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ABSTRACT. During the Last Glacial Maximum two prominent Near East depressions were filled with vast internal lakes: Lake
Lisan/Dead Sea and Lake Van/East Anatolia. Both lakes lefi ferraces compased of carbonate/detritus laminae and gypsum beds
{in case of Lake Lisan). Here we present a study of geochemistry, mineralogy and sedimentology from two sites on the Jordan side
of the Dead Sea rift valley. Elemental distribution was investigated within the finely laminated sediments by microprobe. The
‘normal’ sedimentation cycle is characterised by alternating clay and aragonite layers. In Lake Lisan periods of drought are
identified by annual triplets of clay, aragonite and gypsum. "C-dates yield information about past lake levels. Comparison of lake
level fluctuations between Lakes Lisan and Van revealed equivalent amplitudes, but the simultaneily of their phases still has to be

shown.
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Introduction

Between 70 and 15 ka the Dead Searift was occupied by a large,
saline lake: Lake Lisan (e.g. Kaufmann, 1971; Schramm, 1997).
It left terraces of up to 50 m thick laminated, i.e. varved, marl
deposits (the Lisan Formation) (Begin et al., 1974). They rest
unconformably on either older lacustrine sediments or bedrock
of various age. Laminae alternate between light aragenite and
dark detrital layers (e. g. Stein et al., 1997). Holocene sedi-
ments, up to 20 m thick, occur in fan delta regions near the Dead
Sea shore consisting of detrital clay and authigenic aragonite as
well (Migowski et al., 1998).

Methods and material studied

Two profiles were sampled. Profile LSM1 (32°00.2'N,
35°32.3'E) is situated about 7 kin NW of the city of Karama.
Here, the Jordan river has cut through over 50 m of deposits.
The profile top is at 305 m below m.s.l., but patches of sedi-
ment and microbialites occur nearby as high as 280 m below
m.s.l.. Profile LSM2 (31°17.3'N, 35°28.1'E, top at 370 m below
m.s.l.) is located on the Lisan Peninsula, the type locality of the
Lisan Marls. Two sample series were collecied from the upper
26 m of each profile: a set of ca. 40 discrete samples for geo-
chemical analyses and a continuous profile - using metal boxes
overlapping each other - for the preparation of thin-sections
and polished plates. Set 1 was used to conduct X-ray diffrac-

tion (XRD) and CNS-analyses. Distribution of Si, Al, Ca, Mg,
S, K and Fe within the varves were studied on six thin-sections
using a microprobe.

Results and discussion

Fig. 1 shows the lithology, chronology and geochemistry of
the two profiles. The upper 10 m of LSMI consist of dark
laminated clay and silt, intercalated by non-laminated sec-
tions with several sand layers. Whitish coloured, laminated
clay and silt mark a thin horizon at 2 m and a thick one from
10 to 21 m. Within the latter, sections with deformed lamina-
tion caused by slumping are observed. These occur preferen-
tially below layers with elevated detritus content and may be
caused by earthquakes (seismites, Marco et al., 1996). Dur-
ing an earthquake sediments are consolidated, causing
the pore water to move upward. This flux may be blocked by
the detritus rich layers leading to a pore water supersatura-
tion and hence to sliding planes. Severely slumped sections,
sand layers and turbidites mark the dark sediments of the low-
est profile section.

The most striking feature of profile LSM2 is the alterna-
tion of horizons dominated by gypsum or aragonite. Under
the arid climate of the Lisan peninsula the gypsum layers are
resistant to erosion forming flat, step-like platforms promi-
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Fig. 1. Lithology, ct logy and g I results of profile LSM1 and LSM2_ Results of sulphur and inorganic carbon analyses

were recalculated as gypsum and CaCO,, respectively. The distribution of caleite and aragomite was distinguished by fitting
their peak height, obtained from semi-quantitative XRD-analyses, versus the quantitative CaCO -analyses with a multivari-
ate general linear hypothesis resulting in a R?of 0.87 and 0.95 for LSM1 and LSM2, respectively. Lithogenic-content was
calculated as 100 - gypsum -aragonite - C_ (as CH,0). Vertical dotted line represents mean values
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nentat 18 and 12.5 m and at the top of the profile. Here, the
gypsum is partly covered with benches of arenitic limestone
of microbialitic origin dated to 15,180 £ 140 years BP by
conventional and to 14,670+ 70 years BP by AMS "C-meth-
od. Except in some massive horizons containing nearly ex-
clusively gypsum, aragonite as well as gypsum alternate with
detritus laminae at a millimetre scale throughout the entire
profile.

Additionally low Mg-calcite, halite, quartz and feldspars
were identified by XRD-analysis. The positive correlation be-
tween the concentrations of quartz, undoubtedly of alloch-
thonous origin, calcite and feldspars suggest that these miner-
als are also allochthonous, in contrast to aragonite and gypsum
which are precipitates from the lake water column (e.g. Yechie-
lietal,, 1991). Gypsum horizons, representing drought periods
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Element distribution within varves measured by mi-
croprobe. Data were smoothed by a running average
over three values. Top peints to the right. a) Alternat-
ing aragonite/detritus laminae of LSM2 at a depth of
14.1 m. Vertical resolution is 47 measurements per mm.
b) Lamination within a gypsum dominated sequence
of LSM1 at a depth of 11.6 m, scanned with a resolu-
tion of 131 measurements per mm.

(e.g. Stein etal., 1997), were predominately followed by layers
with lithogenic detritus indicating flushing and a low lake lev-
el. Anhydrite was found only in 3 samples of LSM2 but its
environmental significance remains unclear. At 3 m profile depth
microbialites were found, they can be clearly distinguished from
the normal sediment by their high content of organic carbon
and aragonite. Overall the proportion of autochthonous miner-
als is higher in LSM2, while lithogenics prevail in LSM1. As
aragonite is an indicator for lake deposits, the facies of the sec-
tions 3-10 mand > 23 m of LSM1 were shallow limnic or del-
taic.

The “C-ages arc given without calibration to allow com-
parison with data from the literature. Depending on the age and
on the calibration curve used, 1-3 ka have to be added io the
4C-ages obtained for organic carbon. The reservoir effect for
aragonite ranges from 3.4 to 5 ka (average 4 ka, see Schramm,
1997). The sedimentation rate resulting from the two dated lay-
ers of LSM2 amounts to ca. 0.8 mm per year. This is in accord-
ance with the first varve count conducted during sampling,
Dating results from LSMI are less clear. Two dates from a depth
of ca. 16 m do not follow stratigraphic order. Also the lime
difference between the 5.6 m and the 16 m samples are less
than half that of the varve count. Both inaccuracies could indi-
cate redeposition of charcoal or slumping. To clarify this OSL-
dating is in progress.

Microprobe analysis shows positive correlation between Al
K. Mg, Si and Fe. Their peaks, representing the detrital phase,
is normally followed by a Ca-peak (Fig. 2a). The latter shows
suw-tooth pattern with a sudden onset and a slow decline. In
sections with high S contents, however, three phases can be
identified, with a sulfate phase following the detrital and arag-
onitic layers (Fig. 2b). Upon evaporation in summer first the
€aCO, saluration is surpassed before that for gypsum. The scat-
ter of the Ca-curve with the onset of the S-peak is caused by
weak emissions (see sum of counts: Fig. 2b).

Several attempts were made to reconstruct the lake level
curves of Lake Lisan and the Dead Sea (Fig. 3). There is suffi-
cient agreement on the amplitudes of Dead Sea level changes
but there are discrepancies as to their timing due the differing
interpretations of the “C-dates. Timing and amplitude of Lake
Lisan fluctuations is still intensively discussed. Re-examina-
lion of seismic reflection profiles of the Dead Sea basin re-
vealed five cycles of low- and high-stands with a major ero-
sional event at sequence 2, which is correlated to channel inci-
sions at the final retreat of Lake Lisan (Niemi, 1997). Based on
the observation of a drainage system presently underwater, Neev
and Emery (1967) suggested that the lake level dropped to about
700 m below m.s.l. during the transition between Lake Lisan
and the Dead Sea. A hiatus in a sediment core retrieved from
the Zeelim plateau (-394 m m.s.l.) indicates an erosional (or
non-depositional) period from 21.1-11.3 ka followed by an arid
phase recorded by a 6.5 m thick layer of halite that ended prior
to 8.4 ka (Yechieli et al., 1991).

For comparison the lake level curve of Lake Van, located
ca. 1000 km NE of the Dead Sea, is given (Fig. 3). Its recon-
struction is based on 19 sediment cores, lake lerraces and wave-
cut benches (Landmann et al,, 1996a). The time scale of the
record is based on a varve chronology, which places the transi-
tion Pleistocene/Holocene at 10.9 ka cal. (Landmann et al.,
1996b). Between 19 ka cal. and 15 ka cal. Lake Van fell dry,
matking a reduction of the lake level by 500 m. As it is unlikely
that such drastic event is based on regional climate conditions
only, it must be assumed that the dry-up of both lakes happened
simultaneously.
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Fig. 3. Reconstruction of the level of Lake Lisan/Dead Sea according to different authors and of that of Lake Van (Landmann et

al., 1996a). Lake Van fell dry at around 135 ka BP. The time scale succeeding that hiatus is based on varve chronology,
older section of curve is based on calibrated “C ages. Uncorrected “C dates (see text) on charcoal and carbonate of
microbialites and the related level of Lake Lisan are included.
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