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Executive summary 

This work aims to map the regional (km-scale) trends of the top most sand layer along the coast of 

southern and central Israel, and where possible to characterize the sand in this layer focusing on its 

relevance for coastal preservation. The research area stretches from the Gaza border in the south to 

Hadera region in the north, and from the coastline to a water depth of 30 m. This work is based on a 

comprehensive, as much as possible, collection of existing datasets. 

Obtaining the various datasets, collected along the Israeli coast, from the entities holding them 

constituted a major challenge in course of this work. Additionally, many of the datasets were obtained 

as paper copies or in vintage digital formats, which hampered their interpretation. 

In total the research database combined: 451 seafloor sediment samples from the research area, from 

12 reports; 126 lithological logs, from 6 surveys, out of which 88 logs were sampled at water depths Җ35 

m; and 11 high resolution seismic surveys, with a total running profiled length of ~4,000 km and 1181 

km of these were acquired at water depths Җ35 m. This pervasive database still leaves significant holes 

in the coverage of the research area, particularly near the coastline in its southern part. 

We emphasize that all the data utilized in this work either were obtained from open public sources, or 

were explicitly approved by the proprietors. 

The grain size measurements from the entire research area combined show that the top most sand layer 

contains, at the seafloor, fine (0.125-0.25 mm) clean (usually >95%) sand to a water depth of ~30 m, ~3 

km from the coastline. Beyond that depth, there is a sharp transition at the seafloor to silty-clayey 

sediments. In a relatively small number of samples the sand fraction is smaller, which reflects the 

presence of larger grains that probably arrive from primarily nearshore Kurkar outcrops or shell 

concentrations. 

The distribution of the grain sizes with the distance from the coastline (and water depth) shows that the 

median grain sizes (D50) decreases from 0.23±0.03 mm near the coastline to 0.15±0.03 mm at a 

distance of ~1 km from the coastline, and a water depth of ~15 m. At greater distances and water 

depths the sand D50 remains approximately constant at 0.15±0.03 mm.  Measurements of a few 

samples, which were collected at a depth of 1 m below the seafloor, suggest that the presence of D50 

>0.2 mm is limited to the proximity of the seafloor, and at depth the small grain sizes are more 

abundant closer (at least to a distance of 200 m) to the coastline. 

The top of Kurkar mapping results do not fully accord with the model of a series of Kurkar ridges, sub-

parallel to the coastline. This model is approximately adequate for the northern part of the research 

area, where the Kurkar is exposed or shallowly (<6 m) buried along most of the coastline and to a 

distance of at least 1 km from it. However, in the southern part of the research area Kurkar bodies are 

prominently found in different and not correlated sub-surface levels. The top of Kurkar in that area 

draws elevated areas of exposed or shallowly buried Kurkar, that bound relatively large basins (to 

depths >30 m) aligned possibly along drainage outlets.  
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Along most of the research area the top most sand layer is very thin (<2 m thickness), and it is thicker 

only along a narrow (~1 km wide) set of slivers, that stretch sub-parallel to the coastline at a distance of 

~1.5 km and ~2 km from it in the south and north respectively. Within these slivers the top most sand 

layer thickens slightly, reaching thicknesses of >4 m and up to ~12 m in small areas between Tel-Aviv 

and Ashdod. 

The total sand volume in the top most layer in the research area is ~700x106 m3, out of which ~450x106 

m3 are concentrated in the sand slivers. The distribution of grain sizes reveals that the majority of the 

sand in this layer is characterized with D50 of ~0.15 mm (and certainly less than 0.2 mm).  

This work did not investigate deeper sand layers that probably exist between the top most sand layer 

and the top of Kurkar in the southern part of the research area. The investigation of these layers is 

outside the scope of this work. Very little data exist, which could characterize these layers, and these 

data were generally not available to us. However, exploitation of these deeper layers, if found adequate, 

would require a massive removal of the seafloor layers, which probably renders such exploitation 

irrelevant.  

 

Scope of work 

The purpose of is work is to map the regional trends (several kilometers resolution) of the upper sub-sea 

sand layer along the Mediterranean coast of Israel, and where possible to characterize the sand in this 

layer. This work is focused on the relevance of the sand in this layer for coastal preservation. The area of 

interest spans the shallow water strip from the Gaza border to Hadera region and from the coastline to a 

water depth of 30 m. This work is to be carried out based on a comprehensive, as much as possible, 

collection of existing datasets, which were collected by the different public and private organizations over 

the years. 
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Introduction  

The near surface levels of the southern to central Israel coastal zone is composed of the Late-Pleistocene 

to Holocene Kurkar Group - Hefer Formation,  composed primarily of alternating units of calcareous 

sandstones (Kurkar), eolianites, reddish clayey-silty paleosol (Hamra), dark swamp clays, marine silts and 

clays, regosol, and loose sands (e.g. Gvirtzmanet al., 1984; Gvirtzman et al., 1997; Frechen et al., 2002; 

Mauz et al., 2013). On land, the Kurkar forms a northward converging sub-parallel set of ridges (figure 1), 

composed of interbedded amalgamations of units of Kurkar, Hamra and other lithologies with different 

Late Pleistocene ages (e.g. Neev et al., 1987; Gvirtzman et al., 1998; Almagor et al., 2000; Engelmann, 

2001; Frechen et al., 2001, 2002; Sivan and Porat, 2004; Porat et al., 2004; Mauz et al., 2013). These units 

are partly correlated along much of the coastline (Gvirtzman et al., 1998). The western of these ridges is 

intermittently aligned with the coastline (figure 1), and is actively eroding by waves action to form a 

coastal cliff along parts of the Israeli coast (e.g. Neev et al., 1987; Nir, 1982, 1984, 1992; Almagor et al., 

2000; Katz et al., 2007; Mauz et al., 2013; Kattz and Mushkin, 2013). This onshore geological structure is 

suggested to continue westwards based on offshore sub-bottom profiling and drill holes (e.g. Neev et al., 

1987; Gvirtzman et al., 1997). Accordingly, a northward converging set of sub-parallel drowned and buried 

ridges (figure 1), with their crests outcropping to form bathymetric ridges, were outlined across the 

continental shelf of Israel through bathymetric and sub-bottom profiling and suggested to be Kurkar 

ridges corresponding to the onshore ones (e.g. Neev et al., 1987; Nir, 1984; Almagor et al., 2000).  

 

Figure 1.  (a.) Kurkar outcrops on the continental shelf and coastal plain of Israel. (b.) Offshore and longshore 

transport of suspended Nile Sand along the southeastern Mediterranean shelf and littoral zone, with onshore dune 

fields shown in white. (From Almagor et al. (2000).) 
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! ǇǊƻƳƛƴŜƴǘΣ ǳǇ ǘƻ лΦр ƪƳ ǿƛŘŜΣ ōŜƭǘ ƻŦ ǳǇ ǘƻ нр Ƴ ǘŀƭƭ ōǳǊƛŜŘ YǳǊƪŀǊ ǊƛŘƎŜǎ όǘƻ ōŜ ƴŀƳŜŘ ƘŜǊŜ άǘƘŜ ол Ƴ 

wƛŘƎŜέ; figure 2) extends along the coastline of Israel (figure 1), with its crests emerging up to 10 m above 

the surrounding seafloor (Almagor et al., 2000). Opposite southern Israel it lies 2-3 km from the coastline 

at water depths of 20 to 30 m, while opposite central Israel it lies 3 to 4 km from the coastline at water 

depths of 30 to 50 m and becomes increasingly continuous northward. In central Israel, terrestrial clayey 

swamp deposits and Paleosols (primarily Hamra) are deposited in the basin between the coastline and 

the 30 m ridges, uncomfortably overlaid by a mid- to late- Holocene unconsolidated marine sand unit (e.g. 

Nir, 1984; Almagor et al., 2000; Sivan et al., 2004; Mauz et al., 2013; Shtienberg et al., 2016; Goff et al., 

2018; figures 2, 3). In the vicinity of the 30 m ridge, where the effect of the base of storm waves declines, 

the sand unit pinches out and transitions to a clayey-silt marine layer (figure 2; e.g. Nir, 1984; Neev et al., 

1987; Golik et al., 1999; Almagor et al., 2000; Almogi-Labin, 2012). This silt layer thickens westwards, 

overlying Kurkar, terrestrial and marine sandy units. In southern Israel, the section contains significantly 

greater sand content and the top-most sand layer is underlain by other sandy units of various 

compositions, separated in places by intercalations of terrestrial clayey paleosols (Avital, 2002; DHV, 2011; 

figure 4). On the west, the top sand layer transitions to silty and clayey sand units. Sand in the top-most 

layer is generally clean and well sorted, with the modal grain size usually between 0.11-0.3 mm (e.g. 

Almagor et al., 2000; Sivan and Almogi, 1999; Hyams-Kaphzan et al., 2008; Almogi-Labin et al., 2012; 

Almagor and Perath, 2012). The grain size slightly decreases with distance from the coast and with the 

northing. However, due to a northward increase in skeletal carbonate content, the coastal sand appears 

to become coarser northwards (Almagor et al., 2000; Golik. 2002; and references therein). This study 

focuses on mapping this top-most sand layer.  

 

 

 

Figure 2.  A schematic profile across the inner to middle Mediterranean shelf of Israel, showing the erosional surface 

at the top of the Kurkar unit and the ŦƛŜƭŘ ǊŜƭŀǘƛƻƴǎ ƻŦ ΨǎƻŦǘΩ sediment units overlaying it (after Nir (1984)). The top-

most sand unit and tƘŜ Ωол Ƴ YǳǊƪŀǊ ǊƛŘƎŜΩ (see text) are highlighted (blue). 
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Figure 3.  A borehole controlled seismic-lithological profile across the inner shelf offshore Hadera, at the northern 

bound of the study area, showing the field relations of the near surface sediment units (adapted from Shtienberg et 

al. (2016)). This section shows a ~2-3 m thick westward transitional top-most sand unit (yellow), overlying on an 

unconformity at the top of the terrestrial swamp deposits (brown) and Hamra (orange). The latter fill topographic 

lows in the Top-Kurkar diagenetic/erosional surface. Shtienberg et al. (2016) mapping served as the northern anchor 

ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ƳŀǇǇƛƴƎΦ 

 

Figure 4.  A multi-borehole time and space lithological correlation of the Plio-Quaternary sections of across the inner 

shelf offshore Ashkelon, at the southern bound of the study area (from Avital (2002)). The correlation is based on 

U-Th, OSL/IRSL and 14C ages, lithology and indicative foraminifera and macrofauna abundance is the K-20 and K-38 

cores (Avital, 2002; Porat et al., 2003); and geotechnical characteristics across the full set of cores (Soil and Roads 

Laboratory, 1993). This section is showing the field relations of near surface sediment units. This section has lower 

lithological definition. Yet, it shows a much greater predominance of sand then figures 3, and a much less distinct 

top-most sand unit (UMS), partly bounded at its base by a terrestrial clayey-silty sand unit. The boreholes of this 

section were as anchors for thiǎ ǎǘǳŘȅΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ƳŀǇǇƛƴƎΦ  
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The top-most sand layer is maintained by a balance between sand sources and sinks. The primary source 

of the Mediterranean coastal sands of Israel is from the Nile and they are generally transported by regional 

counter-clock currents along the inner continental shelf (figure 1b), as shown by mineralogical studies 

(e.g. Emery and Neev, 1960; Pomerancblum, 1966; Nir 1984); pre-1964 visual and chemical observations 

of Nilotic flood plumes (e.g. Hect, 1964; Inman and Jankins, 1984); and seafloor scours and the distribution 

of coal particles (Golik, 1993); and direct current estimations (e.g. Emery and Neev, 1960; Almagor et al., 

2000 and references threin). In a pioneering effort Katz and Crouvi (2018) have directly monitored over 

one year the sediments transport over a 25 m deep seafloor, 2 km offshore Hadera, measuring a greatly 

variable, but consistently northwards sediment transport. In the nearshore, usually to 5 to 6 m water 

depth, sand is transported primarily by wave action and waves-generated currents (Emery and Neev, 

1960; Almagor et al., 2000; Zviely et al., 2007; Almagor and Perath, 2012). At the short term sand gradually 

builds up along the coasts in the summer, while large volumes of sand are mobilized to and from the 

coasts by winter storms and associated currents (Almagor et al., 2000, and references therein). These 

ŎǳǊǊŜƴǘǎ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ŀƴŘ ǘƻ ƭŜǎǎŜǊ ŜȄǘŜƴǘ ƻƴ ǘƘŜ ǇŜǊƛƻŘ ƻŦ ǿŀǾŜΩǎ ƛƳǇƛƴƎŜƳŜƴǘ ǿƛǘƘ ǊŜǎǇŜŎǘ 

to the arcuate coastline, resulting with converging-transport nodal points (e.g. Goldsmith and Golik, 

1980). Sand accumulation-erosion pattern across coastal obstacles shows that the long-term net nodal 

point is located approximately in front of Tel-Aviv, corresponding to waves traveling at an azimuth of 

~281° along the long axis of the Eastern Mediterranean Sea (e.g. Emery and Neev, 1960; Goldsmith and 

Golik, 1980; Shoshany et al., 1996). Thus, south of Tel Aviv the net nearshore sand transport is northwards, 

while to the north (between Tel Aviv and Haifa) the net transport is southwards. The estimated net long-

shore transport of sand gradually decreases along the Israeli coastline from ~450,000 m3/yr in Ashquelon, 

to ~100,000 m3/yr in Tel Aviv and ~85,000 m3/yr in Haifa (Emery and Neev, 1960; Golik and Rosen, 1999; 

Perlin and Kit, 1999; Almagor et al., 2000; Golik, 2002; Zviely et al., 2007). With the contribution of sand 

by coastal drainage or wind being negligible, the only other important sand is supplied by the long-term 

erosion of the coastal Kurkar cliffs and coastline (e.g. Emery and Neev, 1960; Almagor et al., 2000). Long-

term estimates of sand contribution by cliff erosion vary between 50,000 m3/yr (Nir, 1984) and ~200,000 

m3/yr (Perath, 1982; Almagor et al., 2000).  Most recently, Mushkin et al. (2016) estimated the rate of cliff 

erosion at 45,000 m3/yr based on repeated LIDAR observations between 2006 and 2015. They noted that 

sand contribution amounts to ~50% of the sand transport rate in central Israel, and therefore cliff retreat 

mitigation efforts may lead to sand deficit and increased coastal erosion. Sand loss is estimated to occur 

primarily through seaward sand transport and distribution over the shelf and basin, but also as by wind 

driven landward sand migration, sand mining and accumulation by various obstacles constructed along 

the coastline (e.g. Almagor et al., 2000). Until the construction and operation of Aswan Dam, the Nile River 

was the sand source, while since then the Nile Delta and Northern Sinai sand reserves continue the supply 

of sand (Almagor et al., 2000; Golik, 2002). Zviely et al. (2007) note that the net sediment transport rate 

at Haifa Bay did not change appreciably over the preceding 75 years, despite the potential impact of 

natural or anthropogenic changes.  

Several integrated attempts were made to evaluate the sand resources along the Mediterranean coastline 

of Israel. However, due to the technical difficulty in shallow water geophysical mapping and profiling, the 

nearshore top-most sand layer was only partially imaged and mapped. Recently this layer was investigated 

by several focused studies, associated mostly with local development projects. This study aims at combine 
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the range of newly available dataset and re-evaluate the structure and composition of the top-most sand 

layer.  

 

Data and Methodology 

At the center of this study is the collection of various datasets available, their co-registration into a 

common GIS database and workbench, and the interpretation of these data with respect to the top-most 

sand layer. The interpretation is aimed to delineate the compositional variability of the top-most sand 

layer in terms of median grain size (D50) and sand fraction, and map the depth to the base of the upper 

sand layer and top of Kurkar based on seismic sections correlated with lithological logs. Data incorporation 

and analysis were carried out at the Applied Marine Exploration Laboratory, University of Haifa, utilizing 

in conjunction Paradigm multi survey and well-databases Project desktop and ArcGIS database.  

An important part of this study was in the collection of the different datasets, many of which are restricted 

by the possessors of these data based on proprietorship or other reasons. All datasets incorporated into 

this study were obtained by proprietors/possessors permission, or from official publicly available sources 

(e.g. official governmental web sites). Thus, some of the important vintage datasets have only been found 

as figures in paper copy report, while others may have been partly or entirely lost. 

The nearshore datasets available are mostly dense surveys or traverses, focused on small areas. A few 

regional datasets, primarily the 1997-1998 Artificial Islands survey, cover pervasive areas along and across 

the Israeli shelf, but have little coverage at the shallow (<20 m) water depths. To exploit the regional 

datasets the analysis was expanded to deeper water (generally out to 35 m water depth), to reach and 

sometimes cross the 30 m Kurkar ridge belt.  This verified the pinch-out of the top-most sand layer and 

established the identification of undelaying units, allowing connecting between the localized datasets. 

Yet, major data gaps exist at water depths <20 m along the coastline, which needed to be filled by long-

range interpolations.    

 

a. Sediments characterization data 

These data include grain-size distribution parameters, used to obtain the grain-size median (D50) and sand 

fraction. Table 1 summarizes the datasets obtained and compiled by us. Sampling strategies of these 

datasets varied between surface collection of sediments by divers or grabs, and extraction of short cores. 

In either case, all datasets, except to dataset 10 in Table 1, sampled only the surficial level of the sand 

layer. The different datasets were obtained with variable quality indicators: from tables and pervasive 

plots, or digital databases, of analyzed values coupled with a full report of the acquisition and analysis 

procedures; through low quality paper-copies of grain-size distribution graphs; to D50 values plotted on 

a map. In addition, the laboratories and analysis methodologies varied, from sieves to laser diffraction 

mastersizer. In some cases the fines (<0.062 mm) and/or coarse (>2 mm) fractions were omitted, and 

needed to be conjured by us. The D50 and sand fraction values were extracted from the various datasets, 

and were registered with respect to the sampling positions in an ArcGIS database (figure 5a). In some 
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cases, the positions was manually digitized off map figures or conjured based on the available description. 

In total 451 samples were processed and incorporated into the database. 

 

Table 1. The sources of sediment characterization samples incorporated in this study. 

  Source Area 
# of samples 

Sampling method 
Sampling 

years In database Depth <35 m 

1 
Stadler et al. 

(1996) 
Ashkelon 47 47 Bed samples 1989 

2 
Sivan and Almogi-

Labin (1999) 

5 sections 

along the 

inner shelf 

35 35 Diving & collection 1996-1999 

3 
Almogi-Labin et 

al. (2009) 

Cores along 

the middle 

shelf 

28 26 
Short (0.15-0.3 m) 

cores 
2003-2008 

4 
Almogi-Labin et 

al. (2012) 

9 sections 

along the 

shelf 

29 25 Grab/box-corer 2011 

5 
Almagor et al. 

(1998) 

Across the 

shelf 
27 13 

Vibrocorer sampled 

@ 0-0.4 m 
1997-1998 

6 Levin et al. (2011) Netanya 70 70 Seafloor sampling 1996 

7 Mivdaka (2013) Herzeliya 141 141 Seafloor sampling 2013 

8 
Spier and Ben 

Yosef (2016a) 
Ashkelon 14 14 

0.25 m cores, 

collected by divers 
2016 

9 
Spier and Ben 

Yosef (2016b) 
Hadera 5 5 

0.25 m cores, 

collected by divers 
2016 

10 
Jan De Nul Group 

(2017) 
Ashdod 22 22 

Piston core sampled 

@ 0.9-1.5 m 
2017 

11 Tzadok (2018) a Ashdod 17 17 

 Repeated analysis of 

#10: Piston core 

sampled @ 0.9-1.5 m  

2017 

12 Tzadok (2018) b Ashdod 16 16 
Short cores,            0.1-

0.3 m 
2017 
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b. Lithological logs 

Lithological logs interpreted based on boreholes, cores and CPT measurements were used for correlating 

and interpreting the seismic sections. The lithological log datasets incorporated in this study are listed in 

Table 2. The lithological interpretations were incorporated into this study as obtained from the sources 

ƭƛǎǘŜŘΦ ¢ƘŜǎŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ǾŀǊȅ ƛƴ ǘƘŜƛǊ ǇǊŜŎƛǎƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ Ψ{ŀƴŘΩ ƛƴ ƻƴŜ ǎƻǳǊŎŜ 

Ƴŀȅ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ΨCƛƴŜ ǎƛƭǘȅ ǎŀƴŘΩ ƛƴ ǘƘŜ ƻǘƘŜǊΦ ¸ŜǘΣ ƴƻ ǊŜ-interpretation of lithologies from the original 

data was attempted here, mainly because the full scope of the data were usually not available. The 

lithological log depths and descriptions were digitized and co-registered with sampling positions in ArcGIS 

database (figure 5b). In addition, these data were loaded into Paradigm software as lithological well logs 

and tops, creating a separate well database for each of the sources listed in Table 2. These logs were then 

combined and displayed on the relevant seismic sections during their interpretation. Depth to time 

conversion of these logs was approximated with a constant velocity of 1500 m/sec. In total 126 lithological 

logs were incorporated in this project, out of which 88 are at water depth <35 m.  

Table 2. The lithological logs incorporated in this study. 

  Source Area 
# of samples 

Sampling method 
Sampling 

years In database Depth <35 m 

1 
Nir (1977), Shtienberg 

et al. (2016) 
Hadera 7 7 Water-Jet drilling 1977 

2 

Israel Electrical 

Company, Shtienberg 

et al. (2016) 

Hadera 41 41 Piston cores 1982 

3 
Israel Electrical 

Company, Avital (2002) 
Ashkelon 24 24 Boreholes 1993 

4 

Port of Ashdod North 

Development ς 1995, 

DHV (2011) 

Ashdod 21 21 Boreholes 1993-1995 

5 

Port of Ashdod 

Container Terminal 

Development, DHV 

(2011) 

Ashdod 10 10 Boreholes 2010 

6 Artificial Islands 

survey: Fugro 

Engineers BV (1998), 

Almagor et al. (1998) 

 

Across 

the shelf 
34 11 Vibrocore 1997-1998 

7 
Across 

the shelf 
21 11 CPT 1997-1998 

8 
Across 

the shelf 
16 11 Other 1997-1998 
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Figure 5. Distribution maps of sediment samples (a.) and lithological logs (b.) incorporated into the study database, 

color coded by the different data sources listed (Tables 1 and 2). The 35 m water depth contour is marked in white. 

 

c. Bathymetry 

Several bathymetric datasets were available for this survey, widely ranging in their acquisition times, 

resolution and expanse. However, matching the different datasets was not straightforward. The different 

datasets incorporated into this survey were all referenced to a single 5 m bathymetric grid digitized from 

a vintage contour map of the Israeli inner shelf produced by Oceana by single beam surveying. Scaling to 

time (for working with the geophysical time data) was performed with a velocity of 1500 m/sec. This 

referencing facilitated the common interpretation of the different database. It does not affect the 

accuracy of the final products, produced as maps of isopach thickness with respect to the seafloor. The 

coastline is defined in this study by the Survey of Israel official coastline, as was provided by MCCP. 

Outcrops of Kurkar at the seafloor were automatically picked from the bathymetric grid based on the 

seafloor gradient exceeding 2° (figure 6), then edited manually to omit erroneous picking. In addition, 

Kurkar outcrop outlines at shallow water depths were picked based on coloration in Google Earth images 

and the proximity of onshore cliff outcrops (figure 6). These were incorporated into both the ArcGIS and 


