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Abstract 

A deep core hole, drilled in the middle of the Dead Sea penetrated the Pleistocene- Holocene 

section, revealed an alternating sequence of fresh water and evaporitic (gypsum, halite) 

deposits. The vertical facies variations were interpreted as related mainly to lake level 

changes during this period. The present study, however, proposes an additional factor that 

influenced these changes, namely subsurface seawater intrusion from the Mediterranean Sea 

to the endorheic Dead Sea Basin. This proposed process is controlled by the elevation and 

head difference between both base levels at a given time, because the Mediterranean Sea 

level also fluctuated during the discussed period. We find that in times of smaller head 

differences, and assumed lower seawater intrusion, a gypsum facies prevailed in the Dead Sea 

Basin. In times of greater head differences and assumed more abundant seawater intrusion a 

halite facies prevailed because of greater sodium chloride input into the Dead Sea. 
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1. Introduction 

1.1. The Dead Sea Basin 

The history of the Dead Sea Basin (“DSB”) (Fig 1) and its occupied paleo- lakes since the 

Neogene was discussed in detail in several studies (Horowitz, 2001; Stein, 2001), some of 

which will be referred to in the present study. A rather short description follows: 

The DSB was formed as a pull-apart basin along the Dead Sea Transform during the Neogene 

(Garfunkel, 1981), forming an endorheic continental base level. Later, during the Pliocene, 
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the Mediterranean Sea invaded the basin through internal morpho-tectonic valleys of northern 

Israel, forming the Sedom Lagoon as an inland evaporitic basin (Zak, 1967). Subsequently, 

the Sedom Lagoon was disconnected from the open sea (Kafri and Ecker, 1964; Zak, 1967; 

Stein, 2001; Torfstein et al., 2009). 

Following the severance of the DSB from the Mediterranean, three consecutive major 

lacustrine and hypersaline water bodies (Katz et al., 1977; Torfstein et al., 2009) occupied the 

DSB throughout Pleistocene-Holocene time: Lake Amora (including Lake Samra), Lake 

Lisan, and the present day DSB. The water levels of these lakes fluctuated because of climate 

changes and tectonic subsidence of the basin (Stein, 2001; Bartov, et al., 2006; Waldmann, et 

al., 2009).  

Lake Amora existed between 740 and 70 ka whereas its inclusive Lake Samra existed 

between 135 and 70 ka at water levels between 320 and 380 m below Mediterranean Sea 

level (hereafter bsl). Lake Lisan existed between 70 and 15 ka at Mediterranean water levels 

that fluctuated between 330 and 150 m bsl. The DS levels during the Holocene were about 

400 m bsl (Stein, 2001; Torfstein, et al., 2009).  

Most of the relevant studies show the linkage between the lake levels and the sedimentary 

facies deposited within them. In general, high lake levels, mostly during glacial periods result 

in an aragonite-detritus sedimentary facies. Low lakes levels, during interglacial periods, 

result in halite deposition. Gypsum deposition is related to lakes level declines (i.e., Bartov, et 

al., 2003; Torfstein, et al., 2013; Neugebauer, et al., 2014). 

The present study proposes seawater intrusion (hereafter SSI) from the Mediterranean Sea to 

the DSB, which might influence the sedimentary facies composition. 

 

Figure 1. Location map of the study area 

1.2 Subsurface Seawater Intrusion (SSI) Into the DSB 

The DSB is a continental endorheic (terminal) base level only tens of kilometers from the 

Mediterranean Sea Presently it is up to 430 m below the Mediterranean Sea level. Based on 

hydraulic continuity between both base levels we suggested that current subsurface seawater 

intrusion (“SSI”) from the higher Mediterranean to the lower DSB base level occurs thereby 
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contributing to the salinity of the DSB. Kafri and Arad (1979) reported this in the northern 

part of the DSB. It was also discussed by Kafri et al. (2007) and Kafri and Yechieli (2010). 

The same configuration of continental endorheic base levels below sea level and not far from 

the sea, are known in other places in the world and there also they are claimed to be caused 

by SSI. (Kafri, 1984; Kafri and Yechieli, 2010; Kafri et al., 2013).  

Recently, Kafri et al. (2014) studied and described the same phenomenon of SSI to the DS in 

southern Israel through the Be’er Sheva valley, based on geo-electric measurements, 

geochemical parameters and hydrological modeling. The hydrogeological setup, along the 

Be’er Sheva Valley is shown on a cross section along it that connects both base levels (Fig. 2). 

The study area of the Be’er Sheva Valley extends on both sides of the regional groundwater 

divide between both base levels. The sequence above the Pre-Cambrian basement includes 

Paleozoic to Quaternary sedimentary formations, as detailed in Figure 2.  

 

Figure 2. Geological cross section along the Be’er Sheva Valley (modified after 

Stanislavsky and Gvirtzman 1999): Pn-Paleozoic; Tr-Triassic; J- Jurassic;Kk- Lower 

Cretaceous; Kju- Upper Cretaceous; Kty-Cretaceous Talme Yaffe Formation; T-Q- Tertiary to 

Quaternary; Qs- Quaternary Dead Sea Graben fill 

Those formations which consist partly of carbonates and sandstones are hydraulically 

conducive to groundwater flow. The hydraulic parameters of the discussed sequence and the 

groundwater regime in this area were described by Stanislavsky and Gvirtzman (1999) and 

Grabe et al. (2013). The flow directions in the study area as obtained by the particle tracking 

procedure of the FeFlow model (Diersch, 2005) are shown on Figure 3.  
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Figure 3. Flow directions as obtained by particle tracking procedure of the FeFlow 

model (Kafri et al 2014) 

The hydrogeological configuration of SSI from the Mediterranean Sea to the DS and the 

density driven brine flow (hereafter DDBF) towards the west is shown schematically on 

Figure 4. 

 

Figure 4. Schematic flow model between the Mediterranean Sea and the DSB. H= Depth 

of the base of the flow; ∆h= Elevation difference between the Mediterranean and the DSB 

levels 

2. Methods 

The working hypothesis of the present study is based on the findings that the Mediterranean 

and the DSB base levels are hydrologically connected and thus enabling SSI, from the former 

to the latter, due to the head difference between them (Kafri et al., 2014). Since the elevations 

of both base levels changed during the Pleistocene –Holocene, the elevation difference for 

each time period was calculated. In addition, the head differences were also calculated, taking 
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into account the densities of the different water bodies, contained in the Mediterranean and 

the DS during those time periods. The obtained head differences were correlated with the 

different sedimentary facies that prevailed at those time periods.  

3. Results and Discussion 

3.1. Dead Sea Deep Drilling Core 

A 455 m long continuous core was retrieved from a deep core hole drilled in 2010-2011 in the 

middle of the DS at a water depth of 300 m. The analysis of the core described the different 

sedimentary facies of the penetrated Pleistocene to Holocene sediments. (Neugebauer,et al., 

2014;Torfstein, et al., 2015b). Their description and interpretation, in general describes the 

different facies: 

 

Figure 5. (a) Simplified Pleistocene-Holocene global and Mediterranean Sea levels 

(after Waldmann et al. 2009). (b) Pleistocene- Holocene DSB lake levels (after Waldmann et 

al. 2009). (c) Pleistocene- Holocene elevation difference (∆h) between the Mediterranean and 

the DSB levels. (d) Depositional facies changes along the DS deep drilling core. M= marl 

facies: G= gypsum facies; H= halite facies 

(a) A marl facies, which comprising mainly aragonite and silty detritus, that deposited 

during high lake levels in the glacial stages (M on Fig. 5 d),  

(b) A halite facies, deposited during low lake levels in the interglacial stages (H on Fig. 5 

d), 
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(c) A gypsum facies associated with episodes of declining lake levels (G on Fig. 5 d),  

(d) A coarse clastic detritus facies. 

The reported findings resulted in a debate as to the interpretation of the environment of 

deposition of part of the sequence. A 40 m halite-dominant core was dated to 110-120 ka at a 

level of 235 m below the DS bottom (“blb”). Torfstein et al. (2015a) related this to a sudden 

and rapid drawdown of the DS level. Katz and Starinsky (2015) commented by rejecting this 

interpretation, based on geochemical parameters. They also claimed that the proposed water 

depth was not sufficient enough to deposit a 40 m thick halite sequence. It should be 

mentioned, in this regard, that the present day depth of 235m below the lake floor is a result 

of post depositional tectonic subsidence in the center of the basin, at rates of over 1 mm/y that 

were previously described (Bartov et al., 2006). Katz and Starinsky (2015) also proposed, to 

overcome the above mentioned salinity deficiency, an external import of salts derived from 

leaching of salt bodies in the catchment area, which was accepted in the response of Torfstein, 

et al (2015b). Another additional external salt contribution to the basin is proposed in the 

present study (see below). 

The present study deals with the possible effect of SSI on the sedimentary facies of the DSB 

during the Pleistocene-Holocene. During this period the hydraulic system between the 

Mediterranean Sea and the DSB did not change. The active aquifers and their hydraulic 

properties are assumed constant. Regarding the water input to the basin, Enzel, et al. (2003) 

proposed a relationship between the DS levels and rainfall assumingly that most of the input 

is through surface runoff. Most of the water input to the basin is groundwater that was 

naturally recharged to the system following an evapotranspiration process and subsequently 

fed the basin through subsurface flow and big springs. In this case it is possible that, even in 

cooler (glacial) periods when rainfall was less (Bar- Matthews and Ayalon, 2003), the net 

recharge to the aquifers did not differ considerably from that of the more humid and warm 

periods, due to reduced evapotranspiration as suggested by Yechieli, et al. (2009). Significant 

changes in the system are, thus, not only the DSB level variations but also those of the 

Mediterranean base level (Fig. 5 a, b). An attempt is made herein to show that the 

sedimentary facies is controlled not only by the DSB levels, as advocated but also by the 

differences between both base levels at each period (Fig. 5c) and the resultant SSI. 

In Figs. 5c & d, the gypsum facies (G) prevails in periods ~75-55 and ~20-14 ka BP 

(Neugebauer, et al, 2014) when the elevation difference between both base levels (“ ∆h”) was 

about 200 m. The halite facies (H), however, prevailed between ~120- 75 ka BP and from the 

Holocene to the present (Neugebauer,, et al., 2014; Torfstein, et al., 2015). During this period, 

∆h exceeded 300 m and even attains a value of over 400 m at present. A time lag exists for 

the change of ∆h and the resultant change of facies. It is, proposed that the evaporative facies 

is also controlled by the rate of SSI which is affected by the ∆h between both base levels as 

described below. 

3.2 ∆P For SSI and DDBF as a Function Of ∆H Between Both Base Levels 

Assuming a hydraulic subsurface continuum between the Mediterranean and the DS base 

levels and a resultant SSI, then the rate of the latter is controlled by the head difference (∆P) 
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between both. According to Bernouli’s Equation this depends on the density of seawater and 

the elevation difference between the base levels and is given as: 

∆P (ssi) = ῤ (sw) 
.
 g 

.
 ∆h

 

Where ∆P (ssi) is the potential head difference, ῤ (sw) is the seawater density and ∆h is the 

elevation difference between both base levels. In both cases the atmospheric head acting on 

the base levels is atmospheric which will be slightly different depending on temperature and 

humidity. This difference is likely small. The rate of the deeper DDBF is also controlled by 

the pressure difference between both base levels which depends also on their different water 

densities as follows: 

∆P (ddbf) = (ῤ (dsb) - ῤ (sw)) 
.
 g 

.
 H – ῤ (dsb) 

.
 g 

.
 ∆h 

Where ῤ (dsb) is the DSB density and H is the elevation of the base of the flow. 

The ∆P for SSI and DDBF was calculated for the two significant cases of a lake depositing 

gypsum (G facies) and one that deposits halite (H facies). A depth of 5000 m was set for the 

base of the flow system. In the case of the G facies ∆h is around 200 m, the seawater density 

is 1.025gr/cm
3
 and the density of the brine in the DSB that deposits gypsum is around 

1.1gr/cm
3
 (Starinsky, 1974).In the case of the H facies, ∆h is about 400 m, the Mediterranean 

seawater density is as above, and that of the brine in the DSB that deposits halite is 

1.24gr/cm
3 
(Starinsky, 1974).

 

The calculated results of ∆P for SSI and DDBF for both facies are exhibited in Fig 6. It is 

clearly noticed that for the SSI component at a ∆h of 200 m, the obtained ∆P is around 1500 

kPa, whereas at a ∆h of 400 m it attains a value close to 6000 kPa, and thus as a result a 

considerably higher rate of SSI flow. Considering the DDBF component, it is noticed that the 

∆P at the ∆h of 200 m is around 2000 kPa, whereas at the ∆h of 400 m it is as high as around 

4000 kPa.  

 

Figure 6. Pressure (head) differences (∆P) between the Mediterranean and the DSB base 

levels during the processes of SSI and DDBF for the scenarios of ∆h= 200m (G facies) and 

400m (H facies) 
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4. Conclusions 

The terminal endorheic DSB exhibits during the Pleistocene-Holocene variations in the facies 

of its deposited evaporites, as encountered along the DSDP core recovered from the center of 

the DS. Those were related, in general, to lake level variations. Others have advocated and 

agreed that in the case of a 40 m thick halite unit its thickness is “several times larger than 

that which could have been provided by a brine column in composition to that of the DS”. 

That is, the source of salinity was partly external, being provided by leaching of salt bodies in 

the catchment area (Katz and Starinsky, 2015; Torfstein et al., 2015b).  

The present study proposes an alternative source of salinization of the DSB, namely 

subsurface seawater intrusion from the Mediterranean Sea to the DSB (SSI). During the 

period under consideration both base levels fluctuated but maintained an elevation (∆h) and a 

resultant head (∆P) difference between them.At times a lower ∆h and a resultant lower ∆P 

and assumed lower SSI, a gypsum evaporitive facies (G) prevailed in the DS basin. In times 

of higher ∆h, ∆P and SSI, the halite evaporite facies (H) prevailed. Similarly, regarding the 

process of density driven brine flow (DDBF) from the DS westward, the same relationship is 

encountered. Higher ∆h and as a result higher ∆P enlarges the DDBF, which by itself helps in 

the lowering of the DS level. As expected, the assumed DDBF is smaller in the case a brine 

depositing gypsum and larger in that of the more concentrated brine that deposits halite.  
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