+27
ka and is documented by the aeolianite of Unit 3 (Fig. 4).
This kurkar is characterized by abundant carbonate
concretions and rhizolithes, which indicate that the sand
was deposited under the restrictions of a vegetation cover,
when plants trapped the encroaching sand and caused a
vertical growth of the sequence. The particlesizedistribution
does not show any sorting effects during transport and the
sediment most likely accumulated close to the source, i.e.
the shoreline. In addition, the poor sorting is characteristic
of vegetated coastal dunes (McCann & Byrne 1989). For-
mer pore space is occluded by vadose meteoric cements,
like isopachous rims of roughly equant micrite, meniscus,
and drusy mosaic calcite. Detrital particles, juxtaposed to
rhizocretions, show brownish micritic cortex rims. None of
the carbonate cements shows zonation in cathodolumines-
cence. |n contrast, electron microprobe analysisrevea quan-
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titative variations of Mg, Sr, and Fe, with higher contentsin
brownish rim cementsin comparison to the pore-occluding
vadose cements. According to James & CHoQuETTE (1990),
high Mg-calcite dissolution processes cause a release of
magnesium and strontium in the percolating pore waters.
Dissolution of present high Mg-calcitefossil shellsand sub-
sequent re-precipitation of carbonate cements occurred
during thelithification of the aeolianites. Meteoric environ-
ment studies of McCrLalIN et al. (1992) showed highest Mg
and Sr valuesin the water column near the surface of fresh
water lenses, where reducing conditions persist. Mg and Sr
are incorporated in carbonate cements which precipitatein
thisenvironment. Lanp (1970), AmiEL (1975), and GARDNER
(1983) described high Mg, Sr, and Fe values in carbonate
cementswhich originated from areducing, phreatic meteoric
milieu. Consequently - as the brownish cortex rim cements
aremore pronounced near rhizolithes, and show higher Mg,
Sr, and Fe concentrations than the vadose pore-occluding
cements - these brownish cements most likely precipitated
inan at least temporarily phreatic environment of the water
saturated plant root rhizosphere, possibly related to episodes
of high precipitation.

Renewed sand accumulation between 4648 and 74+17 ka
(Fig. 4) lead to the elongated form of the exposed “kurkar
ridge” and is represented by the aeolianites of Unit 6 and
Unit 8. The distinct facies are separated by a carbonaceous
hardpan, formed in a semi-arid environment. Macroscopic
attributes are nodular carbonate, carbonate concretions,
cemented rhizolithesand small patches of weakly cemented
sand. The particle size distribution of the aeolianites
indicates a short transport path of the sands and shows
discrete differences between the kurkar units. Corrosion
embaymentsof quartz grains are documented in thin sections
aswell as meteoric vadose and phreatic pore cements. Both
aeolianites show abundant ooid cortex rims. These ooids
show faint to bright orange cathodoluminescence colors
and elemental distribution maps display higher Mg, Sr, Na,
and Fe concentrations, in comparison to meteoric cements.
These element concentrations, especialy the presence of
Fe, inthe cortex cementsindicate that carbonate precipitation
was most likely related to reducing conditions, associated
with aperiod of marinereworking of earlier deposited kurkar
material before renewed aeolian transport and accumul ation.
In summary, the aeolianites at the “ Atlit Railroad Bridge”
section formed under semi-arid conditionswith episodes of
enhanced precipitation, documented by rhizolithes and
related petrographic textures. Initial dune-sand accumulation
of barchanoid like dunes is documented by the Unit 1
aeolianite, which datesback to thelate Ol S6. The succeeding
aeolianites accumul ated when the dune system was already
stabilized by a vegetation cover and the plants acted as a
baffle and trapped the migrating aeolian sands. These multi-
ple phases of sand encroachment, represented by the Unit
3, Unit 6, and Unit 8 kurkars, resulted in vertical growth of
the sequence and the development of the morphological
form of the coast parallel “kurkar ridge”.

4.2. Paleoclimaticimplications

Severa sedimentary cycles of aeolian sand accumulation



and subsequent soil formation are documented in the
Quaternary sequence of the ARB section dating from late
OIS6to OIS 1. Theestablished chronostratigraphical record
of the sequence (Fig. 4), by luminescence age estimatesgiven
in NEeser (2002) with methodol ogical detailsin FRecHeN et al.
(in prep.), allows an interpretation in terms of paleoclimate
fluctuations. Semi-arid conditions with seasonal high
precipitation episodes are suggested for stages of sand
migration, accumulation and subsequent induration during
early diagenesis of four aeolianites (Unit 1, Unit 3, Unit 6,
and Unit 8). Surface stabilization is related to periods of
reduced sand accumulation and dense vegetation growth,
indicating distinct differencesin humidity during and shortly
after sand encroachment episodes. Prolonging intervals of
surface stabilization and favorable environmental conditions
led to periods of soil formation, documented as carbonaceous
hardpan (Unit 7) or paleosols (Unit 2, Unit 5, and Unit 9). Soil
formation occurred at around ~140, ~80, ~70, and ~10 ka.
TheUnit 2 hamrahorizon (~140 ka) reflectsahumid period
which clearly predates the marine transgression of OIS 5e,
as soil formation took place before the deposition of the
Unit 4 beachrock, which itself is associated with OIS 5e.
Similar environmental conditionsare postul ated from climate
archives in the Mediterranean region and northern Africa.
FrumkiN et al. (2000) postulated a period of high tempera-
tures, enhanced precipitation, and a dense vegetation cover
between 140 and 134 ka from speleothem studies in the
eastern Israeli mountains. | sotope studies of Red Sea cores
from HemLesen et al. (1996) showed ahumid episodewhich
peaked at 145 ka. Emeis et al. (2000) described an oxidized
remnant (“ghost”) of a sapropel formation period around
148 ka in cores from the eastern Mediterranean Sea.
McKenzie (1993) aswell asWeNDorr et a. (1994) described
lake level highstands from the eastern Sahara between 140
to 130 ka. Paleo-lake levelsin Kenya have also been high
during late OIS 6 with maximum elevations around 135 ka
(TrauTH et al. 2001).

Marine sediments related to OIS 5e are represented by a
beachrock horizon. The marine highstand is also
documented by beach boulder deposits along the Egyptian
coast which have been dated with 121+6 kaby EL-AsMAR &
Woop (2000). According to HemLEBEN et a. (1996), the
continental climate during this period in the Red Sea area
was characterized by humid conditions, with a maximum
humidity peak at 122 ka. Thetransitionfrom OIS6to OIS5in
the eastern Sahara and the broader north African region is
characterized by largefreshwater lakeswith high water levels
until ~110ka(McKenzie 1993, WenDorr et al. 1994). Anoxic
conditions in the Mediterranean Sea and high Nile river
discharge, triggered by a period of an intensive African
monsoon, lead to the deposition of sapropel S5 at around
125 ka (RossigNoL-Strick 1983, CHepDADI & RossiGNOL-
Srrick 1995, Lourens et a. 1996, Emeiset d. 2000).

The following hamra (Unit 5) is related to a humid period
which centered at around 80 ka, whereas the subsequent
carbonaceous hardpan (Unit 7) merely reflects a period of
reduced sand accumul ation, which enhanced soil formation
at around ~70 ka. The pluvia stage is also documented in
thecaverecords of the I sragli mountains, whereit wasdated
in between 80 and 70 ka (KAurmAN et al. 1998). HEMLEBEN €t
al. (1996) detected ahumid peak at around 80 kain records
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from the Red Sea. In addition, Wenporr et al. (1994) and
TrAuTH et al. (2001) postulated a phase of increased
precipitation prior to 70 kain the eastern Ssharaandin Kenya,
respectively. Similar pluvial conditionsare also documented
inmarinerecordsby sapropel formationin the Mediterranean
basin which occurred between 85 and 80 ka (RossiGNOL-
Srrick 1983, CHEDDADI & RossieNoL-Strick 1995, Emeiset al.
2000).

The uppermost hamra(Unit 9) inthe“ Atlit Railroad Bridge”
sequence formed around ~10 ka. Cave records in Isragl,
studied by Frumkin et al. (2000), document that the period
from 13 to 11 kais characterized by enhanced precipitation
and high temperatures. MacARrITz (1986) and GoriING-MORRIS
& GoLbeeRG (1990) postulated a humid episode and soil
formation stage from 14 to 11 ka for the northern Negev
desert. This period of enhanced precipitation is aso docu-
mented in the Red Searecordsfrom 13 kaonward (ALmoGl-
Lasinetal. 1991, HemLEBEN et . 1996). WiLLiams et d. (2000)
reconstructed wet and warm climatic conditionsfor the phase
from 11.5to 11 kafrom sediments at the White Nile Valley,
Sudan. The marine record of the Mediterranean displays a
humid episode with sapropel development with atemporal
offset to the continental archives at 8 ka, according to
RossieNoL-Strick (1983), and Emeis et al. (2000).

In summary, all humid episodeswith associated soil formation
inthe“Atlit Railroad Bridge” site are also reflected in other
paleoclimate archives in the broader Mediterranean region
and northern Africa

5.Conclusions

The exposed “kurkar ridge” at the “Atlit Railroad Bridge”
section displaysfour major sand accumul ation stages either
succeeded by soil formation periods (~140, ~80, ~70, and
~10 ka) or truncated by beachrock deposits (~125-120 ka).
The documented aeolianites show distinct variations in
macroscopic appearance, particle size distribution, and
microscopic textures. These characterizing differences of the
kurkars are related to facies differences. In general, all
aeolianites are associated to semi-arid climate conditions
during deposition and early diagenesis, with seasonal
episodes of enhanced precipitation. Soil formation episodes
are related to periods of enhanced precipitation.

The basal aeolianite of the section most likely resembles a
transverse ridge with abarchanoid like morphology. Large-
scale leeward cross beds indicate paleo-wind directions
similar tothe presently prevailingwind regime. Thisaeolianite
wasmost likely deposited in considerable distance fromthe
source, when beaches were more to the west during a stage
of low sealevel and sand migration was enhanced or even
forced by a transgressing sea. Subsequent sedimentation
of the shore near and already vegetated dune system is
documented by an aeolianite, which is characterized by
abundant rhizolithes. Encroaching sand was trapped by
plants and resulted in vertical growth of the sequence.
Renewed sand migration episodes|ead to the el ongated form
of the “kurkar ridge”. Hence, it seems conclusive that the
coastal dune ridge formed from multiple stages of sand
accumulationfromlate Ol S6 onward. GvirtzmaN et a. (1998)
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proposed that dune development occurred during a single
event aslongitudinal dunesduring the Last Glacial, whereas
TsoaRr (2000) suggested aridge devel opment from foredunes.
Both hypotheses have to be questioned. The complex
sequence at the “Atlit Railroad Bridge” shows several
periods of dune sand accretion and subsequent periods of
dune stabilization from OIS 6 onward, withinitial dune sand
sedimentation of barchanoid like dunes.

The facies attributes of the sedimentsthat form the “kurkar
ridges’ are related to climate fluctuations. The temporal
succession of the exposed aeolianites and paleosols is in
phase to continental and marine paleoclimate archives
throughout the Mediterranean and northern Africa. The
chronological record of the sedimentary sequences,
associated facies and environment fluctuations, at the“ Atlit
Railroad Bridge” in the Carmel coastal plain document a
sensitive and important pal eoclimate archive from the late
OIS61t0 OIS 1inthe Mediterranean region.
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