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Útdráttur 
Lýst er setlögum úr hinu forna Lisanvatni, forvera Dauðahafsins frá síð-pleistósen. Sýni 
voru tekin úr námu við ána Jórdan rétt sunnan við Galíleuvatn og setlögunum lýst í 
smáatriðum. Á rannsóknarstofu voru sýnin undirbúin til athugunar á því 
setmyndunarumhverfi sem þau mynduðust í. Dreifisneiðar voru útbúnar úr sýnunum og þær 
skoðaðar í smásjá til að kanna samsetningu smæstu agna setsins. Einnig var efni eins og 
bergmylsnur, skeljabrot og smásteingervingar greint í sýnunum eftir að þau höfðu verið 
sigtuð. Niðurstöður rannsóknarinnar leiddu í ljós að setlögin í námunni hafi að öllum 
líkindum myndast í Lisanvatni á þeim tíma sem það var sameinað við Galíleuvatn fyrir um 
19,000-31,000 árum síðan. Kalsít og steingerðar skeljar ferskvantsskelkrabba í setinu benda 
til þess að hið salta Lisanvatn hafi á þessum stað gætt ferskvatnsáhrifa frá Galíleu í norðri. 
Blöndun vatnanna tveggja varð til þess að setmyndunareiginleikar Lisanvatns á þessu svæði 
urðu frábrugnir hinum dæmigerðu setmyndunareiginleikum sem áttu sér stað í vatninu öllu 
sunnan við rannsóknarsvæðið.  
 

Abstract 
Sediments in an exposed section in a quarry in the Jordan River Valley, about 6 km south 
of the Sea of Galilee, were investigated in order to shed light on their depositional 
environment. The sediments of the Quarry section were described in detail in the field and 
sampled for subsequent analyses. Lab treatment of the samples included smear slide 
production and sieving. The results from the smear slide analysis, sieve residue analysis and 
microfossil count data were used to interpret the depositional setting in which the sediments 
were produced. The fine-grained and homogenous characteristics of the sediments and their 
location at -214 m asl. suggest that the deposits were formed in the hypersaline Lake Lisan, 
the Pleistocene precursor of the Dead Sea, sometime between 31,000 and 19,000 years ago. 
Abundant calcite and shells of the brackish water ostracod Cyprideis torosa in the 
sediments, as well as additional shells of species such as Humphcypris subterranea, 
Heterocypris salina and Ilyocypris sp. in the samples indicate that the water at the location 
of the Quarry section was at least partly mixed with freshwater from the Sea of Galilee 
region in the north. The sediments were likely produced when Lake Lisan and the Sea of 
Galilee existed as one unified waterbody. This unification resulted in more fresh conditions 
of Lake Lisan at the Quarry section location than those that typically occurred in other 
regions of the lake further south.  
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1 Introduction 

1.1 Previous studies: Lake Lisan in the last 
  glacial 20,000-35,000 years B.P. 
Several water bodies have occupied the tectonic depressions along the Dead Sea Transform 
(DST) fault in Israel since the early Pliocene. Lake Lisan, the Pleistocene precursor of the 
modern day Dead Sea, existed between 70,000-14,000 years before present (B.P.) and occupied 
the Dead Sea Basin and the lower Jordan River Valley (JRV; figure 1; Stein 2014). The lake 
reached its maximum water-level stand of -165 m above sea level (asl.) between 27,000-24,000 
years B.P. (Stein 2014). During the period of maximum lake level, the lake merged with the 
Sea of Galilee, forming one unified waterbody. In the present day, the Sea of Galilee and the 
Dead Sea are each located in pull-apart basins along the DST fault. The two differ in both 
physical and chemical properties. The Sea of Galilee is a fresh flow-through water body with 
the Jordan River entering the lake from the north and exiting in the south, thus constantly 
supplying the lake with fresh water. The river continues southwards through the Jordan Valley 
and enters the Dead Sea, a hypersaline terminal lake with salinity over eight times higher than 
mean ocean water salinity (Stein et al. 1997; Hazan et al. 2005). The waters in these lakes 
originate from a dense Ca-Cl brine, initially formed in the late Neogene Sedom Lagoon, and 
freshwater from the watershed (composed of water from the Jordan River, springs surrounding 
the lakes and runoff water).  
 
The Sea of Galilee is comprised of freshwater from the Jordan River and other rivers and 
streams in the area, and saline water from springs within and around the lake and in the 
catchment area. The properties of the water body derived from these sources cause the 
precipitation of primary calcite in the lake. The sediments of the Sea of Galilee are comprised 
of layers and laminae of the authigenic calcite and redeposited detrital material transported to 
the lake by rivers, streams, springs, runoff and wind.  
 
The water in the hypersaline Lake Lisan (present-day Dead Sea) contained a mixture of the Ca-
Cl brine and bicarbonate-containing freshwater from the watershed which was primarily 
supplied by the Mediterranean winter rains (Stein 2014). It has been demonstrated that the lake 
was stratified at times of high water levels, due to extensive supply of freshwater to the lake’s 
dense brine. In these circumstances, aragonite precipitated from the surface water. During the 
times of low lake level, evaporation exceeded the rate of precipitation in the lake causing the 
density stratification of the waterbody to diminish and the precipitation of gypsum to occur. 
The precipitation of aragonite and gypsum in the Lisan Formation (Fm.) is the result of the 
alkaline properties of the HCO3- freshwater and Ca-Cl brine comprised waterbody of Lake 
Lisan. Therefore, the Lisan Fm. is characterized by a cyclic stratigraphy of gypsum layers and 
aragonite laminae, along with silt-sized detritus material (e.g. calcite, dolomite & quartz). The 
aragonite layers occur in alternating laminae of a0.5-2 mm of aragonite and detrital material, 
and the gypsum occurs mainly in well-defined beds of varying thickness. Due to the salinity of 
Lake Lisan, no burrowing organisms lived at the bottom of the lake. The layering structure of 
the sediments at the bottom of the lake was left intact from the time of deposition and the 
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original relative positions of the layers were preserved, making the Lisan Fm. an excellent 
archive of the environment and climatic conditions in the Eastern Mediterranean region (Stein 
et al. 1997; Hazan et al. 2005; Stein 2014). 
 
The Sea of Galilee occupies the Kinnarot Basin in the northernmost part of the lower JRV and 
the Dead Sea occupies the Dead Sea Basin in the southernmost part of the valley. Major 
changes in lake levels of the Sea of Galilee and Lake Lisan occurred simultaneously and during 
the time of maximum lake levels, the lakes merged into one unified waterbody (Stein 2014). 
During the existence of the unified waterbody, Lake Lisan reached its maximum extent, 
reaching past the modern day north margin of the Sea of Galilee in the north to Hazeva in the 
south (figure 1A). Laminated Lisan-style sediments have only been recorded as far north as 
Menahemya (figure 1B), presumably because the water masses never mixed enough in the 
northern basin to promote the precipitation of aragonite (Hazan et al. 2005). Two sills are 
located in the northern part of the lower JRV; the Wadi Malih sill (-260 m asl.) about 40 km 
south of the Sea of Galilee and the Yarmouk sill (-200 m asl.) about 5 km south of the Sea of 
Galilee (figure 1A). The northernmost known occurrence of Lisan-type sediments (containing 
aragonite) is at the Menahemya site (figure 1B), south of the Yarmouk sill. This indicates that 
the bicarbonate Ca-Cl brine of Lake Lisan never crossed the Yarmouk sill and furthermore 
suggests that the Yarmouk sill acted as a threshold between the lakes. It has been suggested 
that the Sea of Galilee acted as an estuary that supplied Lake Lisan with freshwater during the 
time of convergence (Stein et al. 1997; Hazan et al. 2005; Stein 2014).  
 
Precipitation in the catchment and the regional hydrology were dominated by the Atlantic-
Mediterranean rain system. Lake Lisan’s water level was highly dependent on rain originating 
in the Eastern Mediterranean and its limnology has therefore been studied thoroughly in the 
last decades due to its potential as an indicator of climatic conditions in the region. The age of 
the Lisan Fm. is known with good certainty, and Lake Lisan’s shorelines and water chemistry 
are also well known. The time of Lake Lisan’s existence coincides with the Last Glacial 
Maximum in the northern hemisphere and the lake’s history has shown correlation between 
high water levels during glacial episodes and low water levels during interglacial periods (Stein 
2001). However, oxygen isotope records studied from speleothems in Soreq and Peqiin caves 
in Israel suggest a possibility of rainfall from southern sources during the general arid 
interglacial trends. These studies suggest that the trend of the Mediterranean Sea as a strong 
influence on the precipitation in the Eastern Mediterranean only began about 7000 years B.P. 
(Bar-Matthews et al. 1999; Bartov et al. 2002; Bar-Matthews et al. 2003; Hazan et al. 2005). 
Discrepancies between the Lisan Fm. and the Soreq and Peqiin cave records indicate the 
necessity of further investigation on the matter of climate conditions and sources of humidity 
in the region during glacial periods.  

1.2 Objectives 
The current study is a preliminary investigation of sediments in the Lisan Fm. at a new 
exposure, collected in the northernmost part of the lower JRV, six kilometers south of the Sea 
of Galilee. The aim of this research is to examine these sediments to interpret the depositional 
environment of the unified waterbody of Lake Lisan and the Sea of Galilee, in order to better 
understand the mixing conditions between the two waterbodies.  
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2 Study area 

2.1 Topography and geology 
The study site, a quarry wall, is located about 6 km south of the Sea of Galilee at approximately 
-204 m asl. (figure 1; Hazan et al. 2005). The Sea of Galilee is a freshwater lake situated in the 
northern part of the country, between the Golan Heights in the east and the Galilee region in 
the west. The Jordan River flows from the north of the country, through the Sea of Galilee, 
continues through the lower JRV and enters the Dead Sea. The Yarmouk River, the second 
largest river in the drainage basin of the modern Dead Sea, flows from the border of Jordan 
and Syria in the east and enters the Jordan River about 1 km southwest of the Quarry section. 
The area is affected by the DST fault which results from the left lateral movement of the 
Arabian Plate along the African plate. The DST has accommodated a displacement of about 
105 km and resulted in the formation of a series of pull-apart basins along the fault (e.g. the 
Kinnarot Basin and the Dead Sea Basin; Ben-Avraham et al. 1996). The topography is 
characterized by a large altitudinal gradient, from the -210 m asl. elevation of the Sea of Galilee 
to up to >1000 m asl. in the Upper Galilee region. The area around the Sea of Galilee consists 
of Pliocene basalts, Eocene limestones and chalk, and Neogene sandstones. This is overlain by 
Holocene alluvial material in close proximity to the lake (Sneh et al. 1997; Heimann & Braun 
2000).  

2.2 Climate and vegetation 
The region is located between the Sahara-Arabia desert belt and the Mediterranean climate 
zone, with mild and wet winters and hot and dry summers. The large altitudinal gradient causes 
climate differences between areas in the region, e.g. the climate of the Sea of Galilee region is 
considered to be hot semiarid. The mean annual temperature in the city of Tiberias on the 
western shore of the Sea of Galilee (at -210 m asl.) is 21.7°C (with mean monthly temperature 
of 13.1°C in January and 29.1°C in July) and the mean annual precipitation is 393 mm. In 
contrast, the mean annual temperature at the volcanic maar lake Birkat Ram in the Golan 
Heights (at 944 m asl.) is 15.9°C (mean monthly temperature 6.1°C in January and 23.4°C in 
July). The mean annual precipitation at lake Birkat Ram is 824 mm, which is over two times 
more than the rainfall at Tiberias (Mischke et al. 2014). The vegetation in the area around the 
Sea of Galilee is reflected by these climatic conditions. Mediterranean savanna-like vegetation 
is found both north and south of the lake, stretching more than halfway through the lower JRV 
south towards the Dead Sea. Herbaceous vegetation dominated by Ziziphus lotus covers the 
area to the west of the Sea of Galilee and a park forest of Quercus ithaburensis to the east 
(Danin 1992). 
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Figure 1 - Location maps, the position of the Quarry section marked with a red star. A: The 
shaded (grey) area represents the lower JRV. The black outlines of the valley mark the area of 
Lake Lisan’s maximum extent at -165 m asl. The Sea of Galilee in the northern part of the 
valley and the Dead Sea in the south. The Jordan river flows from the north, through the Sea 
of Galilee, through the lower JRV to the Dead Sea. Yarmouk River enters the Jordan river 
south of the Quarry section. A north-south cross section of the valley (elevation on the x-axis 
and distance on the y-axis) on the right-hand side. Dots and arrows show the position of the 
Yarmouk sill (purple), the Quarry section (red), the Wadi Malih sill (green) and Hazeva (black) 
with respect to elevation in the cross section and location in the valley. B: A closer view of the 
location of the Quarry section (Modified from Hazan et al. 2005). 
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3 Materials and methods 

3.1 The Quarry section 
The Quarry section is located about 6 km south of the Sea of Galilee (33°6’53.28’’N 
35°5’72.05’’E), close to the Island of Peace site at the border of Israel and Jordan. Two walls 
were already exposed in the quarry upon arrival, one facing south and the other facing west 
(figure 2A). Most of the samples were collected from the south-facing wall which was about 
10 meters tall, topping at the altitude -204 m asl. (Hazan et al. 2005). 
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3.2 Field sampling and measurements 
Five profiles were dug out in the quarry walls in order to have a clean exposure of the section 
(figure 2A). The locations were positioned in a way that the base of each location would start 
at the same height as the top of the lower location nearby. As the locations were distributed 
over the section walls, a prominent layer was used as a marker layer as reference to the height 
at each location (figure 2B). The sediments were described in detail and samples of 50-250 g 
were collected. At locations 2-5, the first sample was taken at the base (height 0 cm) and then 
other samples at roughly 10 cm intervals until the top of the location was reached. The 
uppermost 1.5 m of the section were weathered and covered with vegetation and were therefore 
not included. A total of 60 samples were collected, of which 16 were used for this research.  

3.3 Laboratory analysis 
3.3.1 Weighing and sieving 

The original samples were weighed and gently homogenized using fingers to break down 
blocks of sediment. Roughly 70% of each sample was put in a glass beaker with a solution of 
3% hydrogen peroxide (H2O2) in order to disaggregate the material. This mixture was left in a 
fume hood for 24-72 hours and the sediments were sieved afterwards with 1 mm and 250 Pm 
sieves. The mixture was poured on to the 1 mm sieve, with the 250 Pm sieve below, and gently 
washed with water until only particles >1 mm and >250 Pm were left on the sieves. These sieve 
residues were put in petri dishes by carefully squirting with water and left in an oven at 40°C 
for 24 hours, or until the water completely evaporated.  

3.3.2 Smear slides 

A drop of Euparal resin was put on a glass slide and a fraction about the size of the head of a 
toothpick was taken from the original (unsieved) samples and distributed as evenly as possible 
in the resin by stirring with a toothpick. Then a cover slip was placed on top of the sediment-
resin mixture and the slide let sit still for a week until the resin solidified. The slides were 
examined using a polarizing microscope to identify which components were present in the 
slides (table 1). For this purpose, a semi-quantitative scale was prepared in order to classify the 
abundance of each component into five classes (figure 3). These classes were created by the 
researcher while observing the slides based on the relative abundances of the components in 
the slides. Once all examinations had been documented and set up in a table, different shades 
of orange were assigned to each abundance class to decrease the effort needed to compare the 
samples. 

 
Figure 3 - Abundance classes of components identified in the smear slides. 

The smear slide analysis provides information about particles in the samples which make up 
the bulk of the samples but are lost during sieving. This is important in order to identify small 
particles such as aragonite and calcite which are crucial to this research as they are some of the 
main characteristics of the Lisan Fm.  
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Smear slides of typical Lisan Fm. sediments, collected in the region of Massada (at 
31°18'30"N 35°22'45"E; figure 1), were checked for comparison. 

3.3.3 Assessment of components in sample sieve residues 

The sieve residues were examined in the petri dishes using a low power binocular microscope 
and the components found in each sample recorded (table 2).  
 
Carbonate aggregates were checked in order to keep notes of which samples were not 
successfully treated with H2O2.  
 
Fe-Mn aggregates in the samples are particles cemented by rust-colored crust. The presence of 
such particles in the samples was checked as they can indicate sources of inflow to the lake. 
Fe-Mn crusts are the result of iron mineralization in carbonate rocks, when Fe is precipitated 
during upflow of old, metal-bearing brines through fault faces in regional tectonic faults. These 
crusts may also be Fe- and Mn-rich tufa precipitated from oxygen poor spring water once it 
gets in touch with oxygen (Ilani et al. 1988). 
 
The presence of modern roots in the samples was checked. Radiocarbon dating of organic 
matter is the preferred dating method for materials of the expected age of the Quarry section 
sediments (a20,000-35,000 years). Therefore, it is important to note the presence of modern 
roots in the samples, as they are a major source of contamination for such dating method.  
The samples were checked for insect remains as some insect groups, such as chironomids, have 
a great potential for indicating past climate conditions. Chironomids (non-biting midges) have 
three life stages which are known to have different specific ecological preferences and 
tolerance, especially with respect to temperature. Chironomid subfossils retrieved from lake 
sediments are therefore useful indicators for past climate conditions (Walker 1990).  
 
The presence of foraminifera tests in the samples was checked. Foraminifera are mostly marine 
organisms and the tests found in the samples originate from Cretaceous-Paleogene, which 
makes them over 60 million years older than the Lisan Fm. Foraminifera tests are allogenic 
detrital particles in the Lisan Fm. and may indicate sources of inflow from the surrounding 
environment to the site, such as runoff water, rivers or streams, at the time of deposition. 
The samples were checked for the presence of mollusc shell fragments. Molluscs may have 
lived at or around the site if conditions were sufficiently fresh. Mollusc shell fragments in the 
samples may also originate from modern shells, as terrestrial snails live in the area around the 
Quarry section and were seen during the fieldwork for this research. Further examination on 
the mollusc shell fragments may lead to a better understanding of the conditions at the site, if 
they prove to have lived there during the time of deposition.  
 
The presence of ostracod shells in the samples was checked. Ostracod shells are important 
bioindicators and can be used to understand the waterbody (e.g. water chemistry, temperature 
and water depth) at the site during the time of deposition. It is possible to obtain high resolution 
records of past oxygen isotopes of regional precipitation and past air temperatures from the 
isotopic composition of benthic ostracod shells (Boomer et al. 2009).  
 
The samples were checked for the presence of fish scales. Fish scales are an important 
bioindicator due to their fragile nature. These particles fractionate easily during transportation 
and therefore are rarely found redeposited away from the habitat of the fish. Their presence in 
the samples therefore indicates conditions with enough freshwater for fish to thrive at or close 
to the site during the time of deposition.  
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The samples were checked for the presence of gypsum. Gypsum is one of the main components 
in the Lisan Fm. It has been used to reconstruct the water conditions and the history of Lake 
Lisan and is therefore an important component in the Lisan sediments.  

3.3.4 Ostracod and foraminifera data 

Ostracod and foraminifera count data were provided by the supervisor of the study, Steffen 
Mischke. Such count data can be used to interpret both depositional conditions and the water 
chemistry at the site.  
 
As aforementioned, foraminifera tests indicate sources of inflow to the lake and can be used to 
interpret lake levels with respect to the number of tests deposited at each time. Foraminifera 
tests enter the water in clasts via runoff water or streams after being eroded from the 
surrounding rocks. The clasts containing the foraminifera tests settle at the lake margins, close 
to or at the source of inflow into the lake. Therefore, larger numbers of foraminifera tests 
indicate proximity to a source of inflow and shallower water levels, while small numbers 
indicate deeper water in which the majority of the tests have already settled down at the source 
of inflow or that inflow to the lake is rare due to aridity in the region.  
 
Ostracods bodies are encased by two shells, one left and one right. A single individual may 
produce as much as nine pairs of shells over the course of a lifetime, eight juvenile pairs and 
one adult pair. The juvenile shells are smaller and lighter than the adult shells, and therefore 
more easily transported. Knowing the ratio of juvenile ostracod shells and adult ostracod shells 
provides information about whether the ostracod shells were deposited in situ or if they were 
transported to the site post mortem (Boomer et al. 2009). The presence of both adult and 
juvenile shells at the site indicates that they were deposited in their habitat.  
 
The ostracod species Cyprideis torosa is known to tolerate a large range of salinity, and 
therefore it is not a good indicator for the salinity of the lake. However, the species generally 
prefers more brackish waters and therefore the presence of C. torosa may indicate brackish 
conditions (Rosenfeld & Vesper 1977). The ratio of freshwater ostracod shells and brackish 
water ostracod shells can give an idea of the water chemistry and the salinity of the lake at the 
site.  

3.4 Graphic data presentation 
The five locations were horizontally distributed over a distance of about 30 meters in the 
Quarry section (figure 2A) and were gathered in one continuous sequence in the sediment log 
(figures 5 & 6). It was impossible to indicate the occurrence of each layer of the section in the 
log due to the scale of the log. Therefore, different color shades were assigned to the parts 
representing each location in the log, depending on which sediment type was dominating within 
each location.  
 
The sediment log and the section sketch were prepared using CorelDRAW Graphics Suite X8.  
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4 Results 

4.1 Sediment log 
The bottom layer is characterized by horizontally bedded, matrix supported conglomerate 
(figure 4A). The conglomerates consist of rounded limestone pebbles and sub-angular flint 
pebbles, which all vary in size up to 15 cm in the lower 2.25 m of the layer, but are less coarse-
grained in the uppermost 10 cm with a maximum size of 6 cm. The matrix is relatively 
homogenous silt but varies between beige, brown, greyish and reddish-brown colors. This layer 
is 2.35 meters thick. Above the conglomerate layer, the section is characterized by layers of 
two slightly different sediment types, type A and type B, appearing alternately throughout the 
top 6.48 m of the section (figures 4B & 4C). The type A sediments are composed of 
homogenous whitish brown silt and occur in layers with a thickness of 0.2-15 cm. The type B 
sediment layers are composed of darker laminated sandy silt, with laminae ranging between 
0.5-2 mm in thickness. Locations 2, 3, 4 and 5 (the upper 6.48 m of the section) are comprised 
of layers of these two sediment types, occurring alternately in varying thicknesses (figures 4B 
& 4C). The dominating sediment type at each location is indicated in the sediment log (figures 
5 & 6). The most prominent layer in the section was a 24 cm thick, type A sediment layer at 
the top of location 2 which was used as a marker layer during the fieldwork (figure 4B). 
 

 
Figure 4 - Profiles in the Quarry section. A: The pebble layer, the length of the tape measure 
in the photo is 2.25 m. B: Location 2, sediment type A dominating. The length of the tape 
measure is 1.75 m. The marker layer is marked with yellow lines. C: Location 3, sediment type 
B dominating. The length of the tape measure is 1.52 m.  

4.2 Smear slide analysis 
The unsieved material was examined in the smear slides (table 1). All samples contained 
calcite, which was the dominant component in all cases. Aragonite was classified as rare in all 
samples, except IoP8, IoP10 & IoP65 in which it was absent. Foraminifera tests were classified 
as rare in 63% of the samples and as few in 13% of the samples. The remaining 24% of the 
samples did not contain any foraminifera tests. IoP3 is the only sample in which detrital grains 
were not found. Detrital grains were classified as rare in 13% of the samples, few in 69% of 



10 

the samples and abundant in 13% of the samples. Plant remains were found in 56% of the 
samples and classified as rare in all cases but one, IoP28 in which they were classified as few. 
The other 44% of the samples did not contain any plant remains. Dolomite was only found in 
two samples, IoP44 and IoP46, and classified as rare. The ostracod shell fragments are the 
rarest component, as they were only found in one sample (IoP1) and classified as rare.  
 
Table 1 - Abundance of the sample components in the smear slides. The height from which the 
samples were collected is shown in meters above base of the Quarry section. The components 
are classified as follows: absent = 0, rare = 1, few = 2, abundant = 3, dominant = 4.  

 

4.3 Sieve residue analysis 
Nine components were examined in the sieve residues of the samples (table 2, figure 5). 
Foraminifera tests are the only component that was found in all the samples and is therefore 
the most common occurring component in the sieve residues. Gypsum crystals were found in 
94% of the samples (all but IoP49) and ostracod shells in 81% (all samples except IoP22, IoP42 
& IoP49). Modern roots were present in 81% of the samples.  
 
Table 2 – Results of sieve residue analysis. The weight of the sieved material before sieving is 
shown in grams. Components present in the sieve residues of the samples are marked with ×. 
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Figure 5 - The sediment log and the presence-absence data from the sieve residue analysis. 
The marker layer is outlined in yellow. The sample numbers are shown to the right of the 
sediment log and their height relative to the log representing the height from which they were 
collected within the Quarry section. The presence data to the right of the samples display which 
components were present in each sample by a green bar within the components’ columns. 



12 

4.4 Ostracod and foraminifera count data 
The foraminifera tests are from Cretaceous-Paleogene species. Generally, the samples 
contained more foraminifera than ostracod shells, with up to 88 times more foraminifera tests 
than ostracod shells per 100 g of sample. The number of foraminifera tests in 100 g of the 
samples was on a scale of 1-6078, with 31% of the samples containing over 100 shells/100 g.  
 
All ostracods shells found in the samples are from Pleistocene. The total number of ostracod 
shells in 100 g of the samples varied between 1 and 830. Shells from C. torosa were the most 
abundant ostracod shells in all the samples. The majority of the shells from C. torosa were 
juvenile shells, as 85% of the samples containing the species had over 55% juvenile shells. All 
C. torosa shells in IoP44 and IoP65 were from juveniles. Shells of freshwater ostracods, such 
as Humphcypris subterranea, Heterocypris salina and Ilyocypris sp. (pers. comm., Steffen 
Mischke, January 17 2018), were a minority in all samples, varying between 1-12% with an 
exception of one sample (IoP65; figure 6).  
 
Table 3 - Ostracod and foraminifera count data of sieve residues.  
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Figure 6 - The sediment log and graphs for the ostracod shells and foraminifera tests count 
data. From the left: the first graph displays the number of foraminifera tests in 100 g of the 
samples, the second graph displays the number of ostracod shells in 100 g of the samples, the 
third graph displays the percentage of juvenile C. torosa shells out of the total number of C. 
torosa shells in the samples and the fourth graph displays the percentage of freshwater 
ostracod shells out of the total number of ostracod shells in the samples. 
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5 Discussion 
Given the -204 m asl. altitude at the top of the 10 m tall Quarry section, the sediments must 
have been deposited at a time when the level of Lake Lisan exceeded -214 m asl. This altitude 
implies a possible depositional period of the Quarry section sediments between 35,000-19,000 
years B.P. (figure 7; Stein 2014). During this time interval, the lake level of Lake Lisan 
fluctuated between -217 and -165 m asl. The lake level rose significantly by 120 m 35,000 
years B.P. and reached the Yarmouk sill, but did not cross it. The level dropped again a1,000 
years later and rose and dropped again by about 30 m, before another significant rise occurred 
31,000 years B.P. Then the level rose past the Yarmouk sill for the first time in the lake’s 
history and the lake merged with the Sea of Galilee. The lake level dropped below -214 m asl. 
29,000 years B.P. and rose again a27,500 years B.P. This time the lake level passed the 
Yarmouk sill and the lake merged with the Sea of Galilee again, and reached the maximum 
level stand of -165 m asl. a26,000 years B.P. The lake level stayed relatively stable at this 
elevation for about 2,000 years. A significant drop to -217 m asl. occurred a24,000 years B.P. 
and the lake level fluctuated between -217 and -200 m asl. for about 5,000 years, or until 
another significant drop occurred 19,000 years B.P. and the two waterbodies separated again 
(Stein 2014). Therefore, it is likely that the Quarry section sediments were deposited during 
the times of the unified water body of Lake Lisan and the Sea of Galilee, at some time between 
35,000 and 19,000 years B.P. (Stein 2014). 
 

 
Figure 7 - Lake level curves of Lake Lisan, the Sea of Galilee and the Dead Sea in the last 
43,000 years B.P. The elevation of the Quarry section marked with a red dotted line and the 
elevation of the Wadi Malih sill and Yarmouk sill indicated with black dotted lines. The shaded 
(grey) areas represent periods of possible sediment deposition at the Quarry section site 
(modified from Stein 2014). 
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The pebble layer in the Quarry section indicates a high-energy environment, such as a shore or 
a river. The gravel in the top 10 cm of the layer is generally less coarse-grained than in the rest 
of the layer, suggesting less energy (e.g. wave action or stream velocity) and therefore rising 
water levels during the time of deposition of the top 10 cm of the pebble layer. Another 
possibility is that the gravel layer may indicate that this was a deeper or a more marginal section 
of a stream entering the lake, or an alluvial fan setting. The less coarse material at the top part 
suggests less stream energy so that smaller particles were transported and deposited at this site. 
It may also suggest that the lower part of the layer was deposited when the base level of a 
stream entering the lake was lower and the upper part may have been deposited when the base 
level was closer to the Quarry section and that the stream flowed slower, transporting less 
coarse material. It is possible that there was not constant water flow and that the gravelly stream 
bed may have been dry at times. Similar sediments occur in the Jordan River delta region where 
the river enters the Sea of Galilee today.  
 
An abrupt boundary occurs above the pebble layer where the silty materials appear in the 
section. This may be explained by rapidly rising water levels of Lake Lisan at the site, as 
occurred 35,000, 31,000 and 27,000 years B.P. The largest numbers of foraminifera tests in the 
samples occur in the two samples collected at the lowest point within the silty material. Sample 
IoP1 was collected at 2.4 m and IoP3 was collected at 2.7 m. High numbers of foraminifera 
tests in these samples further support the interpretation of rapidly rising lake levels due to 
massively increased inflow of water.  
 
The sediments in the rest of the section (above the pebble layer) are silt sized which indicates 
a stable environment. Such fine-grained sediments indicate accumulation in a very slowly 
flowing or stagnant waterbody. No sand- or gravel beds appear within this part of the section 
which indicates accumulation in stagnant waters, with little or no change in energy. Looking 
back at the lake level curve, this indicates that the sediments probably accumulated either 
between 31,000 and 29,000 years B.P or after 27,000 years B.P because 31,000 and 27,500 
years ago were the most dramatic and rapid lake level rises, which might explain the abrupt 
boundary between the pebble layer and the silty materials. It is unlikely that sediment formation 
at the Quarry section occurred during the short high-lake level period at 35,000 years B.P. due 
to the relatively thick sequence of exposed fine-grained sediments. A longer period of time is 
expected to be required for such a thick sequence. Shells of non-marine ostracods in the 
samples from the silty materials indicate that these sediments were deposited in a lake and not 
in the ocean. Cyprideis torosa was the dominating ostracod species and freshwater ostracod 
species were present as well.  
 
Gypsum was present in all of the samples and aragonite was found in 81% of the samples. 
Assuming that these minerals were precipitated from the waterbody suggests that the lake at 
the Quarry section site was affected by the Lisan brine and that the waterbody had density 
stratification. Aragonite precipitated from the upper water layer during periods of water 
stratification and high/rising lake levels. The gypsum precipitated during times of falling/low 
lake levels and mixing of the water layers (Stein et al. 1997).  
 
81% of the samples contained ostracod shells. All samples containing ostracod shells included 
shells from both juvenile- and adult C. torosa, indicating that ostracod shells were deposited in 
situ during the deposition of these sediments. Exceptions are samples IoP44 and IoP65, which 
did not contain adult shells of C. torosa. IoP44 only contained ostracod shells of juvenile C. 
torosa, and contained only a single juvenile C. torosa shell per 100 g. Therefore, it is possible 
that this juvenile shell was redeposited at the site and that ostracods did not live at the Quarry 
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section location during the time of sediment accumulation. IoP65 however did contain 36 shells 
per 100 g and 11,1% were shells from freshwater ostracod species. The numbers of 
foraminifera tests in this sample are relatively high, and therefor it is possible that this sample 
was deposited in proximity of water inflow which caused the redeposition of the shells from 
the freshwater species at the site (Boomer et al. 2009).  
 
The dominance of C. torosa ostracod shells in all samples indicates brackish conditions during 
the time of deposition. The Quarry section sediments, like other sediments of the Lisan Fm., 
showed no signs of burrowing organisms. Therefore, the lower water layer was probably too 
saline for burrowing organisms and kept the lake floor sterile. However, the salinity was 
probably relatively low during the deposition of sediments between 2.6 and 7.3 m in the section 
indicated by the occurrence of freshwater ostracod shells and fish scales. Samples IoP3, IoP12, 
IoP16 and IoP46 contained both shells from freshwater ostracod species and fish scales, 
indicating especially fresh conditions during the time of deposition. Low numbers of 
foraminifera tests in these samples indicate that the water level was relatively high during the 
times of freshwater conditions, thus the waterbody was likely stratified during those times. 
These apparently fresh conditions in the lake mean that the water was still saline (hence the 
dominance of C. torosa in all samples), but with more freshwater influence than generally 
occurred in the lake. Most likely the bottom layer was saline enough to support C. torosa and 
the upper water layer was fresh and supported the existence of the freshwater ostracod species 
and fish; this further supports the interpretation of the waterbody as stratified at the time of 
accumulation of these samples.  
 
All of the samples indicating these freshwater conditions were collected between 2.6 and 4.8 
m in the section, except sample IoP46 which was collected at 7.3 m above the base of the 
section. The interval between 5.0 and 7.3 m indicates a period of dropping lake levels. The 
samples within this height interval (5.0-7.3 m) show an increase in numbers of foraminifera 
tests, which supports the inference of falling lake levels. 
 
Calcite was the dominating component in all samples as revealed by the smear slide analysis. 
Calcite is one of the detrital components found in the laminae which appear alternately with 
the aragonite laminae in the Lisan Fm. (Begin et al. 1974). These detrital particles originate 
from the Upper Cretaceous Dead Sea Rift escarpment from which they eroded and were 
redeposited in the lake with runoff water during wet seasons (Stein et al. 1997). Calcite is also 
a primary precipitation product in the Sea of Galilee and could have been precipitated from the 
water at the site. Therefore, the calcite in the Quarry section sediments has two possible 
sources. Given that the waterbody at the Quarry section location was stratified with a 
freshwater layer above a more saline brine, the calcite possibly precipitated from the water 
column. The site was most likely supplied partly with freshwater from the Sea of Galilee region 
and therefore conditions were favorable to the precipitation of calcite. Detrital carbonate occurs 
in the sediments as allochthonous foraminifera and the detected fine-grained calcite was most 
likely formed by precipitation from the water column. 
 
Stein et al. (1997) conclude that Lake Lisan was a hypersaline waterbody based on the fact that 
the sediments of the Lisan Fm. are sterile and indistinguishable from the sediments of the Dead 
Sea. Compared to the inference of freshwater conditions based on some samples collected at 
the Quarry section, this indicates that the salinity of the Lisan water was lower at the Quarry 
section site in comparison to most of the Lisan waterbody. The Quarry section is located 
southeast of the Menahemya site which is the northernmost known site with recorded 
aragonite-containing sediments of the Lisan Fm. (figure 1). The two sediment types described 
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from the Quarry section can be matched to the sediments of the Upper Member of the Lisan 
Fm. (Bartov et al. 2002), based on the smear slide- and sieve residue analysis. Sediment type 
B from the Quarry section can be compared to the aragonite-detritus laminae in the Lisan Fm. 
based on the similar lamination of the sediment type B layers and the aragonite and detritus 
components in the samples. Sediment type A can be compared to the gypsum beds in the Lisan 
Fm. based on the varying thickness of the layers and the dominating presence of gypsum in 
sample IoP12 (collected from the sediment type A marker layer). If this assumption is correct, 
the water at the Quarry section site behaved in the same way as the waterbody of Lake Lisan 
during the two distinct modes; 1) During times of added freshwater and relatively high lake 
levels, resulting in density stratification of the waterbody and the precipitation of aragonite; 2) 
During times of low lake levels and the mixing of the waterbody resulting in the precipitation 
of gypsum (Stein et al. 1997).  
 
From the beginning of Lake Lisan’s existence (70,000 years B.P.), the lake levels fluctuated 
mostly between -330 and -270 m asl. until the rapid, dramatic rise from -330 m asl. to -195 m 
asl. 31,000 years B.P. (Bartov et al. 2002). To increase the lake level this significantly, a large 
input of freshwater to the lake is required (Bartov et al. 2002; Stein 2014). Thus, the lake never 
contained more freshwater than during the time of maximum lake levels. During this period of 
significantly higher lake levels, the water level of Lake Lisan rose past the Yarmouk sill and 
the lake merged with the Sea of Galilee. Since the northernmost known occurrence of Lisan 
aragonite is the Menahemya site south of the Yarmouk sill (figure 1), the aragonite-
precipitating Lisan brine never passed the Yarmouk sill in sufficient amounts to precipitate 
aragonite further north. The smear slides of the Quarry section sediments contained aragonite, 
suggesting that the Lisan brine affected the waterbody at the site. However, aragonite was 
classified as rare in all samples where aragonite was detected and calcite was the dominating 
component. Aragonite was the dominating component in the smear slides of the sediments from 
Massada and they contained aragonite in much larger amounts than the Quarry section 
sediments. Therefore, the Quarry section sediments are not a typical example of the Lisan Fm., 
but are comprised of sediments that represent a depositional environment which resulted from 
the mixing of typical Lake Lisan brine with freshwater from the north. 
 
This suggests that the waterbody of Lake Lisan at the time of accumulation of the sediments 
had different properties at the Quarry section site than the rest of the lake south of the Yarmouk 
sill. The proximity of the Quarry section to this boundary of the aragonite-precipitating limit 
of Lake Lisan makes the sediments in the Quarry section especially crucial for a better 
understanding of the mixing between the two waterbodies. The Quarry section sediments were 
precipitated from a waterbody which was affected by the hypersaline Lisan brine. The 
waterbody at the site was supplied with enough freshwater from the Sea of Galilee Region to 
precipitate calcite. The water was also fresh enough for freshwater ostracod species and fish to 
thrive at or around the site. Therefore, the Quarry section sediments were deposited in an area 
marking the boundary between the waterbodies, possibly where the most mixing between the 
two occurred.  
 
In order to better understand the mixing of the two waterbodies and the depositional 
environment within the area of mixed watermasses, further research is needed on the sediments 
in the Quarry section and around that area. The depositional period of the sediments would 
have to be determined with radiocarbon dating to know the exact depositional period of the 
sediments, and therefore make it possible to make better estimates in correlation with the 
climatic records from the region. Further and more detailed examination on the ostracod shells 
and the mollusc shell fragments would provide information about the regional precipitation 
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and air temperatures during the time of deposition, as well as conditions such as salinity and 
temperature within their habitat. Foraminifera tests are indicators of water levels and sources 
of inflow to the site. Examining these components to find their origin would result in a better 
understanding about the specific local water sources and could provide information concerning 
the amount of detritus provided by local streams and springs near the Quarry section site. 
Furthermore, more detailed examination of the bioindicators (the ostracod shells, the fish scales 
and the mollusc shell fragments) would increase the understanding of the water chemistry at 
the site and the mixing conditions of the two waterbodies.   
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6 Conclusions 
The sediments in the Quarry section were deposited sometime between 31,000 and 19,000 
years B.P., which marks the time of the convergence of Lake Lisan with the Sea of Galilee. 
The sediments are similar to those of the Lisan Fm. as they are comprised of alternating layers 
of gypsum and aragonite-detritus laminae. However, the Quarry section sediments also contain 
authigenic calcite which is characteristic of the sediments of the Sea of Galilee. Typical Lisan 
Formation sediments contain no in situ subfossil microfauna remains, but the sediments at the 
Quarry section site do. The fossils include shells of the ostracod species Cyprideis torosa and 
also remains of freshwater organisms such as fish and freshwater ostracod species. The 
presence of such fossils within the sediments of the Lisan Fm. can be explained by different 
water properties of Lake Lisan around the Quarry section site during the existence of the unified 
waterbody in comparison to the typical water properties of the Lisan brine. The waterbody at 
and around the site resembled a mixture of the Lake Lisan brine with freshwater from the Sea 
of Galilee region, which is reflected in the sediments of the Quarry section.   
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