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Abstract 

Aeolianites and palaeosols on the Meditcrranean coastal plains of Israel were 

investigated with luminescence dating in order to explore the sedimentological evidence 

for climate change in the area and the response to it. The dated samples were taken 

from sites between the towns of Haifa and Netanya South, which arc located in a quarry 

near the town of Habonim and further towards the coast, in a quarry North of the town 

of Hadera and further towards the coast as well as at the coastal cliff and in a sewage 

gully by the town of Netanya South. The aims of this study were to correlate acolianite 

and palaeosol exposures along the Mediterranean coast, to establish a chronology for a 

climatological interpretation, and also whether aeolianite formation and palaeosol 

development could be correlated with major climate events of the J ,ate Pleistocene in 

the Eastern Mediterranean. Over 80 samples were collected from various sites, covering 

exposures from North to South and also from East to West. They were dated with 

infrared optical stimulated luminescence (IR-OSL) and thermoluminescence (1'1,). In 

addition radio fluorescence spectra were obtained from some of thc samples and also 

their equivalent doses were determined with infrared radiofluoresccnce (IR-RI') Thc 

chronology established through the luminescence dating results showed that acolianitc 

formation and palaeosol development in the Carmel and Sharon coastal plains are 

connected with the cyclical occurrence of enhanced rainfall over the Mediterranean. 

These conditions, which also cause the Mediterranean sapropels to form, are 

characterised by a sudden increase of precipitation. The rainfall lessens over the time of 

the episode but temperatures increase. It is likely that most of the soils in the coastal 

plains developed during the humid conditions of the rainfall episodes, while sand 

accumulation and aeolianite formation took place during the arid conditions at the end 

of the rainfall episodes or shortly afterwards. A new climate-event-stratigraphical model 

for the correlation of the deposits is suggested. 
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Introduction 

History of the Ph.D. research 

The PhD was started in June 1998 at the Geological Institute of the University of 

Cologne, Germany, and was part of the German-Israeli-Foundation (GIl') project 

"Pleistocene sand migration and cyclical desertification in the Mediterranean coastal 

plain of Israel" (GIF-project No. I 435) between the Geological Institute of the 

University of Cologne, Germany, and the Zinman Institute of Archaeolo!,,>"}' of the 

University of Haifa, Israel. The GIF-project began in 1997. Two field trips to Israel 

were carried out for sampling. The first sampling campaign was from 13th to 31" May 

1997. Samples from sites along the motorway from Haifa to Tel Aviv were taken. The 

second sampling took place from 16th March to 3'J April 1998. r urther samples along 

the motorway in the Carmel coastal plain and at the coastal cliff in the Sharon were 

collected. When the PhD was started, I was employed in the project as a 

"Wissenschaftliche Mitarbeiter" at the Geological Institute of the University of Cologne. 

After half a year the PhD was transferred to the Geography and Environmental 

Management Research Unit (GEMRU) at the Cheltenham & Gloucester College of 

Higher Education, since October 2001 University of Gloucestershire, Cheltenham, UK. 

Sltperoisors of the PhD resean·h 

During the different phases in the course of the PhD research the following people 

supervised me. In phase one from June 1998 to December 1998 at the Geological 

Institute, University of Cologne, Germany, my first supervisor was Prof. Wolfgang 

Boenigk, Department of Quaternary Science, Uni\'ersity of Cologne, Germany. My 

second supelTisor was Pri\'.-Doz. Dr. Manfred Frechen, at this time at GEl\IRl', 

Cheltenham & Gloucester College of Higher Education, Cheltenham, UK. During the 

second phase from January 1999 to April 2001 at GEMRl', Cheltenham & Gloucester 

College of Higher Education, Cheltenham, UK, my first supen'isor was Priv.-Doz. Dr. 

Manfred Frechen, GEMRU, Cheltenham & Gloucester CHE, Cheltenham, l'K. My 

second supen'isor was Dr. Simon G. I,ewis, School of the Environment, Cheltenham & 

Gloucester CHE, Cheltenham, l'K, who changed during this time to Queen I\lary 

College, l"niversity of London, London, l:K. Third supen·isor was Prof. hank 

Chambers, GEl\1Rl', Cheltenham & Gloucester CHE, Cheltenham, l'K. In the third 
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phase from May 2001 to January 2004 at GEMRU, Cheltenham & Gloucestershire 

CHE, Cheltenham, UK, my first supervisor was Prof. Frank Chambers, University of 

Gloucester, Cheltenham, CK, my second supervisor was Priv.-Doz. Dr. l\lanfred 

Frechen, Institute for Applied Geosciences, GGA, Hannover, Germany, and my third 

supervisor was Dr. Simon G. Lewis, Queen Mary College, University of London, 

London, CK. For an overview over supervisors and their locations please sec Table a. 

Table a: List of location of PhD research, supervisors and their locations. 

Phase and time Location of PhD Supervisor 1 and Supervisor 2 and Supervisor 3 and 
research location location location 

Phase 1 from Geological Prof. W. Boenigk, Priv.-Doz. Dr. M. 
June 1998 to Institute, University Department for Frechen, GEMRU, 
December 1998 of Quaternary Cheltenham & 

Cologne/Germany Science, Gloucester CHE, 
Geological Cheltenham, UK 
Institute, University 
Cologne/Germany 

Phase 2 from GEMRU, Priv.-Doz. Dr. M. Dr. S. G. Lewis, Prof. F. 
January 1999 to Cheltenham & Frechen, GEMRU, School of Chambers, 
April 2001 Gloucester CHE, Cheltenham & Environment, GEMRU, 

Cheltenham, UK Gloucester CHE, Cheltenham & Cheltenham & 
Cheltenham, UK Gloucester CHE, Gloucester CHE, 

Cheltenham, UK, Cheltenham, UK 
then Queen Mary, 
University of 
London, London, 
UK 

Phase 3 from May GEMRU, Prof. F. Chambers, Priv.-Doz. Dr. M. Dr. S. G. Lewis, 
2001 to January Cheltenham & GEMRU, Frechen, GGA, Queen Mary, 
2004 Gloucester CHE, Cheltenham & Hannover, University of 

then University of Gloucester CHE, Germany London, London, 
Gloucestershire, then University of UK 
Cheltenham, UK Gloucestershire, 

Cheltenham, UK 

5 tmctllre of PhD thesis 

Chapter 1 gives an introduction into the working area and the Israeli aeolianites. A brief 

oven'iew of tectonic structures with reference to the Israeli coast follows. The 

geography and present-day climate factors arc described and the genetic models of 

Israeli coastal sand dunes are introduced in a literature review. Chapter 2 states the aims 

and objectives of the study. Chapter 3 introduces the nomenclature of aeolianites and 

palaeosols in Israel and contains descriptions of the study sites. Chapter 4 introduces 

aspects of luminescence dating in a literature re\,ie\v. Chapter 5 describes the methods 

used in this study. Chapter 6 describes the analytical results. Chapter 7 contains the 
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discussion of the results and their interpretation. The Conclusions summanse the 

findings of this study, the limitations and possible future research. References and 

Appendices follow. 
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CHAPTER 1 

Fossil coastal sand dunes in the southeastern Levant 

The (hapter aimx to giz1e a ,~eneral olJemiew q{the workin,g area lvilh 1'.\WJlpleJfrom Ibl' Cal7lJel ami 

J haroll coa.rlal plaim. The geologiml ~ycle qjjo.fJil cotlJ/al JtllJ(l dUlleJ if deJt'n·/ml. 'll'(/o!lic J/me/lln'J (!i 
the Fiaxtem Aledile/ranean and Ihe I.rrae/i (otlJ/al plainx ill parljat/ar are dixmJJI'ri. /1 /)Ji~/ .I'll/lIma!)' 
q/ the cgerwap~)' q/ I.rrael alld pre.renl-dqy climate fac/OI:r jiJlloWJ. Fillal!y Ibe reJl'clrch hiJlol)' (!f Ihe 
fJrae/i (o{JJ/al Jalld duneJ tllld their ,gemlit" mode/.r are ,goil(g 10 be looked al. 



1.1 Israeli aeolianites 

Seen from the point of global distribution the Israeli lithified coastal sand dunes are part 

of one of the four predominant locations of carbonate aeolianite on I ':arth. Major tracts 

are found in the northern hemisphere around the Mediterranean and in middle 

America/Bahamas and in the southern hemisphere in southern A frica and westl'tn and 

southern Australia. Apart from this, single outcrops of carbonate aeolianites are known 

mainly from islands in the Atlantic (BROOKE 20(H). D.\R\VIN (1851) published his 

observations of lithified coastal sand dunes on the island of St. Helena from his research 

trip with the ship Beagle in 1836 (in BROOKE 2OtI1). Another example of isolated 

aeolianites is reported in LIETZ and SUfW.-\RZB.\C1 [ (1971) from the island of Porto 

Santo (Madeira archipelago), not mentioned by BROOKE (2001). 

The geological interest of this study focusses on the fossil coastal dune sands in the 

coastal plains of Israel between the towns of Haifa and Tel Aviv. These fossil coastal 

dune sands appear as elongated morphological features more or less parallel to the 

modern coastline (Chapter 1.7.1) (Fig. 1.1 a). 

In the literature lithified dune sands are often referred to as 'aeolianites'. h>r usc and 

definitions of the term 'aeolianite' in literature and in this study please see Chapter 3.1.1. 

The following paragraphs outline general features and degrees of development of 

aeolianites and give examples from northern Israel where possible. This is intended to 

give a first impression of the working area in relation to a general geology of aeolianites. 

The special geology of the Israeli aeolianites and their soils and the description of the 

individual sample sites are given in Chapter 3. 

Like all geological structures, fossil coastal dune sands undergo the inevitable geological 

cycle of genesis and weathering. General features for coastal sand dune formation, their 

lithification and deterioration are shown in Figure 1.1 b. If a major sediment source is 

available for the supply of offshore sands, then currents and wave action can bring these 

sands ashore. 



Figure 1.1a: Area of interest and major tracks of coastal lithified dllne sands (after FRECHEN et al. 
2001). 

From there winds pick up the sand and blow them into dunes until a series of mobile 

sand dunes exists. Mediterranean-type climates, which alternate between cool, wet 

winters and hot, dry summers, encourage the stabilisation of the dune surfaces 



through the invasion and growth of vegetation. At the same time these climates are 

responsible for the cementation of the dunes through precipitation of calcium carbonate 

around the sand grains. During winter rains the in .ritll carbonate is dissolved because of 

the slighdy acidic water percolating between the sand grains. The following summer, 

when it gets drier, the dissolved carbonate precipitates as a coating or cement around 

the grains. This starts at the lower parts of the dunes and stabilises them from below. 

Contemporaneously a humic soil develops through the vegetation, which stabilises the 

dune surface. The soil increases the acidity of the groundwater which promotes further 

leaching. Underneath the humic layer a thin zone of quartz sand is left as the insoluble 

remnants of the leached sand. The processes of dissolution and concentration of 

carbonate arc mainly found at the base of the humic layer. I f it is a well developed soil 

and there is sufficient carbonate supply these processes can produce a hard layer of 

calcrete, which protects the softer calcarenite beneath it from erosion (own field 

observations and after McN.\i\L\R.\ 1986). 

In the further process of deterioration of aeolianites plant roots take advantage of 

fissures in the calcrete subsoil layer and penetrate the softer sediments below. Water 

seeping away uses these channels and thereby leaches calcium carbonate from the sand 

around and precipitates it around the plant roots. In a further stage the roots rot away 

leaving rizolithes as evidence for these processes. The channels widen and deepen into 

solution pipes with continued leaching and lengthy weathering. ,\long with these 

processes soil development proceeds and the soil deepens progressively. The subsurface 

carbonate successively dissolves with the leaching process continuing oyer geological 

time periods. More resistant parts of aeolianites remain longer. After continuous 

weathering and soil erosion the remains of these processes arc uncovered (own field 

observations 1997, 1998 and after McN.\i\L\R.\ 1986). The weathered unconsolidated 

available sediment is often included in the next formation of aeolianite, and so the 

process can be described as a cycle of lithified sand dune formation and deterioration 

(Figure 1. 1 b). 

These general features of aeolianites and their environment can be observed in the study 

area. Some introductory examples are given here. A detailed description of the study 

area and the studied sections follows in Chapter 3. 
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ICycle of lithified dune sand formation and deteriorationl 

11 Supply of offshore sands I 
+ 

12 Wave action brings sand ashore 1 Leaching processes continue over thou sand 

+ - 14 of years, the subsurface limestone/carbonate 

\3 Wind blows sand into dunes J gradually dissolves away, more resi stant parts - remain longer 

+ t 
14 Series of mobile sand dunes exist I 13 The soil cover deepens progressively I 

+ + 15 Stabilisation of dunes by vegetation I 
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• solution pipes with prolonged weathering 

1
6 Cementation of dunes through precipitation I t 

of calcium carbonate around the sand grains 
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calcrete, protects softer calcarenite beneath - 9 subsoil calcrete layer and penetrate in the 
it from erosion softer sediments beneath 

Figure 1.1b: Cy cle of coastaJ lithified sand dune formation and deterioration (cp. M cNAMARA 
1986). 

T he vegetation at the recent sand dune fields near Hadera or Netanya South 

demonstrates impressively how vegetation invades dune fields and stabilizes them on 

the surface (photo lola). 

Photo 1.1a: Vegetation stabilising tbe surface of a recent dune fieJd near H adera. 
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The cementation of the dunes through precipitation of calcium carbonate around the 

sand grains has often preserved the internal structures of ancient dunes with their 

individual foreset patterns. Two examples from the road cut of the motorway between 

Haifa and Tel Aviv show different degrees of cementation, horizontal and cross-

bedding (photo 1.1b and 1.1c). 

Photo 1.lb: Aeolianite at the motorway road cut by En-Ayyala. Single forests arc still clearly 
distinguishable although strongly cemented. Metal sign (7.5 x 10 cm) for scale. 

Photo 1.lc: Cross-stratification at an aeolianite by En-A)yala at the motorway roadcllt hetween 
Haifa and Tel Aviv. Geological hammer (see arrow) for scale. 
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An example of a soil sandwiched between two bodies of aeolianites can be seen at the 

motorway road cut between Haifa and Tel Aviv near E n-Ayyala (photo 1.1d). 

Photo 1.ld: A red soil can be observed sandwiched betweell tTVO bodies of carbollate aeoli:lIlite at 
the motorway roadclit Ilear En-Ayyala. Geological hammer (see arrow) and slln1eyor's 
staff (2 m) [or scale. 

T he increased acidity in groundwater is the reason for leaching processes taking place at 

the contact zone at the bases of humic layers with the underlying aeolianite. Many 

examples of leaching processes can be found along the motorway road cut o r in 

aeolianites further towards the sea (photo 1.1 e and 1.1 f). 
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Photo 1.1e: Leaching features in an aeolianite at dIe motorway road cut by Qara NortiJ. 
Geological hammer for scale. 

Photo 1.1f: Two solution pockets have formed in the upper part of dJe aeolianite at dJe seasbore 
near Hadera (south of the power station) through leaching Ollt dIe carbonate and tbey 
are filled with red palaeosol. Surveyor's staff (3m) for scale. 
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Rizolithes can be observed in a weak soil e.g. in a quarry near Hadera (photo 1.1g). 

Photo 1.lg: The photo shows a rizolithe in a lens of a weak soil at Power Station Quarry (cp. 
Chapter 3.2.2) near Hadera. Marker for scale. 

The above described cycle of coastallithified sand dune formation and deterioration can 

be interrupted and start again at any stage. This depends on factors like changes in 

sediment supply, both in quantity and quality, changes of climate factors like 

precipitation and temperature et cetera. This results often in complex sediment and soil 

sequences, but leaving also with this, very detailed climate records. 
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1.2 Geology 

The tectonic pattern of Israel and the I.evant is complex as the structural geology of this 

region is influenced by the surrounding four major systems of the African Craton in the 

South, the Mediterranean Basin in the West, the Alpine Orogenic Belt in the North and 

the Arabian Plate in the East. The movements of these four systems relative to each 

other are responsible for the present structural configuration of the Near I ':ast 

(HOROWITZ 1979) (cp. Figure 1.2a). 

Figure 1.2a: Elements of the structural geology oJ israel, ~lDal and the Levant (after NEEV 1975). 
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Israel 

Parts of the African Craton, the Arabo-Nubian Massif, are found in Israel in the area of 

Elat and in the southern part of Sinai, from where it extends south on both sides of the 

Red Sea. East of the Arava valley, in Jordan, it is exposed as far North as the Dead Sea. 

The Arabo-Nubian Massif was formed in the Late Precambrian and is surrounded by 

younger platform sediments, mainly of fluviatile or shallow marine facies. The 

sedimentary cover in Israel becomes thicker towards the Northwest. In the South of 

Israel a significant part of the sedimentary sequence is continental, but the northern and 

western part of Israel are covered by shelf deposits, e.g. fossiliferous limestones and 

similar rocks. Towards the West the western coastal plain and the shelf areas are 

covered by deep-sea sediments, such as marls and clays. There is no information on the 

distribution of rocks older than the Triassic, as in the western and northern parts of 

Israel the Palaeozoic is buried deeply (He )R( )WITZ 1979). 

A major s-shaped fold belt extends to the West in the Negev and the Sinai and to the 

East in Lebanon and Syria, which folds the] ,evant into a series of anti- and synclines. 

Three main folding phases along the same lineaments (not the same axes) could be 

distinguished, a pre-Jurassic system (FREUND el ell. 1975 in H()R()\XTl'Z 1979), a Late 

Mesozoic through Early Cenozoic system (Rl':NT()R and VR()\L\I\: 1951 in H()ROWIT/'. 

1979) and a Late Eocene - Oligocene folding phase (G\'IRT/'.\L \N 1970 in H( JR( l\X'ITZ 

1979). Through the ]v1iocene the folding continued (G\RFUNJ..:EI. and H()R()\X'ITZ 1 %6 

in He 1R( )\X'ITZ 1979), but did not always affect all of the previously folded structures 

(FREUND and Z.\J..: 1973 in H( )R( )\X'ITZ 1979). 

Superimposed on the folded structures in central Israel during the (~uaternar)' 

upwarping took place along a North-South direction (H( >R( l\XTI'Z 1979). This lineament 

is also conspicuous along the downthrown area of the coastal plain (NEE\' 1975). The 

region in the East of the Jordan - Arava Rift Valley is upwarped along a line of the same 

direction (H( )R( )WITZ 1979). 

At the eastern border of Israel the Jordan - Arava Rift Valley stretches south to the 

Gulf of Elat and the Red Sea Rift System, Towards the North the fault system is 

continued through the Lebanon and Syria until it reaches southern Turkey. Although 

the main streak of this fault system runs North-South a number of minor faults deviate 

in other directions to account for volume problems of ad,'ancing structures (II< 1R( l\X'IT/'. 

1979). 
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Older than the Jordan - Arava Rift Valley fault system is the so-called "Erythrean 

System". It stretches northwest - southeast and has caused, besides other structures, the 

Yizre'el Valley and the elevated block of Mount Carmel. HOR()WITZ (1979) dates the 

Erythrean System back to the Earliest Pliocene. 

Apart from the major fault systems mentioned, a huge number of small-scale faults 

exists, which are East - West orientated and cross the North - South running 

lineaments of the folded and upwarped structures. In the North of Israel, in Galilee, 

they are a major landscape feature, whereas in the South, in the Negev they are hardly 

observed. The age of these faults ranges from the Triassic onwards (l"RElIND t!I (II. 1975, 

ML\IRi\l\i 1972 in HOROWITZ 1979) to the Quaternary and some are even active today 

(HOROWITZ 1979). 

All the above mentioned fault systems consist of normal faults and are exclusively down 

to gra\'ity faulting as a compensation for the uplift of this region. Compressional 

features could not be observed (H( )R( )W!TZ 1979). 

In contrast to that, another fault system with East - West direction, is known from the 

Negev and its continuation from Jordan (B.\RT()\· 1974 in HOR()\XTJ'/. 1979), over the 

Sinai into Egypt, where it extents underneath the Nile Delta (S,\Jl) 1975). This fault 

system consists of dextral strike-slip faults and shows apart from normal faulting also 

compressional features, which are "mainly displayed as a series of equidimensional 

domes" (HOROWITZ 1979 p. 48). The faults are of post-Miocene up to Larliest Pliocene 

age and the overall shear distance of these faults is of several kilometres (1-1< )R( )WITZ 

1979). 

Eastern Mediterranean 

The Levantine Basin, as defined by NEE\' (1975), cO\'Crs the space west of an old 

structural line (hinge line), that has been active since the pre-Jurassic (G\·IRT/.~!.\:\ and 

KL\='iG 1972 in HORO\'rITZ 1979). This line runs generally North-South and follows at 

the central part of the coastal plain, the Israeli shoreline. h1rther South the hinge line 

runs east of the shoreline and bends at the Sinai coastal plain towards the \X/est. North 

of the central Israeli coastal plain, it follows South of Haifa Bay the direction of the 

"nose" of Mount Carmel, about North-North-West and extends sea\vards. I;urther to 

12 



the North it runs agalO parallel to the shoreline of the coast of I.ebanon and Syria 

(HOROWITZ 1979). 

The Levantine Basin is adjoint to Israel and I.ebanon in the J':ast, Sinai in the South and 

Cyprus in the North-West. Physiogeographically the following elements structure the 

basin: West from the Levantine Shelf several parallel fold structures accompany the 

Pelusium Line and the Levantine Platform extends West and towards the Erastosthenes 

Seamount. The platform shows two different facies, in the South the J .ate Miocene 

evaporites could geophysically not be logged ("Belt of no M"), while in the North their 

diapires are pronounced (Diapir Belt). In the South of the basin the Bardawil 

Escarpment stretches across, north of the Nile Delta and the Sinai Shelf. The main 

structures of the Levantine Basin are orthogonal to each other and either parallel the 

Le\'antine coast in the East or the coast of North Africa in the South of the basin 

(HOROWITZ 1979). 

Wide synclinoric and anticlinoric structures, layed out ell iti,l'iOIl, can be observed as 

much as 150 km offshore the Levantine coast with varying amplitudes up to se\'eral 

kilometres (HOROWITZ 1979). 

The Roman settlement of Pelusion on the offshore bar of the Bardawil Sebkha gave its 

name to the so-called Pclusium Line. This line runs about 50 - 00 km offshore parallel 

to the Levantine coast and follows a Southwest direction, crossing the Suez Canal and 

the Nile river, crossing into the African continent. NEr·:\, (1975) and NEE\' eI (II. (19H7) 

suggested that this lineament represents a compressional zone which divides the Central 

Leyantine and Arabian Plate from the Mediterranean Plate. 

Another structural important feature is the Bardawil Escarpment. The fault zone has a 

vertical throw of about 1 km. Parallel to the Escarpment runs the boundary of the two 

belts with the facies differentiation, which is thought to be controlled tectonically 

(HOR()\X'ITZ 1979). 

In the North the Levantine Basin gradually changes through Cyprus into the fold belt of 

Turkey, Greece and Crete, which might constitute an uplifted part of the midocean 

ridge of the Tethys. The crust of the Levantine Platform is specified to be oceanic to 

semioceanic (NEE\' 1975). 

The age of the structural movements of the Levantine Basin is reconstructed by 

G\'IRTZ:-,L\:--: (1970 in HOROWITZ 1979) mainly from drillings on the Israeli coast. The 



tectonic activity of the major fold systems in the l.evantine Basin looks to have taken 

place since the pre-Jurassic and have controlled the facies of the sediments since then 

(HOROWITZ 1979). 

It is pointed out by GYIRTZi\L\N (1970 in H()R()\X'ITZ 1979) that the basement of the 

coastal plain of Israel is faulted in an en e(/Je/ol1 pattern stretching north - south. 

(H( )ROWITZ 1979) puts this down to a misidentification of Miocene and Pliocene strata 

by Gvirtzman and argues that subsurface step faults that might be observed are of J .ate 

Miocene to Early Pliocene age. This view is supported by the folding of J .ate Miocene 

evaporites in the Mediterranean, the Red Sea and the Gulf of Suez and that in the 

Earliest Pliocene also the Bardawil Escarpment was formed. 

Two phases of structural movements can be singled out in the J .evantine Basin. hrstly, 

a phase of folding took place along North - South extended directions. This phase 

began at least in the early Mesozoic and intermittently took place until the I ':arly 

Tertiary. Secondly, a phase of faulting took place along North/East - South/West and 

East - West extended lines. This tectonic activity commenced at the beginning of the 

Pliocene and is in a small scale still active today (H< HH )\X'ITZ 1979). 

Late Qllaternary tectonic activity in tbe Mediterranean comta! plain 

From data of boreholes and geophysical research G\'IR'1'Z,\I.\l\: (1970 111 H< lR< )\\TJ'/. 

1979) suggested two systems of pre- and post-Miocene faults along the coastal plain: a 

longitudinal one, running generally parallel to the present coastline, and the other faults 

bearing parallel to the Erythrean system. 

According to HOROWITZ (1979) the fault system of the coastal plain is problematic. He 

states that no faults can be observed definitively as they would be covered by younger 

sediments. He also comments that the structure of the coastal plain can be the result of 

folding and channelling, without any faulting at all. H( lR( )\,\'1'1'/. comments that the 

information brought forward by G\'IRTZJ\L \N would not be sufficient enough to place 

so many faults along the coastal plain. He therefore favours the hypothesis of ITZll.\KI 

(1955 in H( )R( )\X'ITZ 1979) of folding and downwarping of the coastal plain. 

NEE\' e/ ell. (1973) looked at the height abovc sea level of (,'/J'~YlJlen'J beds and dated some 

specimens of G/yq!JleriJ JI;o/ace.rCf1lJ by radiocarbon. They also observed thc ancient 
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Herodian harbour at Caesarea and reported parts of the breakwaters of the harbour to 

be submerged since its construction by 10 to 15 metres. They concluded that the coastal 

zone from Ashqelon to Caesarea was downwarped and submerged under the 

Mediterranean Sea. In a later event the offshore littoral zone in the West of the assumed 

North-South running fault line (which crosses also the Herodian harbour) remained 

submerged, while the area East of the fault line was uplifted to its present position. 

NEE\' et al. (1973) assume this to have probably occurred later than 700 a HP, but at the 

earliest at 3,800 a HP. Eustatic reasons for the deposition of the (;!ytJ!lJJerir beds arc 

rejected by the authors with the argument that there is no evidence for a transgressive 

sea level that reached far inland (NEE\' et al. 1(73). 

More recent publications by t-.i\RT and PEREC\L\N (19%) and by G\LIL1 and SII.\R\Tl' 

(1998) re-assess the problem of neotectonic activity in the coastal plains of Israel. l\1.\RT 

and PEREOL\N (1996) conclude from high-resolution seismic reflection surveys that 

coast-parallel faults displace both the submerged aeolianite, which runs along the coastal 

zone, and the submerged Herodian breakwaters. The obsetyed faults have offsets of 1 -

3 m, downthrowing the seaward flank and leaving the landward flank stable. The 

neotectonic acti"ity along the Mediterranean coast of Israel is seen as a consequence of 

the Pliocene - Quaternary subsidence of the southeastern Mediterranean basin (M.\RT 

and PEREOL\N 1(96). 

G.\LILI and SH.\R\'IT (1998) re-examined coastal archaeological structures and geological 

indicators for neotectonic activity along the Israeli coast from North to South. They 

found that coastal pools, channels and quarries are found today at sea level or very close 

to it and are still able to function. As regards the submerged and collapsed breakwater of 

the Herodian harbour at Caesarea they point out that the submerged western part of the 

breakwater was built on an unconsolidated interdune (inter-aeolianite) surface, while: the 

still functioning part is located on the aeolianite ridge in the coastal zone. The western 

part of the breakwater was therefore exposed to marine erosion, with the settlement of 

the foundations into the sediment (G.\LILI and SI L\R\Tl' 199H). They also comment that 

it was a common ancient building practice of harbours and similar architectural 

structures, to lower into the water huge blocks of stone (50 x 10 x 9 feet or bigger) until 

the foundations had risen to water level, as was described by the Roman historian 

Josephus Flavius about the construction of the Caesarea harbour (( ;.\L1L1 and Sl L\R\Tl' 

19(8). Therefore the submerged parts of the western breakwater of the Herodian 
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harbour cannot count as an argument for tectonic subsidence. Apart from the 

discussion about the breakwaters of the Caesarean harbour G \ULI and SI L\RVIT (199H) 

suggest that the step-like feature which can be observed in the seismic profiles of M.\RT 

and PEREOL\N (1996) is suspicious because it is just at the western edge of the 

submerged aeolianite ridge and it may be sub-bottom topographic profile of the western 

boundary of the aeolianite ridge rather than a tectonic fault. G.\LJLI and SI!.\R\'IT (199R) 

conclude from their observations along the Israeli coast that the coast is stable and there 

were no neotectonic movements during historical times. 

Many others have contributed to the discussion of neotectonic activity along the Israeli 

Mediterranean coast earlier. Two schools of thought have emerged, the "activists" and 

the "stable-ists" (Table 1.2.1 a). 

Table 1.2.1 a: List of authors who support ("Activists") or oppose ("Stable-ists") neotectonic 
activities along the coastal plain of Israel. 

"Activists" 

NEEV et al. (1973) 

NEEV et al. (1987) 

MART and PERECMAN (1996) 

"Stable-ists" 

GAUU and SHARVIT (1998) 

However, regarding the North-South running faults along the Mediterranean coast of 

Israel, it seems to be safe to assume that the aeolianites onshore are not affected by 

neotectonic movements, as the onshore zone plus the eastern part of the coast lies in a 

tectonically stable terrain, different from western parts of the coast and the shelf (M.\RT 

and PEREC\L\~ 1996). 
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1.3 Geography and climate factors 

1.3.1 Physical geography 

The State of Israel lies at the southeastern end of the Mediterranean Sea. Israel is from 

North to South about 400 km (250 miles) long and extcnds at its widcst point from I ~ast 

to West about 121 km (75 miles). Its bordcrs are in the Northcast to Syria, in thc j':ast 

and Southeast to Jordan, in the Southwest to Egypt, in thc West and Northwest to thc 

Mediterranean Sea and in the North to Lebanon. Israel covcrs an area of 20,70() km 1 

(7,992 square miles). This does not include 7,477 km1 (2,887 squarc milcs) of the Israeli­

occupied or scmiautonomous territorics in thc Golan I-Icights (in the Northcast), the 

West Bank and East-Jerusalem (in thc East) and thc Gaza Strip (in the Southwest) (LB 

1997). 

Four physiogeographically regions of Israel can be distinguishcd (I m 1997): 

The Mediterranean coastal plain at the most western part of the country, which is about 

185 km (115 miles) long and measures only 32 km (20 miles) across at its widest point. 

The mountainous region, which extcnds from the northcrn border along thc lsraeli­

occupied West Bank and reachcs into ccntral Israel. 

The Rift Valley stretches out along thc eastern boundary of the country to the (;ulf of 

Aqaba in the South. The Rift Valley contains the Dead Sea, which 400 m (1,312 feet) 

below sea leyel is the lowest point on the surface of thc I ':arth. 

The large region of the Negev desert, which occupies almost the entirc southern half of 

Isracl. 

1.3.2 Relief and drainage 

The ~leditcrranean coastal plain is a yery narrow strip, only widcning in the South. The 

GaWee Mountains in the North of the country build thc highest part of Israel. The 

highest point in the mountains of Galilee is Mount l\lcron (Jebel Jarmaq) at 1,208 m 

(3,963 feet). The mountain region ends to thc I ~ast in an cscarpment which overlooks 

thc Rift Valley. The Plain of Esdraclon (Emcq Yizre'el) runs about Northwest -

Southeast, separates the GaWce mountains from the Samarian and Judean hills and joins 

the coastal plain with the Rift Vallcy. From thc hills of Samaria and Judea the l\[ount 
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Carmel range extends in a Northwest direction and nearly reaches the coast at Haifa. 

The highest peak in the range is at 546 m (1,791 feet) (EB 1997). 

In the East the Rift Valley forms a long fissure in the crust of the I ':arth which extends 

from beyond the Israeli northern borderland along the length of the country to the 

South and the Gulf of Aqaba. The river Jordan gushes forth at the frontier between 

Israel and Jordan. At Dan in the North it is 152 m (SOn feet) above sea level and from 

there it flows South into the Hula Basin ('Emeq Hula) at about sea level and onwards 

into the Yam Kinneret (Sea of GaWee, Lake Tiberias), which is 210m (()H9 feet) below 

sea level. The Jordan continues into the Dead Sea. In the South the Negev desert builds 

a triangle-shaped piece of land which points to Eilat (Elat) at the (;ulf of Aqaba (1':13 

1997). 

The main drainage is through the river Jordan and its tributaries. Two other important 

rivers are the river Yarqon and the river Qishon. The Yarqon runs into the 

Mediterranean Sea at Tel Aviv and the Qishon flows through the western part of the 

Esdraelon Plain (yizre'el Valley) and empties into the Mediterranean Sea at Haifa. I-'<)r 

the most part all other streams are seasonal and flow through streambeds called wadis 

(EB 1997). 

1.3.3 Late Pleistocene palaeoclimatic record of the eastern Mediterranean 

Information about the late Pleistocene palaeoclimate in Israel and the Levante derives 

from terrestrial and marine records and the link between them. Climate proxies from 

these records allow an accurate and detailed reconstruction of the palaeo-environmental 

conditions of the area. 

Terrestrial records 

B.\R-M.\TfHE\,\'S et al. (2000) investigated oxygen and carbon isotope records of 

speleothems from the Soreq cave in Israel (Figures 1.3.3a and 1.3.3b). The speleothems 

were dated with thermal ionisation mass spectrometry (rIMS) L;-series dating. The 

method yields a high precision and uncertainties under 2 (~/o (2 sigma) were observed in 

all samples but one from the Soreq cave (cp. B.\R-M.\Tn I1~\\,S 1'1 al. 2()()(), The 

inycstigated speleothems of the Soreq cave overlap with their age ranges and form a 
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continuous record of the last 140 ka. From these well-dated speleothems stable isotope 

records of 0180 and 0 13C were established from 3800 samples, yielding also a high 

accuracy. 
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Figure 1.3.3a: Oxygen isotope data of sp eleothems of dlC Soreq Cave in Isracl (from BAR­
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Variations of the 8180 concentration of carbonate layers from speleothems along their 

growth axis can be used as proxies of palaeotemperatures. Air and water movements in 

a cave need to be slow, so that a thermal equilibrium can be established between the 

bedrock and the air in the cave, reflecting the mean annual surface temperature. During 

the precipitation of the calcite from drip water, fractionation of oxygen isotopes takes 

place which depends on the surrounding temperature. Therefore the OIHO concentration 

of calcite from speleothems should indicate the surface temperature through time 

(BR. -\DLEY 1999). 

The isotopic equilibrium of the calcite with the drip water can be tested by analysing 

81KO concentrations from different samples taken from the same growth layer. Isotopic 

equilibrium can be assumed if the values do not vary. I f variations of the values can be 

observed, this indicates evaporation rather than a slow degassing of C( )2' and an 

alteration of the temperature-dependent fractionation relationship can not be excluded. 

Another test for isotopic equilibrium is to compare the OIHO and the o"C 

concentrations along individual growth layers. In a non-equilibrium situation carbon and 

oxygen isotope concentrations would show the same fluctuations according to kinetic 

factors by which they are controlled. If there is no correlation between the two isotopes, 

equilibrium during the precipitation of the carbonate speleothems can be assumed 

(BR. \DLEY 1999). 

Changes in &180 and 8nC of speleothems indicate primarily variations in the isotopic 

composition of ca\'e water. The isotopic composition of Gl\'e water varies with the 

isotopic composition of rainfall, so the amount of rainfall and also the isotopic 

composition of the evaporating source need to be considered. /\dditionally 

contributions of different types of vegetation (C)/C4 plants) and the a\'erage annual 

rainfall playa role (cp. B.-\R-M.\TTHEWS e/ al. 2(00). 

. . ~IHO/~I('O .. f 1 hi' C In 1l1terprettng u u vanat10ns rom spe cot ems severa OppOS1l1g lactors come 

into play for a given climatic shift (BR.\DLEY 1999): (1) With a decreasing cave 

temperature the fractionation factor between calcite and water increases, which results 

in an increase in the OIHO concentration. (2) If the air temperature at the surface 

decreases, also the 8 IHO / 8 1('0 of the precipitation decreases and accordingly the 8 1HO 

concentration in the drip water decreases. (3) During glacial periods the growth of 8 1H( ) 

depleted continental ice-sheets results in an increase of OIHO concentration in sea water 

and also in the precipitation. 
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At first variations in the 0 1RO concentrations from speleothems were interpreted as the 

result of variations in the <5 1RO concentration of precipitation with lower 0 1HO values 

indicating colder conditions (e.g. DUPLESSY e/ a/. 1970, 1971). ] ~.\lILL \NI (1972) observed 

that the 0 1RO concentrations from speleothems, interpreted by DUPLESSY e/ a/., were 

inverse to 0180 concentrations from oceanic foraminifera indicating palaeotemperatures. 

E'\[]Ll.\~1 (1972) concluded that variations of 0 1HO concentrations from speleothems 

were not controlled by the 0 1HO concentrations of precipitation, but by temperature­

dependent fractionation. This was later confirmed by the measurement of inclusion 

waters from speleothems. The 0 1RO concentrations of speleothem calcite increase with 

falling temperatures (BR.\DLEY 1999). 

Records of 0 1RO concentration of speleothems of the Sorey are interpreted accordingly 

(e.g. R\R-}.[\ 1THE\X'S e/ a/. 1997, 2000). Investigations on inclusion waters from 

speleothems of the Soreq cave and two other caves in Israel confirmed the 

interpretation (cp. MCG.\RRY e/ al. 2004). 

B.\R-~L\1THEWS e/ a/. (1997) established also the relationship between mean annual 

rainfall (mm), the 0 1RO (SMOW) concentration (%0) of rain and the 0 1RO (SMOW) 

concentration (%0) of cave water for the Soreq cave (Figure 1.3.3c). The relationship 

between 0 1RO (SMOW) concentration (%0) of cave water and the 0 1HO (PDB) 

concentration (%0) of low magnesium calcite (LMC) from the speleothems after O'Nrm, 

e/ a/. (1969) is also given there (Figure 1.3.3d). 
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Figure 1.3.3c: Relationship of (j180 (SMOW) (%0) of rain and of Soreq cave water as function of 
the annual rainfal/ (mm) (trom BAR·MA TrIlEWS et ai, 1997). 
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of cave water and the (jl80 (PDB) concentration (%0) of low magrJesium calcite (LMC) 
from speleothems (from Bar-Matthews et al. 1997). 

The 813C (PDB) (%0) concentration of speleothems in the Soreq cave depend on the 

contribution of the surrounding rock (dolomite) , the contribution of CO2 from soils 

depending on C3/C4-type vegetation and on CO2 degassing and carbonate precipitation 

processes (Rw-MATIHEWS et aL 1997). Owing to differing photosynthesis of different 

plant species, depending on climatic conditions, isotopic fractionation of carbonate 

occurs. C3 plants correspond to highest 813C depletion, and C4 plants to lowest depletion 

of 813C (cp. BRADLEY 1999) (cp. Figure 1.3.3e). 
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Figure 1.3.3e: Concentrations of t5llC (%0) of C) and C4 grasses (CERLING and Q UADE 1993 cpo 
BRADLEY 1999). 
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C3 plants are found predominandy ill the northern hemisphere owmg to the cool 

growing season, and this compares with a mixture of C3/C4 plants in tropical and 

temperate deserts, semi-deserts, dry steppes and tropical scrubs and woodlands 

(CERLING and QUADE 1993 cpo BRADLEY 1999) (cp. Figure 1.3.3t). 

Figure 1.3.3/: The general distribution of CJ and C4 plants (CERLING and QUADE 1993 cpo 
BRADLEY 1999). 

BAR-MA TIHEWS et aL (1997) gtve the 0180 %0 (PDB) versus the 0 DC %0 (PDB) 

concentrations of 400 data points measured on speleothems of the Soreq cave (Figure 

1.3.3g). 
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Figure 1.3.3g: Isotopic compositions 0180 %0 (PDB) versus OIJC %0 (PDB) of 400 data points 
measured on speleothems of the Soreq cave. The shaded area represents the present-day 
0180 versus OllC concentrations (from BAR-MATTHEI'f'S et al. 1997). 
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From the elMO %0 (PDB) and the eDC %0 (PDB) concentrations and the speleothem 

growth habits R\R-M.\TIHEWS et al. (1997) estimated the elXO %0 (SMOW) 

concentration of cave water, the temperature range (OC), the mean annual rainfall (mm) 

and then determined the vegetation type for the time period of 25 ka to present. This 

record from the Soreq cave was extended from 140 ka to the present by B.\R­

M.\TIHE\VS et al. (1998a, 1998b, 1999 and 2000) (cp. };igures 1.3.3a and 1.3.3b). 

For the time between 60 - 17 ka, which corresponds to the last glacial period, they 

observed quasi-periodic changes in the OIXC) and the O"C concentrations at a millennia I 

time scale. The isotopic values were on average 2 %0 higher than during the period from 

17 ka to present. l\faximum elRO values were obscn'cd at about - 2.2 (~'O() and maximum 

o "c values at about - 8.5 %0 and are recorded at 46, 35, 25 and 19 ka reflecting the 

coldest and driest conditions of the period (cp. Figures 1.3.3a and 1.3.3b) with mixed C, 

and C4 type vegetation. When 81RO and 8"e values arc at their lowest as during event 

#II at 54 ka, warmer and wetter conditions arc indicated (cp. hgures 1.3.3a and 1.3.3b) 

(B.\R-M.\TIHE\X'S el al. 2000). 

Between 17 to 7 ka very sharp drops in the elRO concentration (- 2.2 to - 6.5 0/(0) and 

the 8De concentration (- 8.5 %0 to - 13 %0) were observed, which show an inten·al of 

increasing temperature and annual rainfall (B.\R-M.\TJ'lI/O:\X·S 1'1 al. 20(0). hom H.5 to 

7 ka a very wet period (event #1) occurred with annual precipitation nearly double that 

of the present, during which elRO values were as low as - 6.5 o!{){) and the e"C 

concentration showed maximum values of circa - 5.0 to - 4.0 %0 (cp. hgures 1.3.3a and 

1.3.3b) (B.\R-l\l -\ TI'HEWS et al. 2000). 

For the time period of 140 to 60 ka R\R-M.\1TIIEWS 1'/ al. (2000) observed three further 

low elKO events between 130 to 75 ka, which corresponds with the interglacial period of 

marine isotopic stage (MIS) 5 (cp. Figure 1.3.3a). The three events occurred at 124 to 

119 ka (event #V), at 108 to 100 ka (#IV) and at 85 to 79 ka (event #III) and indicate 

also periods of enhanced rainfall. 

Events #V and #1 show similar characteristics. They are characterised by ,'cry 10\\1 8 1KO 

values together with high ene values indicating very wet climatic periods .. \nd it is likely 

that evcnt #\' had a higher rainfall intensity and/or warmer temperatures than en'nt # I 

(B.\R-M.\ TITIE\X'S et a/. 20(0). During the glacial-interglacial transitions from MIS () to 

l\fIS 5 and from MIS 2 to MIS 1 the most pronounced isotopic changes occurred in the 

speleothems from the Soreq can. 
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B:\R-tL\ITHEWS et al. (2003) compared also proxy climate data from speleothems of the 

Soreq cave with the of the Peqiin cave and were able to show that because of the 

location of the caves and their comparable records, which the terrestrial climate records 

R-\R-M.-\TIHEWS et al. (1997, 1999, 2000 and 2003) presented, reflect not only local 

climatic changes but the of a wider area. 

Marine records 

Proxy climate information for the Levante derives also from manne cores and the 

oxygen isotope concentrations of foraminifera. 

Oxygen isotope records from benthic foraminifera reflect variations of the 8 IHO/8 11
,() 

concentrations of the oceans according to 81('0 depletions caused by the 8 11>0 reservoir 

of large ice-sheets during glacial times. The information from benthic foraminifera is 

considered as independent from surface-temperature variations of the oceans and their 

influence on the oxygen isotope fractionation processes, as there is a constant 

temperature of a few degrees Celsius at the sea-bottom (BR.-\DLFY 1999). 1\1.\RTINS( IN l'I 

al. (1987) compiled an astronomically tuned standard isotope curve from various oxygen 

isotope records based on benthic foraminifera from deep-sea cores around the world 

(cp. PISHS et al. 1984) (Figure 1.3.3h). The record reflects the 8 11'0 depletions in oceanic 

waters caused through the large inland ice-sheets during glacial periods and summarises 

general climate variations in areas close to icc-sheets. Differing local climate variations 

of small areas or climate variations in areas distant from icc-sheets are not represented 

in the standard isotope curve. 

Oxygen isotope records from planktonic foraminifera reflect apart from fluctuations of 

the ice-sheet volumes also local sea-surface temperature variations. K\LLEL et al. (2000) 

investigated oxygen isotope records of core MD84-641 which is not far off the Israeli 

coast. For core MD84-641 the oxygen isotope records were obtained mainly from 

Globi,gerinoideJ ruber (G. ruber) as the dominant species in the Levantine basin but also 

from Globigerina blllloideJ when G. ruber were absent during cold periods (K.\LLEL e/ eI/. 

2000). In these cores non-sapropel sediments alternate with sapropels. Sapropels are 

organic carbon rich horizons that have formed during oxygen depletion of deep sea 

waters (cp. Chapter 7.2.6). Sapropels occurred during glacial and also during interglacial 
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phases. The observed low 8180 concentrations combined with low salinity values 

indicate freshwater input during sapropel formation (KALLEL ct a/. 2000). 
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Figure 1.3.3h: Astronomically tuned SPECMAP record of oxygen isotope variations based on 
benthic foraminifera of deep-sea cores arollnd the world (redrawn from MARTINSON 
et al. 1987). 

W ELDEAB et aL (2002) presents the oxygen isotope record from G. ntber from three 

eastern Mediterranean cores, from which core KL83 like core MD84-641 is direcdy off 

the Israeli coast (Figure 1.3.3i). 
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Figure 1.3.3i: Oxygen isotope records trom Globigerinoides rllber of three eastem Mediterranean 
cores, trom which core KL83 is just off the Israeli coast (trom WELDEAB et al. 2002). 
Sapropels are indicated as 51 and 53-59. 
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Because the fluctuations through variations of ice-sheet volumes are not isolated in 

these oxygen isotope records from fluctuations caused by varying sea-surface 

temperatures from local climates, the oxygen isotope records from planktonic 

foraminifera of eastern Mediterranean cores mirror generally the global standard-isotope 

curve (e.g. MARTINSON et al. 1987). But it can also be observed from core KL83 that 

glacial-interglacial changes are much more pronounced compared to the standard­

isotope curve and that the 0180 concentrations are extremely low during sapropel 

formation (WELDEAB et al. 2002). These low BI 80 concentrations together with a 

drastically reduced dust input from the Sahara, which was also not balanced through 

sediment influx from rivers into the Eastern Mediterranean during this time, indicate a 

denser vegetation cover during more humid conditions. Physical erosion and sediment 

removal from the source areas were reduced (WELDEAB at al. 2002). 

In order to provide a chronology for the sapropels observed in core KL83 the oxygen 

isotope record can be compared with the standard oxygen isotope curve (Figure 1.3.3j). 
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Figure 1.3.3j: Comparison of the oxygen isotope record of core KL83 on the left (from WELDEAB 

et al. 2002) and the standard oAygen isotope cllrve on the right (redrawn from 
MARTINSON et aJ. 1987). According to the sedimentation rate the oAygen isotope cllrve of 
core KL83 differs from the standard oxygen isotope clIrve. For sapropels Sl and S3 to S6 
on the right cpo KALLEL et aL (2000). 
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K\LLEL et al. (2000) subtracted further the oxygen isotope record of the benthic 

foraminifera Cibiddes wuellerstorfi from the oxygen isotope record of the planktonic 

foraminifera G. mber on core MD77-169 of the Andaman Sea, Bay of Bengal, Indian 

ocean. This resulted in a record reflecting mainly changes in the oxygen isotope 

concentrations of the surface water. From this K\LLEL et til. (2000) were able to show 

that the Mediterranean sapropels coincided with a decrease in the surface salinity of the 

Andaman Sea and an increase in the strength of the Indian summer monsoon. 

Additionally, the sapropels coincide with peaks of the summer insolation of the 

northern hemisphere. 

Altogether this shows that high summer insolation of the northern hemisphere was 

responsible for enhanced atmospheric transport of freshwater to both Asia and the 

Mediterranean basin (K\LLEL el al. 2(00). 

Alkenone unsaturation ratios from marine phytoplankton can also be used to 

reconstruct palaeo-sea-surface-temperatures. Certain phytoplankton respond to 

temperature changes by changing the molecular composition of their cell membranes 

and produce less unsaturated alkenone with increasing water temperature. The 

information from alkenones is independent from salinity changes and isotopic 

composition of the sea water (cp. BR.\DLEY 1999). 

Alkenone records for the Eastern Mediterranean wert' investigated by K\LLFL el til. 

(1997,2000) and E\IEIS el til. (1998, 2000a, 20m). E\Il~IS e/ til. (2000a) e.g. calculated sea 

surface temperatures from alkenone un saturation ratios around sapropel S 1 (hgure 

1.3.3k) and found that average sea surface temperatures were low during the last glacial 

and at about 11 - 15° C for the period between 16 - 13 ka. At the beginning of the 

Holocene the sea surface temperatures varied rapidly and increased during the sapropel 

S 1 formation (between 9.5 - 6.6 ka) to 17 - 18° C. During the sapropel S 1 formation a 

temperature gradient of 2 - 3° C between western and eastern Mediterranean sub-basins 

was maintained like today. After the sapropel S 1 formation temperatures haye fluctuated 

close to 20° C in the Eastern Mediterranean (E\!EIS e/ til. 2000a). 
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Figure 1.3.3k: Sea surface temperatures (SST) from alkenone lIDsaturatioD ratios of tbree 
Mediterranean cores, from wbicb ODP core 967 is situated in tlle Levantine basin (open 
circles) (from EMEIS et al. 2000a). 

EMEIS cl aJ. (2003) calculated sea surface temperatures from alkenone unsaturation ratios 

after the equations given by MULLER cl aJ. (1998) and TERNOIS ct aJ. (1997) for the time 

intervals bracketing the sapropel events S10 - S3 and Sl for the eastern Mediterranean. 

Across the Pleistocene sapropel intervals, sea surface temperatures increased between 

0.70 
- 6.7 0 C. They also found that the oxygen isotope composition of sea water shows 

the 8180 depletion during sapropel formation to be most pronounced at their base. This 

is in agreement with an initial input of monsoon-derived freshwater METS et al. 2003). 

From the calculated sea surface temperatures they were able to show that most 

sapropels coincide also with temperature increase. The exceptions are (1) the "glacial" 

sapropel S6 (176 - 170 ka), for which after an initial rapid warming colder sea surface 

temperatures are recorded, but along with a very strong 8 180 depletion, and (2) another 

period with a strong 8180 depletion at the insolation maximum at around 150 ka but 

with cold sea surface temperatures, which is because of the cold sea surface 

temperatures not expressed as a sapropel, but coinciding with a strengthened monsoon 

(EMEIS et aJ. 2003). 

link between terrestrial and marine records 

BAR-MATTHEWS ct aJ. (2003) found that their 81RO records from the speleothems of the 

Soreq and the Peqiin caves match excellently the 8180 records from G. ruber in the 

Eastern Mediterranean. R,\R-MATTHEWS ct aJ. (2003) established the link between 

terrestrial and marine oxygen isotope records by subtracting 8 1MO values of speleothems 
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from the Israeli caves from the 8180 values of C. rtlberof core MDS4-6S1 in the Eastern 

Mediterranean (cp. FONTUGNE and CALVERT 1992). T he result was a relatively constant 

isotopic compositional difference o f -5.6 ± 0.7 %0 showing that both terrestrial and 

marine records respond similarly to the same climatic changes. Minimum 8180 values of 

speleothems coincide with high cave water stands and indicate increased rainfall on land. 

While similarly, low 8180 values from G. nlber together with sapropel formation indicate 

enhanced rainfall over the Mediterranean. The close match between terrestrial and 

marine oxygen isotope records from speleothems and C. rtlber respectively, show that 

both systems experience events of enhanced rainfalls simultaneously (Bf\R-MATTHEWS 

et al. 2003). 

Through this link between terrestrial and marine o}..,),gen isotope records it was now 

possible to use sea surface temperatures from alkenone unsaturation data as proxy for 

land temperatures at the caves and to calculate 8180 values of palaeo-rainfall and the 

amounts (BAR-MATTHEWS et al. 2003). The 8180 of C. mber of three periods (cp. EMEIS 

et al. 1998, 2000a) match the 8180 record from the speleothems well (Figure 1.3.31). 
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Figure 1.3.31: Oxygen isotop e records of G. ruber from ODP site 967 (op en circles) (EMEIS et aI. 
1998, 2000a) and oxygen isotope records of speleothems (solid circles) against time (from 
B AR-MA 1THEWS et aJ. 2003). Age (Kyr) = Age (ka) . 
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The three well matching periods are between 128 - 117 ka during sapropel S5, between 

85 - 78 ka during sapropel S3, both during marine isotope stage (MIS) 5, and a period 

during the Holocene between 16 ka to the present which includes sapropel S 1. 

For the three selected periods BAR-MA TIHEWS ct af. (2003) calculated fIrst the 8180 of 

cave water from the speleothems 8180 values and the matched alkenone temperatures 

using the calcite-water equation of O'NEIL ct al. (1969). Secondly, they subtracted 1 %0, 

the difference of present-day rainfall to present-day cave water, to obtain the rainfall 

values (Figure 1.3.3m). The rainfall values from the Soreq cave area could then, thirdly, 

be converted into estimates of palaeo-rainfall amounts (Figure 1.3.3n) by assuming the 

modern relationship of annual rainfall amounts and the 8180 values of the Soreq cave 

were also valid in the past (BAR-MATTHEWS ct af. 2003). 
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With this B.AR-MATTHEWS et aL (2003) established not only for the ftrst time the link 

between terrestrial and marine climate records of the Eastern Mediterranean but showed 

that the rainfall episodes connected with minimum 8180 values in both systems were 

characterised by maximum rainfall and lowest temperatures at the beginning of the 

event, which then followed a decrease in rainfall and an increase of temperatures until 

arid conditions were reached (BAR-MATTHEWS ct al. 2003). This pattern is not only valid 

for the examples of the rainfall episode connected with the formation of sapropel S3 

and the period between 8 ka and present-day, which BAR-MATfHEWS ct al. (2003) used 

to demonstrate the palaeo-rainfall amounts, but also for the rainfall episodes connected 

with the sapropels SS and Sl for which they also calculated palaeo-rainfall amounts. 

To summarise: m the Eastern Mediterranean both systems, terrestrial and marme 

oxygen isotope records, from speleothems and Globigennoides rttber, respectively, generally 

mirror the standard oxygen isotope curve (e.g. MARTINSON et al. 1987) although they 

show more pronounced glacial-interglacial transitions. Both systems react 

simultaneously to the climate variations in the same fashion, as it is possible to match 

oxygen isotope records from G. rttber from eastern Mediterranean cores with oxygen 
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isotope records from Israeli speleothems. In both systems indicated periods of 

enhanced rainfall are in tune with insolation maxima of the northern hemisphere and 

with periods of a strengthened Indian monsoon. In the oxygen isotope records the 

periods of enhanced rainfall are expressed as OIHO minima, accompanying high cave 

water stands on land and salinity decrease in the Mediterranean Sea. I n the marine 

environment most of the periods of increased rainfall arc connected with the formation 

of sapropels, although during cold climatic periods episodes of enhanced rainfall arc not 

always expressed as sapropels in the marine sediment. hom the amplitudes of OIHO 

depletions in the marine systems together with salinity concentrations and alkenone 

temperatures it seemed to emerge that the periods of enhanced rainfall show a 

monsoon-like character (K.\LLEL e/ a/. 2000). hom the link between terrestrial and 

marine records and the calculations of palaeo-rainfall amounts it was possible for B.\R­

l\h TIHEWS e/ a/. (2003) to establish a pattern for the rainfall episodes, with enhanced 

rainfall and low temperatures at the beginning and a decrease in rainfall amounts and 

increase in temperatures to arid conditions during the episode. 

1.4 Genetic models of the Israeli coastal sand dunes 

The Israeli coast is part of the southeastern corner of the Levantine basin and the Nile 

littoral cell. The coastline between the Egyptian and I.ebanese border stretches for 

about 230 km. The coastal plain of Israel shows a low relief and only in the North is the 

shore reached by two mountains, the Carmel Mountain and the mountains ridge at Rosh 

Haniqra, both Cenomanian (NIR 1985). In the South the width of the coastal plain is 40 

km, while towards the North it narrows to only a few hundred metres. A long part of 

the coast is formed by a cliff which varies in height between 40 and 2 m. I t is composed 

of Pleistocene rocks and sediments: aeolianites (carbonate-cemented quartz sandstone), 

red soils, other soils and sand at various stages of cementation. The aeolianites - locally 

called "kurkar" - and the intercalated red soils form elongated ridges, so-called "kurkar 

ridges". These ridges run more or less parallel to the present-day shoreline. The kurkar 

ridges are exposed in the coastal plain onshore or at the shallow shelf offshore and also 

offshore covered under Nilotic sediments. The ridges onshore arc discontinuous as 

se\'eral ephemeral rivers (wadis) from the eastern mountains drain into the 
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Mediterranean Sea (NIR 1985). The ridges are composed mainly of quartz, heavy 

minerals and some accessory feldspar. 

River Nile as sediment source for the Israeli coastal plain 

The aeolianite ridges and other Quaternary sediments 10 the coastal plain of Israel 

attracted early interest. U'>WENG.\RT (1928), ADLER (1934), PIC\RD and A \'Nlt\fEJ.J.:CI! 

(1937), Et\lERY and NEE\' (1960), Y\.\LON (1967) and others, concluded that the 

aeolianite ridges were the result of sand, transported from the river Nile delta east- and 

northward by Mediterranean currents along the shore and blown onshore by landward 

winds (K\R.\IELI e/ al. 1968). E.\IERY and NEE\, (1960) confirmed by heavy mineral 

analysis that the sand on the beaches and in the dune sands of Israel is most likely to 

derive from the river Nile and is transported by longshore currents. Heavy minerals 

from the beach sands near the western mouth of the Nile river show a high content in 

augite (25 %) and hornblende (40 %). That is similar to the concentration in sediments 

in the lower part of the river Nile (E.\1ERY and NEE\' 19(0). Because the Atbara river 

drains through the volcanic massive of Abyssinia/Ethiopian Plateau before it flows into 

the Nile river at about 1500 km upstream, it carries the high concentration of augite 

which can be observed. Near the Egyptian border to Libya beach sands contain high 

concentrations of zircon (39 %) (SHUKRI and PIIILIP 1956a in EMERY and NEI~\' 19(0), 

which is likely to derive from the Nubian sandstone. Towards the East between Port 

Said and Gaza the concentration of augite and hornblende lessens, whereas there are 

higher concentrations of zircon, rutile and garnet. This change is thought to come from 

the loss of weathered minerals during transport and from the mixing with new sand 

input from the Sinai sea cliffs and wadis (Ei\IERY and NEm' 19(0). This overall trend 

continues North of Gaza, where the concentration of augite decreases, while the 

concentration of hornblende (65 %) is high on Israeli beaches. That the amounts of 

tourmaline and zircon in Israeli beach sands are far less than in I,ibyan beach sands 

shows that the sediment discharge of the river Nile outweighs the sediment input from 

the African coast West of the Nile mouth (Ei\[ERY and NEm' 19(0). A comparison 

between the heavy minerals contents of the beach sands and dunes with the kurkar 

ridges (aeolianites and their soils) shows that the kurkar ridges contain similar 

concentrations than the beach sands and dunes, with a high content of hornblende. The 

concentrations of epidote and zircon are higher in the aeolianites than in the recent 
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sands (beach and dunes), which points towards a weathering sequence of less stable 

minerals (e.g. augite, hornblende) and the resulting concentration of the more resistant 

minerals (e.g. zircon, rutile) (E.\IERY and NEE\, 1960). In Egyptian aeolianites the same 

weathering sequence was noted (SUUKRI and PIIlLIP 1956b in EMERY and NEE\, 19(0). 

The analyses by E.\IERY and NEE\, (1960) also made clear that the contribution of river 

sediments to the beaches of Israel is only minor with some local exceptions along the 

northern part of the Israeli coast. E.\IERY and NEEV (1960) conclude that because the 

river Nile is the only large river along the northern coast of Africa that is able to 

contribute significant amounts of sandy sediment into the Nile littoral cell, and beach 

sands west of the Nile delta show a different mineral composition than in the I ':ast, it 

seems reasonable that the river Nile is the main source for the "detrical and main 

fraction" (p. 10) of the beach sands of Israel. There may be some additional sediment 

contribution from the Sinai peninsula. A part from the fringe of the general 

Mediterranean current which transports the sands east- and northward, there are also 

some wave-induced currents responsible for the sediment transport. \X'aves arrive on 

the Israeli coast from about 2800 (azimuth of crest: (10). The curvature of the Israeli 

coast causes the wave-induced current in the North of the Israeli coast to return some 

sand to the central part of the coastal plain in a reverse transport movement from North 

to South. Where the longshore Mediterranean current towards the North and the 

northern wave-induced current towards the South meet, sand is particularly available on 

the beach to be blown inland and form a dune field (EMERY and NEE\' 19(0). 

GOLDS:\lITH and GOLIK (1980) established a sediment transport model for the 

southeastern Mediterranean coast, as the gradual change of the shoreline orientation 

from West-East to South-North, the longest fetch in the Mediterranean of 2400 km in 

West-East direction and the main sediment source being the Nile delta in the West, 

provided a unique opportunity for such a study. They found that wave-induced currents 

are responsible for longshore transport of sediment. Between I·J Arish and Rafah the 

transport is to the Northeast and is very large. In the area between Rafah and Haifa 

nodes of converging transport directions exist which vary in location with the alteration 

of the wave approach direction. Owing to the concave form of the shoreline relative to 

the approaching wa\Tes, the net transport of quartz sand decreases from South to North 

(GoLDs~nTH and GOUK 1980). The zone at Haifa Bay operates as a sediment sink for 

sand from the ri\Ter Nile or southerly local cliffs, because the wave eneq..,'Y of nearly all 
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approaching waves is much lower than for the rcst of the coast. North of Haifa Bay 

from Akko to Rosh Haniqra the wave refraction is high because of the subaqueous 

Akhziv Canyon being near shorc. The longshore transport of sediment varies greatly in 

orientation and quantity and the net transport along thc shorc is ncgligiblc (G{)LDSt--IITII 

and GOLIK 1980). 

Southeastern Mediterranean sediment transportation pattcrns, which were invcstigated 

through clay mineral distribution, confumed the dispersal of Nile sedimcnts along the 

coast towards the Northeast in an cxtended counter-clockwise gyre (ST. \N LEY t'I (//. 

1998). But the sediment provenancc of the rivcr Nile in the Nilc littoral ccll and along 

the coastline towards the Northcast has changcd in thc last century since the 

construction of the two Aswan dams (I,ow Dam 1902, High Dam 19(4) and modern 

coastal installations. The volumc of silt and clay which passes thc Nik delta after thc 

closure of the High Dam is reduced to 15 (Vo of the pre-1902 lJuantitics. Thc rcduction 

of the sediment supply through thc river Nile causcs along thc southcastcrn coast of thc 

Mediterranean erosion of the coastal cliffs and thc Quatcrnary scdiments of thc seafloor 

(ST.\NLEY et a/. 1998). NIR (1973) cstimated the crosion of the coastal cliff in Israel of 

about 3 - 4 cm/a over the last 6 ka. This valuc has changed dramatically to a present­

day erosion rate of20 - 40 cm/a (NIR, in press, in ST.\NLEY et al. 199H). 

Many others have contributcd to the discussion of the currents in the southeastern 

Mediterranean and the sedimcnt transport from thc Nile delta along thc Mcditerranean 

coastline of the Levant (e.g. A VNI!\lELECH 1962, VE~K\T.\R.\TIIN.\l\1 e/ (I/. 1972, 

C\R.\IEL e/ al. 1984, GOLIK 1992, 1993, 1997, FRillY 1994, SIIOSH.\NY e/ al. 1996, 

S.\NDLER and HERUT 2(00). 

Deposition patterns behind the aeolianite ridges and their sedimelltfa,ies and soils 

Parallel to the studics of the scdiment transport mcchanisms of the Israeli 

Mediterranean coast, studies werc also carried out to rcveal the sedimentation history 

and principles behind the formation of the kurkar ridges in the coastal plains. 

In the early 1960s ITZH.\KJ (1961) supposed a cyclical sedimentation of the kurkar­

hamra-successions of the acolianite ridges along thc coastal plain. He states that in thc 

coastal plain marine transgrcssive sediments would interdigitate with continental 

sediments and he distinguished four cyclcs during the Quaternary. A c"cle starts with 
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terrestrial sediments, followed by the sedimentation of marine transgressive sediments 

in the West and alternating in the East with continental deposits. The cycle would come 

to an end with a regression phase which is attributed by ITZI J.\KI (1961) to leave sandy 

clays to cover the surface that form the hamra soils. The first cycle (would have) ended 

in the deposition of "Hamra I" during an early regression in the phase of the Ante -

Penultimate Glaciation. The second cycle was completed with "Hamra II" and would 

have been deposited during the regression of the Penultimate (ilaciation. The third cycle 

ceased with "Hamra III" and would have been deposited during the beginning of the 

Last Glaciation. The fourth cycle would be complete with the Postglacial (ITI'.II.\Kl 

1961). No hamra soil was assigned to this cycle by ITZII.\KI (1%1). The oldest 

continental sandstones (kurkar) arc exposed in the East of the coastal plain ITZll.\KI 

(1961). 

One of the key papers (in the 1960s) on the lithification of the aeolianites and their 

environmental significance is by Y.-\;\LON (1967). He was able to show on partially 

consolidated dunes that a minimum of 8% CaCo, is needed for the process of the 

calcareous cementation of the sand to be continued and that the lithification is a result 

of cycles of wet and dry conditions, as are typical for a Mediterranean climate. Through 

percolating rainwater carbonaceous skeletal remains in the dune sand arc dissoiYed and 

by eyaporation of the water re-crystallisation takes place, which causes the dune to be 

consolidated by a carbonaceous cement from the top downwards. This process of 

lithification is very fast and by judgement of iron or pottery artefacts and bones takes 

tens to hundreds of years (yc\.\LON 1967). 

It could also be shown that the lamination which can be observed in the aeolianites of 

the kurkar ridges is caused by a particle differentiation during the formation of ripples 

on the dune surface. The differentiation is caused by the grayity and size of the grains. 

Carbonaceous skeletal fragments are usually of a coarser grain size and also lighter in 

density than the quartz sand and accumulate therefore on the crest of the ripples which 

is also observable on modern dunes. The resulting laminae of the dune structure arc 

thicker or smaller, depending on the carbonate content in the unconsolidated dune. 

y.\.\L<)1"; (1967) reasons that the preservation of the laminae in the indured aeolianites 

supports the observation made by FRIED~L\N (1964) that the dissolyed carbonate is te­

precipitated next to the place of dissolution. 
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Y"BLON (1967) documented that the environmental conditions under which calcareous 

dune sand would convert into consolidated aeolianite (kurkar) or into red l\Iediterranean 

soil (hamra), would solely depend on the carbonate content in the unconsolidated dune 

and on the amount of leaching, which depends on microclimatic conditions and the 

relief, and would appear to take place under general similar climatic conditions. Because 

the microclimatic and environmental conditions of precipitation and carbonate supply 

varies over space and time (El\lERY and NEE\' 1960), Y\.\L<)N (1967) argues that the 

aeolianites or hamra soils should not be correlated with climatic phases during the 

Quaternary, if not based on independent information. 

K\R.,.\lELI el al. (1968) argue in opposition to ITZIL\J-:I (1961), deduced from the 

homogenous dispersion of the clay in the soil layers, which is independent from the 

position relative in the ridge that the clay in the soils is of aeolian origin. Supporting the 

view of Y\"\LON (1967) the authors stress that no climatic changes arc necessary for the 

development of the different sediment facies of the aeolianite ridges in the coastal plain 

and that all facies types can be observed under the present-day environmental 

conditions in the coastal plain (K\R.\IELI et al. 1968). ITi'.lI.\J-:J (1961) and K \R:-'IELl cl al. 

(1968) are consistent with their views that the oldest aeolianites arc exposed in the j':ast 

of the coastal plain. 

In the 1970s YHLON and L.\RONNE (1971) studied the internal structures of the Israeli 

aeolianites in relation to the palaeowinds. They concluded that according to the slip faces 

of the studied aeolianites of Pliocene to Holocene age the palaeowind regime was 

similar to the present-day prevailing wind direction from West - Southwest. J"urther 

efforts were undertaken to shed further light on the palaeosols forming on aeoJianites 

and dune sediments in the coastal areas of Israel (D.\N and Y\.\U)N 1971, Y.\.\]'()N 

1971). E\RR\SD and RON EN (1974) were the first to report that a kurkar ridge is not 

deposited in one sedimentary cycle, but is the outcome of several depositional periods. 

HORO\VITZ (1975, 1979) advocated the view that the kurkar ridges in the coastal plain 

get older from West to East. R()!'\EN (1975a) distinguishes sedimentary cycles in two 

kurkar ridges. The first ridge constitutes the coastal cliff and the second ridge is specially 

exposed at the motorway road cut between Haifa and Tel ,hi\,. In the first ridge along 

the coast he identifies 7 sedimentary cycles and in the sccond ridge hc recognizcs 5 

sedimentary cycles, a cycle starting with a sand or an acolianite unit and de"eloping into 

a palaeosol. In the palacosols of both ridges Moustcrian, Epi-Palaeolithic, Neolithic Of 



Historic industries can be found. RON EN (1975a) holds a contrary view to HOROWITZ 

(1975, 1979) and concludes that both ridges would be in general contemporaneous and 

deposited during the Last Glacial and the Holocene. J'urther archacological finds from 

the palaeosols in the Sharon and Carmel coastal plain were reported e.g. by R( )!\;EN e/ al. 

(1975) and RON EN (1977). 

RONEl': (1975b) reviews the archaeology and chronology ofIsrad. To explain the ridge­

like morphology of the aeolianites in the coastal plain and the cyclicity in the sediments, 

he employs the following concept (cp. F:\RR\ND and RONI':N 1974). At the maximum 

point of transgression sand will be transported inland and is deposited as a longshore 

bar (barrier bar). With regression commencing the offshore sand belt between () and -40 

m is exposed and maximal sand amounts arc transported inland by wind. The deflation 

of sand from the offshore belt landwards continues until the source is consumed or 

covered by a new transgression. Whcn the inland sedimcntation of sand ceases to a 

certain threshold or completely, pedogencsis will commence and will continue until a 

further transgression is at its maximum (RONEN 1975b). 

During the 1980s IsS.-\R (1980) secs the Israeli aeolianitcs as consolidated shore-dunes 

associated with the front or maximum of different transgressions. He distinguishes 

transgressive/regressive cycles for the marine Pleistocene of Israel and differentiates the 

three stages of the Calabro-Sicilian, the Tyrrhenian and the post-Tyrrhenian. According 

to ISS.\R (1980) the aeolianites get older from West to East. 

A submerged and excavated Neolithic village, named Newe Yam, gives evidence for a 

lowered sea level of minimal -5 m. Around 5 ka Be the population was forced to lea\'e 

the village owing to a quick burial of the village with sand and an ensuing transgression 

WRESCHNER (1983). Other submerged prehistoric archaeological sites were reported by 

RAR.\N (1983) and by G.-\ULI e/ a/. (1988). 

~l \G. \RITZ and GOODfRIEND (1987) studied the mm'ement of the desert boundary in 

the Levant from thc latest Plcistocene to the early Holocene and determined from 

various proxy data that during the deglaciation period in the semiarid region of the 

Levant, relatively wet conditions predominatcd between 15 - 11 ka, followed by a phase 

of extreme dry conditions from 11 - 10 ka and again wet conditions between 10 - 8 ka. 

The authors suggest that the period between 15 - 11 ka was considerably wetter than 

the phase between 10 - 8 ka evidenced by the formation of a calcareous horizon which 

cannot be obsen'ed during the Holocene (M.\(;.\RITI'. and (;O()Dl'RILND 19R7). 
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G\,IRTZ~L\N e/ al. (1984) identified six sedimentary cycles of interdigitating marine and 

continental sediments. He assumes that the sedimentary beds dip 45° toward the West, 

so the exposed kurkars get older from the West to the East (C\'lRTZr--!.\N e/ til. 1984). 

BRUNN.KKER et al. (1982) did heavy mineral analyses of the aeolianites in the southern 

coastal plain of Israel and confirmed in principle the findings of I ':~lERY and NEE\' 

(1960). The aeolianite formation was associated with regressional phases during the 

younger Pleistocene/Last Glacial. The aeolianites are less consolidatcd with increasing 

age from West to East (BRUNN.-\CKER e/ al. 1982). 

Further heavy mineral analyses on sediments of the aeolianites in the northern coastal 

plain by B( )E~IGK et al. (1985) showed a similar picture. Intercalated soils indicated 

three aeolian active phases. 

G( )LDBERG (1986) puts a chrono- and lithological summary together of stratigraphical 

sequences from the northern part of the Sinai and the western Negev by reviewing 

archaeological industries and differentiating between depositional and erosional events. 

The research on the aeolianites in the Mediterranean coastal plain in Israel until the 

1980s emphasises three points. Firstly, on the one hand, the deposition of acolianites 

and the development of their palaeosols is solely dependent on micro-climatical and 

morphological conditions of the environment, and are hence independent from general 

climatic changes during the Quaternary. All sediment facies of the aeolianites occur 

under present-day conditions in the coastal plain (y,\.\].ON 1967, K\R~IELI e/ a/. 1968). 

Secondly, contrariwise, the alternation between the deposition of acolianitc ridges along 

the Israeli coast and the genesis of palaeosols is connected with transgressive and 

regressive phases. Various authors differ between several sedimentary cycles during the 

younger Pleistocene and the Holocene. The formation of the aeolianites especially the 

ridges was mainly attributed to the holds of the transgressions and the successiye 

regressions, as during this time the maximum amount of sand from the shore was for 

disposal; pedogenesis was attributed to the transgressional phase of a cycle (IT/J 1.\"-, 

1961, E-\RR.\ND and RONEl'-: 1974, R()l'-:EN 1975b, BRUNN.\C"-ER e/ til. 1982, B()\'::'dC;K 

e/ a/. 1985). Others afftliated the formation of aeolianites with transgressive phases of 

sea stand (e.g. ISS.-\R 1980). Thirdly, the exposures of aeolianites are supposed to get 

older from West to East and each ridge is assigned to an individual accumulation phase 
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during the change of eustatic sea level (e.g. ITZH.\KI 1961, K.\R1\IEI.I e/ al. 1968, 

H< )R()WITZ 1975, 1979, ISS.\R 1980, BRUNN;\CKER e/ a/. 1982, G\'IRTZi\l,\N e/ al. 1984). 

In the transition to the 1990s ISS.\R e/ aL (1989) explored the coherence of Nile river 

sediment discharge with the shift of the Inter-Tropical Convergence Zone (ITCZ) and 

the East J\frican monsoon belt during the Last Glacial. The deflection of the monsoon 

belt to the North resulted in the rise of the water levcl of the Nile and an increased 

sediment supply to the Mediterranean (lss.\R e/ a/. 1989). 

GORING-MORRIS and GOLDBERG (1990) use radiocarbon dated prehistoric sites to 

condense the geomorphological history of the dune fields in the northern Sinai 

Peninsula and the western Negev desert. They found that the deposition of aeolian 

sands mainly over loess is somewhat earlier than the Last Glacial Maximum (1.C;M). 

This is likely to be due to the lower sea level and a therefore wider exposed Nile delta 

(GoRING-MoRRIS and GOLDBERG 1990). 

Shortly after the GIF-project was started G\'IRTZi\I.\N e/ a/. (1998) picked up the view 

already postulated by E\RR.\ND and RONEN (1974) and by R()NI':N (1975b), that kurkar 

ridges in the central coastal plain were formed synchronously during the ] .ast C ;lacial. 

G\'IRTZ~I.\~ eI a/. (1998) introduce a revised stratigraphy in which they negate that the 

ridges get older from West to East and that the formation of a ridge is representing a 

certain sea-level (shoreline). 

SI\·.\~ e/ a/. (1999) studied Quaternary deposits in the Galilee coastal plain in northern 

Israel. They confirmed that the aeolianites were formed as longitudinal ridges and 

contemporaneously. The deposits in the North were found to be of Tyrrhenian 

(transgressive event at marine isotope stage 7.1 and younger) to Holocene age. Red 

palaeosols are attributed to wet phases, aeolianites to dry phases and both to a low sea­

level stand (SI\·.\~ e/ al. 1999). 

Pedology 

y. \.\U)~ (1992) gives a brief overview on the pedogenesis and the aeolianites in the 

coastal plain. He describes the aeolianites as calcareous sandstone whose sand originates 

in Ethiopia and is transported by the river Nile and longshore currents to the Israeli 
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coast. The degree of cementation of the aeolianites varies with the amount of available 

carbonate. For the hamra he recognises that it can apart from one soil also be a soil 

association. Y\:\LON (1992) concludes that aeolianite formation takes place when high 

amount of carbonate are available and that hamra forms on parent material where the 

carbonate is leached out. 

TS.\TSKIN and ROl'EN (1999) studied the Mousterian pedocomplcx intercalated in the 

aeolianites at Habonim with micromorphology. They identified at least four discrete 

pedogenic phases indicating an increase in moisture partly through water logging (cp. 

Chapter 3.2.1 and 7.2.5). 

Submerged aeolianites 

Submerged aeolianites on the shelf offshore northern Israel were obsern.·d by 

geophysical and lithological means (E\T:\l\1 and BFN-A \'R.\II.\l\1 1992, BI·]XN.\P and 

M.\RT 1999). BELKN.W and M.\RT (1999) correlated the deposition of at.·olianites with 

the sea-level low stand of MIS 2. The observed features suggest that the sea-level was at 

least 100 m lower than present. Both studies suggest Holocene tectonic activity of 

offshore faults in the area (E\TAl\1 and BEN-A \'R.\I1.\;\[ 1992, BEIXN.\P and M.\RT 

1999). 

Negev 

Late Pleistocene sediment sequences in floodplains and tels in the Negev desert and 

their relation to palaeoclimatic regimes were studied by ZILBER.\I.\~ (1993) and 

ZILBER.\L\N e/ al. (1994). Y\IR e/ al. (1997) investigated the movement and percolation 

of water in longitudinal dunes in the western Negt.·v. They distinguished patterns of 

spatial and temporal variabilities for an area with less than 100 mm annual rainfall. 

Archaeology 

An important archaeological site in the coastal plains of Israel is the] .ower Palaeolithic 

site excavated in the Enon Quarry in Galilee (R()NEN 1991). The finds were embedded 

in the upper parts of a hamra soil, which is considered to be the oldest hamra in the 



coastal plain. Estimated ages range between 500 ka and 1000 ka (R()~ EN 1 <)<) 1). Other 

Lower Palaeolithic sites were excavated near Kibbutz Ruhama in the northern Negev 

(RONEN e/ al. 1998) and in the Sharon coastal plain ncar Kibbutz I ':yal (R()N EN and 

WI:--JTER 1997). ROl\'EN e/ a/. (1999) date the pedocomplex in Habonim Quarry as 

Mousterian, owing to Levallois-Mousterian finds and radiothermoluminescence datings, 

which assign ages of MIS 5 - 4 to the pedocomplex. An important submerged pre­

pottery Neolithic site (8100 - 7500 B.P.) Atlit-Yam was excavated by C;,\J.IL1 d ill. 

(1993). 

S tratigrap0' and Sedimentology 

G\,IRTZ;\L\S e/ a/. (2000) established 14C chronologies on shells of the landsnail Xl'mpidtl 

lJeJ/a/iJ found in Holocene deposits of the coastal plain. Climatically low moisture 

regimes with desertification and the dislocation of human s(..'ttlements were correlated 

with sand accumulation, while pedogenesis and phases of human activity were attributed 

to moister periods (G\'IRTZ;\L\N eI til. 2(00). 

The erosion and cliff retreat of the Sharon escarpment between (;ivat Olga and Tel 

Aviv was studied by PERXITf and AL;\L \COR (2000). The biggest lluantity of aeolianites 

is removed by slumps and rockslides, depending on the wave climate and the erosion of 

the talus in front of the escarpment. Erosion through water run-off has only a minor 

influence on the cliff retreat (PER. \TI I and AL~L\C()R 20(0). 

G\'IRTZ~L\N and WIEDER (2001) propose a soil-sequence stratigraphy for the coastal 

plain of Israel for the last 53 ka BP. They investigated the sediments with magnetic 

susceptibility, particle-size distribution, clay mineralo!-,l)' and soil micromorpholoy and 

recognized thirteen proxy-climatic events, which were linked to dry and wet episodes. 

The climatic changes were compared to oxygen and carbon records of cave speleothems 

and to lake level records of Lake Lisan, which became since the Younger Dryas the 

Dead Sea. G\,IRTZ~L\l': and WIEDER (2001) distinguished a mature hamra soil 

developed between 40 - 12.5 ka BP, and loess which was deposited during the Younger 

Dryas from 12.5 - 11.5 ka BP and developed during the wet episode from 11.5 - 10.5 

ka BP into a Grumosol; after a dry period of sand accumulation from 10.5 - 10 ka HI> a 

further red hamra soil developed under moister and warmer conditions from 10 - 7.5 ka 

BP \vhich is correlated to the sapropel S1 formation and other small-scale changes of 
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wet and dry conditions followed in the Late Holocene from 7.5 ka HI> to present, which 

were recorded in the coastal sediments (GVIRTZ:\L\N and WIlmER 200t). 

SI\'"\N et al. (2001) ascertain changes in sea-level along tht, Israeli coast during the 

Holocene. They compare archaeological observations with a numerical model and 

found both in general agreement. The numerical model forecasted a sea-level of -1.).5 ± 

2 m, while the archaeological evidence assigns the sea-level to -16.5 ± 1 m for the time 

at 8 ka BP. At 7 ka BP the sea-level had risen to -7 ± 1 m; the numerical model and the 

archaeological data are congruent. At 6 ka BP the sea-Ieycl was lower than -.) to -4.5 m 

and stayed lower than at present until 2 - 3 ka HI>. SI\',\N d al. (2001) also conclude that 

the average vertical tectonic movement of the Carmel coast is less than 0.2 mm/ a over 

the last 8 ka HP. 

NEBER (2002) studied the sedimentological properties of Quaternary deposits in the 

coastal plain and distinguishes between several facies of aeolianites, sands, soils and 

beach rock. He classified the aeolianites in three groups (/\, B, C) for the Carmel coastal 

plain and in three groups (D, E, r<) for the Sharon coastal plain. The deposits arc 

correlated with the help of physical datings in terms of climate change and the MISs and 

are intensively discussed in this study (cp. Chapter 7.2.4). 

Physical dating 

A number of physical dating studies were carried out over the years for sites in the 

coastal plains of Israel, concerning archaeological sites, aeolianite and paiaeosol 

successions and also offshore deposits. The chronologies wefe established with I·C, 

ESR and luminescence methods (JyIERCIER and V.\LL.\D,\S 1994, P()lnT and WI!\TLE 

1994, MERCIER e/ ill. 1995, RnTE et ill. 1997, POR,\T et ai, 19%, 1999, (;\'IRTI',:\I.\N e/ al. 

1998, 2000, V.\LL\n\S e/ al. 1998, RONEN e/ a/. 1999, ENGI':L\I.\NN 1'1 til. 2001, 

FRECHEN et ill. 2001,2002, in press, NEBER 2002, P< linT and R< )!\;EN 2002, p( )R,\T e/ (II. 

2003). 

The earlier studies in the coastal plain showed the need for a robust dating framework, 

which might be provided with luminescence chronology. Part of this dating framework 

could meanwhile be established by the above mentioned studies. 
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CHAPTER 2 

Aims and objectives of the study 

The chapler .rlale.r Ihe ainlJ and o/JjedilJe.r q/lhi.r Ph. n . .rlla!)' (/1/(/ plll.r il ifllo Ihl' IlJider (Olllt'xl (!/ 

palaeoclimale .r/udieJ. 
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2.1 Aims and objectives 

An important part in correlating terrestrial records with palaeoclimates is to unfold the 

precise sedimentation history, like the "Pleistocene sand migration and cyclical 

desertification in the Mediterranean coastal plains of Israel". Such correlations are often 

only possible through climate proxies and physical dating methods. To uncover the 

chronological history of the terrestrial sedimentation records from the aeolianites and 

palaeosols in the Carmel and Sharon coastal plains in Israel luminescence dating was 

applied. The method was chosen, as luminescence dating is one of the Quaternary 

dating methods that covers at least the time span of the last glacial-interglacial cycle and 

is ideally applied to aeolian transported sediments, giving the age of deposition. 

• The luminescence dating study should provide a reliable geochronological framework 

for the aeolianites and palaeosols at key sections in the (:armel and Sharon coastal 

plains. 

• The comparison of data from this study with chronological results of other studies 

should enable the correlation of the deposits of the Carmel and Sharon coastal plain 

with each other. It was also hoped to provide an improved chronology for artefacts 

found in some of the intercalated palaeosols. 

• The dating study was also intended to answer questions as to whether the 

development of aeolianites and palaeosols could be linked with I':astern Mediterranean 

climate changes during glacial-interglacial times. 

• Apart from the more applied nature of this research, it was attempted on a smaller 

scale to compare classical multiple aliquot dating techniques (lR-OSL, TL) with the new 

radio fluorescence (IR-RF) dating technique. 

Small scale palaeoclimate studies as from the GII;-project "Pleistocene sand migration 

and cyclical desertification in the Mediterranean coastal plains of Israel" add to the 

information about local climate responses e.g. during the last glacial-interglacial cycle. 

Palaeoenvironmental and palaeoclimate reconstructions play a crucial rok in the 

determination of causal factors for climate change and for future climate prediction 

models. 
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CHAPTER 3 

Study area 

The chapter introdtllU in the uvallt the e.rtabli.rhed temu ''kurkar'' alld ''iJamm'' alld d~'/iJlt'J them 

aJ tlJed in thi.r Jttlqy. l:'"rther, the dttlerent jadeJ q/ the IJmeli dl/lle Jalldr - 1IfJryi,~~ (j1l1/lilieJ o/Ihl' 
aeoliallileJ alld l'(Jryitt.~ pedology - are diJtitt.~lIiJhed aJ o/JJm'eti ill Ibl'jielt/. I'illally, Ihl' Jill' dl'JoipliollJ 
lollow with lo(atioll, <~eneral compo.litioll, delailecijield cieJoipliollJ alld illll'rpn'lalioll ~/ Ibl' ,~I'ol(~~il{/I 
IlI1ilJ alld lottlliOIl q/lhe IlImilleJl'ellte Jt1mplitt.~poilltJ. 
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3.1 Nomenclature and special geology of the fossil sand dunes 
in the northern co as tal plain 

3.1.1 Nomenclature 

Already in If)WENG:\RT (1928) the term "kurkar" is used and characterised as a local 

term to describe carbonaceous cemented sandstone. This sandstone is identified by 

LOWENG"\RT (1928, p. 504) clearly as lithified dune sand: "Der Kurkar liiBt sich deutlich 

als verkrusteter Diinensand erkennen." U)WENG,\RT (1928) remarked that the 

lithification is often so weak, that from the drillings undertaken in the coastal plain, not 

kurkar, but loose sand would be conveyed. Following from there, the term "kurkar" 

defines an aeolian deposited sand lithified through a carbonaceous cement. This 

definition is congruent with the most common use of the term "aeolianite" (BR()( )"1': 

2001) and distinguishes from other forms offossil dune sands (e.g. BELL 1991). 

The term "kurkar ridge" is used in Israel and the J .evant to describe the geological 

features exposed along the coast with a ridge-like morpholo/-'lJ' taking the name from 

the main lithological units (aeolianites) and the morphological form. Although there arc 

several palaeosols or loose sands intercalated between the aeolianites, the whole form is 

referred to as a "kurkar ridge". 

This is not always clear in the literature, as the term "kurkar" is sometimes used with the 

meaning of "kurkar ridge". To avoid confusion, in this study the term "kurkar" is used 

as a synonym of "aeolianite", strictly as a lithological term. "Kurkar ridge" is used to 

refer to the morphological form, including different lithological units. 

The soils in connection with the kurkar ridges in the coastal plain are often referred to 

as "hamra". The term "hamra" or "chamra" comes from the Arabic and means "red" 

(GOClD"\LL and AL-BELUSHI 1998). Usually the term is used for red palaeosols or red 

sand (L()W'ENG,\RT 1928, G()()D,\LL and AL-BELUSHI 1998). In the Israeli soil 

"h " taxonomy amra is defined as red and brown Mediterranean soils (D.\!'; and 

KOYUI\1DJISKI 1979) (cp. Chapter 3.1.2). In this thesis the term "hamra" is used with 

that definition. 
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3.1.2 Special geology of aeolianites and their soils 

Aeolianites 

During the field campaigns it was possible to distinguish macroscopically between 

different types of aeolianites. The exposed rocks display variations in colour, grades of 

lithification through the recrystallisation of shell fragments, as well as different parent 

material. 

In general the aeolianites along the motorway and for example in the quarry by 

Habonim show a stronger lithification (Figure 3.2.1 b) than aeolianites further South, e.g. 

the "Dor Kurkar" in the Netanya cliff section (rable 3.2.3a). This general trend is likely 

to have evolved in connection with a general increased precipitation towards the North. 

The actual dune structures, like horizontal bedding from accretion deposits and fOfl'set 

laminae of cross bedding from enchroachment deposits, can in most cases still be 

observed. Pardy lithified dune sands display small layers (1 - 2 em) of carbonaceousl), 

lithified sand, alternating with loose unconsolidated thicker layers (3 - 4 cm) of sand. 

Such aeolianite was observed in the quarry ncar the Hadera Power Station or at the 

seashore near the Hadera Power Station (rabIes 3.2.2b, d). In aeolianites with a medium 

lithification the sand inbetween the stronger carbonaceous layers is also consolidated, 

but stronger and less lithified layers alternate and arc especially distinguishable when 

physical erosion exposes the stronger lithified parts from the softer lithifi(xl layers. 

Higher degrees of carbonate lithification led to overall more massive aeolianites where 

the lithification still traces the original structures. The alternating layers arc generally 

conjunct, showing on erosional surfaces small holes of 1 - 2 em diameter of less 

lithification. Where the lithification is complete aeolianite is suited as building stone. 

Historic and modem examples can be observed at the Roman Caesarea and many 

modem houses in Haifa. The colour of the aeolianites in the Sharon and Carmel coastal 

plain varies from yellowish-ochre aeolianites (e.g. Ilabonim I ':ast wall, 'I'able 3.2.1 a) O\'l'r 

light grey (e.g. Habonim North wall, Figure 3.2.1b) to whitish aeolianites (e.g. "Tel [\viv 

Kurkar", Table 3.2.3a). Some of these colour changes might be caused by nrying 

contributions of haematite (cx-FezO,) and goethite (cx-hOOll) minerals deriving from 

ferric compounds as weathering products from different contingents and distributions 

of heavy mineral assemblages in the parent material of the aeolianites. Other colour 

changes han their origins in a different bulk parent material. While most aeolianites 

observed in the coastal plains consist of quartz sand in a carbonaceous cement, some 
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have a higher proportion of biogenic clasts, shell fragments and ooids (e.g. "Tel Aviv 

Kurkar", Table 3.2.3a), which also leads to a brighter, whitish colour. 

Sedimentological studies by NEBER (2002) on the acolianites in the Carmel and Sharon 

coastal plains allowed distinction between various types of aeolianites and their detailed 

properties. However, for the dating study here it is sufficient to distinguish the sampled 

aeolianites through their macroscopical qualities observed during sampling in the field. 

Soils 

Associated with the aeolianites in the coastal plain of Israel arc typical [l·d 

Mediterranean soils, which shape the image of the landscape very distinctively because 

of their dark to foxy red colour. The red colour is obtained from haematite and partly 

maghaemite (y-Fe20,) minerals, which arc in the subsoil, while the rich in humus topsoil 

contains mostly goethite with yellow-brownish colours (ANDRllSCIIKI·:wrn:1I t 99(i). On 

the surface of aeolianites along the coastal plains the remains of past red soils can be 

observed, filling solution pockets or building thin layers on top, indicating past 

Mediterranean red soils which are eroded today. These red soils in Israel arc known as 

hamras Ouvisols). Apart from hamras various other soils like grumusols (vertisols), 

nazaz (pseudogley), regosols and arenosols are known in connection with the aeolianites 

and sandy scdimcnts of the coastal plain (D,\N and Y\.\L()t-.: 1971, ANDRllSCIIKE\'\'ITCIi 

1996, TS,\TSKIN and RONEN 1999). 

Hamras in the sense of the Israeli soil classification correlate to rhodoxeralfs and 

haploxeralfs (D,\N and KOYU!\fl)jISKI 1979) of the U.S. soil taxonomy, used by the U.S. 

Department of Agriculture (USDA 1975). Aeralfs develop in climates where there is a 

xeric or an aridic to xeric moisture regime. During the summer months the soils arc dry, 

while in winter the moisture progresses into the soil to deeper layers. On a non irrigated 

soil small grains, grapes and olives can be grown (USDA 1975). Hamras arc red 

(rhodoxeralfs) or red-brown non-calcic sandy clay loams (haploxeralfs) (D.\I\: and 

Y\,\LO!'\ 1971, D,\N and KOYU!\lDjISKI 1979). They arc also known as chromic lu\'isols 

(FITZP,HRICK 1980). 

Geographically associated with xeralfs arc xererts, the latter belonging to the order of 

vertisols (USDA 1975). In Israel soils classified as Grumuso\s arc eyuivalent to 

chromoxcrerts and pclloxererts of the U.S. taxonomy (D.\I\: and K( )Ylli\(D./ISKI 1979, 

L'SD;\ 1975). Xererts in general appear in Mediterranean type climates. The alternation 
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of cool wet winters with warm dry summers causes these soils to crack. '1 'he cracks arc 

open for up to three month after the summer solstice in most years and closed for up to 

three months after the winter solstice (USDA 1975). Chromoxererts are distinguished 

by a subhorizon in the upper 30 cm which shows a colour (other than black, grey or 

white). They are typical for gentle to strong dipping slopes with good water run-off 

conditions. Chromoxererts are typically mottled soils. Because of illuvial (argillic) 

horizons observed in certain depths in chromoxercrts it is assumed that with time old 

soils generate a fine enough texture for vertisols to develop in them (USDA 1975). 

Pelloxererts are characterised by their grey to black colour of all sub horizons in the 

upper 30 cm. They appear on plane surfaces. Xerets allow closed grass or savanna 

vegetation (USDA 1975). 

Nazazs in the Israeli classification correspond to albaqualfs of the U.S. taxonomy (D.\N 

and KO\'Ul\ID]ISKI 1979, USDA 1975). Basically they arc pseudogleys (D.\N and 

Y·L\LON 1971). Ground water reaches seasonally into the illuvial horizon which is in 

direct contact with a bleached zone above it, with usually no transition zone in between. 

The bleached horizon can dry out during the summer months and an oscillating water 

table is essential for their genesis (USDA 1975). The soils arc also known as planosols 

(FITZP.\ TRICK 1980). 

Weak soils observed in connection with the kurkar ridges and dune fields in the coastal 

plain emerge on lithified and loose dune sands as parent material and arc sometimes 

refered to as "Cafe au Lait", because of their colour. "Cafe au Lait" seems to concern a 

regosol of the Israeli classification, xerorthents and torriorthents of the U.S. taxonomy 

(D:\N and KOYUMD]ISKI 1979, USDA 1979). Xerorthcnts and torriorthents belong to 

the order of entisols. These are young soils that have not developed a B horizon and 

cannot be contained in any other order. Xerorthents arc at a distance from ground water 

of at least 1.5 m, they are of moderate depth and arc apparently not silica-cemented. 

Their surface horizon (epipedon) is usually ochric (contains less than 1 (Vo organic 

matter, is light in colour and thin) and lies on sediment or soft rock (L1SDA 1 <)75). 

Torriorthents are saline regosols with a thin vegetation coycr of xerophytic scrubs and 

ephemeral grasses and forbs (D.\N and KOYUl\lDJISI-.:.I 1979, USDA 1975). 

ANDRL'SCHKEWITCH (1996) distinguished between regosols developing on aeolianites 

and arenosols developing on loose sand as parent material. AreI1oso\s arc young soils 

with an upper mineral Ah horizon of 10 to 15 cm thickness. The horizon is slightly 

stained through organic matter (FITZPXfRICI-.:. 19HO). The B horizon is coarse sandy in 
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texture, has a uniform colour and may be more than 2 m thick (I!ITZP.\'J'RIC~ 1980). In 

the F AO classification regosols comprise arenosols (KUNTZE e/ a/. 1994). 

Typical catenas for the central coastal plain were described for the area of Netanya by 

D"\~ et al. (1968) and ANDRUSCHKEWITCH (1996). On hilltops arenosols, regosols and 

hamras (luvisols) can be found, which can have stagnic properties. ()n upper slopes 

occur cambisols, regosols and arenosols, without stagnic properties going over to 

middle slopes with mainly arenosols and regosols. A t the lowcr slopcs thc staf.,rnic 

properties increase again, leading to the developmcnt of luvisols (hamras) and planosols 

(pseudogleys) (ANDRUSCHKEWITCH 1996). Depressions are characterized by planosols 

(pseudogleys) and also by vertisols (ANDRUSCIlKI·:wrrclI 19%, D.\N d iI/. 1 %H). 

ANDRCSCHKEWITCH (1996) characterises also two chronosequences for loose dune 

sand and aeolianite parent materials on highlands in th(.' coastal plain. The sequence on 

loose dune sand begins with the developmcnt of an arcnoso\. I t comes to 

decalcification, accumulation of fines and rubification. The development continucs in a 

luvisol, with lessivation, accumulation of fines and rubification taking place and 

precipitation of secondary carbonates. Thc luvisol is followcd by a staf.,rnic luvisol in 

which redoximorphic features start to develop. The end of the sequence results in a 

pseudogley (planosol) where the rcdoximorphic featurcs are wcll accomplish cd and 

partly secondary carbonates are precipitatcd (ANDRUSClI~F\\'ITU I 19%). Thc 

chronosequence on aeolianites as parent material dcvelops from rcgosols to cambisols. 

In the beginning dccalcification takes place, followcd by accumulation of fincs and 

rubification. The sequence develops in luvisols (hamras) with shifting of clay, thc 

beginning of redoximorphic features and thc precipitation of secondary carbonates. The 

sequence on aeolianites is also complete with the development of pseudogleys 

(plano sols) with well accomplished redoximorphic features and partly precipitated 

secondary carbonates (ANDRuSCH~EWITCH 1996). 
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3.2 Site descriptions 

The description of the sample sites follows from North to South. Where possible East­

West transects over the kurkar ridges were sampled. This was the case at Habonim and 

at the vicinity of Power Station Quarry near the town of Hadera (/'"igures 3.2.1 a, 3.2.2a). 

F or criteria of sampling compare Chapter 5.1.1. 

3.2.1 Habonim Quarry, Dor-Habonim Nature Reserve Middle Ridge, 
Dor-Habonim Nature Reserve Coast 

Habonim Quarry 

The site of Habonim is situated west of the Tel Aviv - Haifa motorway and north of 

the town of Habonim (Figures 1.1a and 3.2.1a). The quarry lies west of the so-called 

« third ridge» (by counting from West to East) which is exposed along the coast. 

Figure 3.2.1a: Map of the site locations oJ" Habonim Quarry (HAB), Dor-Habonim Nature 
Reserve Middle Ridge (HDM) and Dor-Habomin Nature Reserve Coast (HDC). 
Latitudes and longitudes according to New Israel Grid. Redrawn from tht> Topographic 
Map 1: 100,000 (SURVEY OF ISRAEL 1999a). 

The sampled section was situated in the East wall of the quarry, consisting of a 

palaeosol complex in a shallow interdune depression (l's.\TSJ...:Ii\; and R< )~}.::\ 1999, 
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RON EN et aL 1999) sandwiched between aeolianitcs. Samplcs (HAB) wcre takcn from 

there and also from the North wall (Figure 3.2.1 b). Successivc quarrying activities 

exposed a West - East transect, where diffcrent acolianites and a soil could be sampled 

(HABII) (cp. NEBER 2002) (Figure 3.2.1c). 

The pedocomplex of the section sampled in the East wall of the lJuarry (hgure 3.2.1 b) 

was also investigated in detail with micromorphological and other tl·chniques by 

Ts"nSKIN and RONEN (1999). A detailed description of thc section is givcn in Table 

3.2.1 a. 

Sample HAB4 was taken about 1.25 m further North from the sampled section in the 

pedocomplex. Sample HAB14 was taken 4 m further North. A further sample (HAB 15) 

was taken about 50 m south of the sampled pcdocomplcx from the location whcre a 

flake from flint was found. The flint was embedded in thc uppcr part of the gley(~d 

horizon above the vertisol, 15 cm underncath its uppcr contact to the above sand 

horizon. The horizons on this location are all less thick, as the pedocomplex wedges out 

to the South. Sample HAB 15 is from the same horizon as sample H A B 12. 

Sample HAB16 was taken from the lower aeolianite of the East wall about 25 m North 

of the above decribed pedocomplcx. The horizon is described as sand of yellowish 

colour with irregular carbonaceous concretions and many shell fragments. 

Dor-Habonim Nature Reseroe Middle Ridge 

A sample (HDM) was taken from thc acolianitc at the relative surface of the so-called 

« second ridge», just west of the railway-crossing and north of the access road to the 

Dor-Habonim Nature Reserve. 

Dor-Habonim Nature Reseroe Coast 

Another kurkar sample (HDC) was taken from an aeolianite in the Dor-Habonim 

Nature Reserve west of the car park. The Dot-Habonim Nature Reserve is situated 

about 3 km south from Habonim to Tel Dot (N 32° 37', E 34() 55') (NRA 20(4). 
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Figure 3.2.1b : Photo of Habonim Quarry, East and North waD with sample locations for samples HAD. 
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Figure 3.2.1c : Sketch of Habonim quarry, West-East profile after successive quarrying, with sample locations for samples HADJI (changed after NEBER 2002). 
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Table 3.2.1a : Detailed description of the section in the East wall of Habonim quarry and location 
of the luminescence samples. 

Depth (m), Sample Field description (16/05/1997) Munsell Interpretation 
Units after name notation dry (cp. TSATSKIN and 
TSATSKIN and (TSATSKIN and RONEN 1999) 
and RONEN depth RONEN 1999) 
(1999) (m) 

0.00 -4.00 HAB14 Lower part: Sand, strongly lithified Aeolianite (kurkar) 
(3.60 m) through carbonaceous cement, 

massive 

4.00 - 4.40 HAB13 Sand, clayey, ochrelorange colour, 10 YR 7/8 Sand, clayey, 
la (4.20 m) not cemented, Carbonate layer, 3 - 4 «weak 

cm thick, at about 4.10 m, accretionary soil» 
discontinuous, Carbonate nodules, 2 (TSATSKIN and 
- 4 cm in diameter, above the RONEN 1999) 
carbonate layer isolated, underneath 
the layer frequently 

4.40 - 5.00 HAB12 Clay/Silt, sandy, greenish to dark 5 Y 5/1 Pseudogley 
Ib (4.50 m) brown colour, prismatic structured, 

manganese cutans, fissure filled with 
sand from the above horizon 

5.00 - 6.10 HAB11 Sand, clayey, dark brown/black 5 Y 3/1 Vertisol 
II (5.25 m) colour, slickensides, Mn-patches, to 

HAB10 Carbonate nodules, 0.5 cm in 
2.5 Y 3/2 

(5.55 m) diameter, Continuous transition to 

HAB9 
horizon below 

(6.05) 

6.10 -7.10 HAB8 Sand, clayey, less clay than horizon 10 YR 4/6 AB horizon 
III (6.25) above, brown colour, frequent 

HAB7 carbonate nodules with 0.5 cm in 

(6.75) diameter, isolated carbonate nodules 
with diameters 2 - 4 cm, Carbonate 
incrustations with 5 - 10 cm in 
diameter frequently in the lower part 

7.10-7.80 HAB6 Sand, clayey, less clay than horizon 7.5 YR 4/6 Hamra 
IV (7.45) above, red/brown colour, isolated Mn- (A)B horizon 

HAB5 patches 1 cm in diameter, some 

(7.75) carbonate nodules with 1 - 2 cm in 
diameter 

7.80- 8.85 Sand, middle to fine, brown to light 10 YR 6/6- Hamra 
IV orange colour, not cemented, in the 6/8 BC horizon 

upper part frequent carbonate 
nodules 1 - 2 cm in diameter, 
nodules not conjunct, crotovina, in the 
lower part carbonate geodes of up to 
10 cm in diameter on the base, base 
increasingly lithified 

8.85 - HAB4 Sand, lithified by carbonaceous Aeolianite (kurkar) 
(8.90) cement 
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3.2.2 Hadcra Power Station Quarry, South of Power Station, Seashore 
Power Station 

Hadera Power S tarion Quarry 

The sampled section (samples PSQ) lies in a quarry about 4 km north from thl' centre of 

Hadera, East of the motorway and the main road number 4 between Haifa and Tel 

Aviv, just Northeast of Nahal Hadera Junction of the main road number 4. The lluarry 

is situated in the so-called "third ridge" surrounded by the modern dune field at Hadenl, 

from which the Power Station of Hadcra is visible towards the Northwest 

(Figure 3.2.2a). 

Figure 3.2.2a : Map of the site locations of Hadera Power Station Quarry (PSQ), South of Power 
Station (SOP) and Seashore Power Station (SPS). Latitudes and longitudes according to 
New Israel Grid. Redrawn from the Topographic Map 1: 100,000 (S/IRVEJ' OF I8RAEL 
1999b). 
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The main section in the quarry exposes a strongly lithified aeolianite (kurkar), followed 

towards the top by a pedocomplex of nearly 3 metres thickness, which is itself covered 

by recent dune sand. For a detailed description scc table below (rablc 1.2.2a). 

Table 3.2.2a : Detailed description of the section in the East wall of Hadera Power Station quarry 
and luminescence sample locations. 

Depth (m) Sample Field description (23.05.1997) Interpretation 
name and 
depth (m) 

0.00-0.30 

0.30 - 1.30 PSQa 
(0.50) 

PSQ7 
(1.00) 

1.30 - 1.90 PSQ6 
(1.55) 

1.90 - 2.aO PSQ5 
(2.10) 

PSQ4 
(2.50) 

2.ao - 3.20 PSQ3 
(3.05) 

3.20 -

Sand, light ochre colour, boundary to lower Sand 
horizon blurred 

Sand, clayey, dark black-grey to brown-grey Vertisol 
colour, prismatic structure, Mn-coatings 2 mm in 
diameter, in the lower part from about 1.10 -
1.30 m foxy red stains 1 cm in diameter, also 
lighter marks (redox-reaction), gradually 
transition to lower horizon 

Sand, clayey, dark red-brown colour, prismatic HamraNertisol 
structure, Mn-coatings 

Sand, foxy red colour, at 2.30 m crotovina with Hamra 
10 cm diameter of burrow filled with light 
orange-brown material, adjacent material darker 
red, between 2.30 - 2.aO m colour of sediment 
more light orange 

Sand, light orange and dark brown colour, Hamra 
mottled, isolated Mn-coatings, carbonaceous 
(Hel positive) 

Sand, strongly lithified through carbonaceous Aeolianite (kurkar) 
cement, massive 

From the section on the East wall the pedocomplex wedges out in a few metres towards 

the North, where older parts of the stratigraphical sequence are exposed. Sample J>S(~ 1 

was takcn about 20 m North from thc upper part of the aeolianite on one of the North 

walls of the quarry (Figure 3.2.2a). This acolianite can be laterally traced to be 

stratigraphically placed below the dcscribed pedocomplex. Sample PSQ 2 was taken 

from loose dune sand deposited on top of the soil complex. The sand had an ochre 

colour and mostly fine sand altered with thin layers of coarse sand showing some 

stratification. Thc thin coarser layers also containcd shell fragments. The loose dune 

sand was about 1.40 m thick and sample PSQ 2 was taken at 0.75 m below the surface. 

Only a few metrcs Northwestwest on a further East wall of the quarry, sample J>S(~ 12 

was taken from a lower part of the lower acolianitc one metre abo"e the quarry surface 

(Figure 3.2.2b). In anothcr North wall and a West wall of the quarry a weak sandy soil is 

displayed in lenses between aeolianites (Figure 3.2.2b). The weak soil was sampled in a 

section in the Wcst wall (fable 1.2.2b). 
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Figure 3.2.2h: Sketch of the situation of the quarry walls of Hadera Power Station quarry (withollt 
scale). 

Table 3.2.2b : Detailed description of the section in the West wall of Hadera Power Station quarry 
and luminescence sample locations. 

Depth (m) Sample Field description (23.05.1997) Interpretation 
name and 
depth (m) 

0.00 - 0.45 PSQ9 Sand, partially and irregularly lithified by a Aeolianite (kurkar) 
(0.25) carbonaceous cement 

0.45 - 0.65 PSQ10 Sand, middle to fine, ochre colour, with remains Weak soil 
(0.55) of shells of land molluscs, (RegosoI/Arenosol?) 

0.65- PSQ11 Sand, partially and irregularly lithified by a Aeolianite (kurkar) 
(0.85) carbonaceous cement 
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South of Power Station 

A further section was sampled in the so-called "second ridge" south of Power Station 

(samples SOP). The section is reached by driving on the motorway in a southbound 

direction and turning west straight from the motorway into a small track just after 

passing Junction Qesarya and a couple of trees and bushes. J.'ollowing the track in a 

general western direction leads to the sampled section, which lies about halfway 

between the motorway and the coast in the vicinity of a modern dune field (hgure 3.2.2 

a). The section is described in detail below (fable 3.2.2c). 

Table 3.2.2c: Detailed description of the section south of Power Station and luminescence 
sample locations. 

Depth (m) Sample 
name and 
depth (m) 

0.00 - 0.50 SOP1 
(0.25) 

0.50 - 2.50 SOP2 
(2.40) 

2.50 - 3.10 SOP3 
(2.60) 

3.10-3.40 

3.40 - 4.30 SOP4 
(3.60) 

4.30- SOP5 
(5.30) 

Field description (24.05.1997) 

Sand, foxy red, carbonate concretions, gradual 
transition to lower horizon 

Sand, lithified through carbonaceous cement, 
single foreset patterns of former dune in 
cementation preserved, strongly dipping, 
frequent rizolithes 

Sand, light ochre 

Sand, lithified through carbonaceous cement, 
wedging out to both sides (lens) 

Sand, light ochre 

Sand, lithified through carbonaceous cement, 
single foreset patterns of former dune in 
cementation well preserved, slightly dipping 

Interpretation 

Hamra (C horizon) 

Aeolianite (kurkar) 

Weak soil 
(RegosoIlArenosol?) 

Aeolianite (kurkar) 

Weak soil 
(RegosoI/Arenosol?) 

Aeolianite (kurkar) 



Seashore Power Station 

Further towards the West a gently southward dipping kurkar - hamra sequence could be 

sampled (samples SPS) directly on the seashorc South of thc wharf of thc ~ladera Power 

Station (Figure 3.2.2a). Through the southward inclination and the erosion along thc 

beach only parts of the sequence are exposed at a timc in onc placc. 'l'hc scquencc was 

sampled in two locations (Table 3,2.2d and 3.2.2e), which are about t 50 - 200 m apart 

from each other. 1be slight inclination of thc scdiments causcs thc oldest cxposurc to 

be in the North. Also from between thc two onshorc sections a beach rock (SPS 3) was 

sampled from just underneath the waterlinc. 

Table 3.2.2d : Detailed description of the northern part of the section at the seashore south of the 
wharf of Power Station and luminescence sample locations. 

Depth (m) 

0.00 - 0.60 

0.60-

Sample 
name and 
depth (m) 

SPS1 
(0.50) 
from 
hamra soil 
in filling 

SPS2 
(1.60) 

Field description (26/05/1997) 

Sand, partly lithified by carbonaceous cement, 
single foreset patterns of former dune well 
preserved, flat bedded, clear contact to the 
underlying horizon, Solution pocket reaching 
into the horizon below. Filling: Sand, dark foxy 
red, mixed with aeolianite material, reaching 
into the horizon below 

Sand, partly lithified by carbonaceous cement, 
single foreset patterns of former dune well 
preserved, gentle dipping 

Interpretation 

Aeolianite (kurkar)with 
solution pockets filled 
with pedosediment of 
an eroded hamra soil 

Aeolianite (kurkar) 

Table 3.2.2e : Detailed description of the southern part of the section at the seashore south of the 
wharf of Power Station and luminescence sample locations. 

Depth (m) 

0.00 - 0.70 

0.70 -

Sample 
name and 
depth (m) 

SPS8 
(0.25) 

SPS7 
(0.60) 

SPS6 
(0.80) 

SPS5 
(1.20) 

Field description (26/05/1997) Interpretation 

Sand, light ochre colour, embedded at 0.15 m Sand 
band of Glycymeris spec., at 0.30 m band of 
shell fragments, at 0.50 m band of well rounded 
pumice up to 5 cm in diameter 

Sand, middle to fine, foxy red, from 0.70 -1.00 Hamra 
m weak prismatic structure, contact to the upper 
horizon very clear (unconformity) 

(it 



3.2.3 Netanya South Cliff, Wadi Netanya South 

Neta/!)'a SOllth Cliff 

Along the coastal cliff in the Sharon coastal plain various lithological units arc well 

exposed through coastal erosion (cp. PER.\TII and Au,!.\C;()R 20(0). h)r dating, the 

lithological units were sampled from the coastal cliff south of the town Netanya South 

(Figure 3.2.3a). 

Figure 3.2.3a : Map of the site locations of Netanya South ClifT (NET) and Wadi Netanya SOllth 
(WNS). Latitudes and longitudes are given according to New Israel Grid. Redrawn from 
the Topographic Map 1: 100,000 (SURVEl' OF ISRAhL 1999b). 



The section is composed of a lower aeolianite on which a well established regosol could 

develop. Towards the top follow several metres of aeolianite, intercalated by lenses of 

weak sandy soils (regosols, arenosols). Above the aeolianitc follows a thick hamra, on 

top of which a whitish aeolianite (hardpan) was deposited, which builds the solid surface 

of the cliff top. Sand with a weak developed soil follows. A detailed description and 

sample positions are given in Table (3.2.3a). 

Table 3.2.3a : Detailed description of the southern section at the coastal cliff near Netanya South 
and luminescence sample locations. 

Depth (m) Sample Field description (20/03198) Stratigraphical Interpretation 
name names after 
and GVIRTZMAN et 
depth al. (1998) 
(m) 

0.00 -0.30 NET 24 Sand. middle to fine. dark ochre RegosollArenosol 
(0.10) colour. shells of landmolluscs 

0.30 -1.00 NET 23 Sand. middle to fine. ochre Ta'arukha Regosol/Arenosol 
(0.90) colour. shell fragments of Sands 

landmolluscs. crotovina 2 - 3 cm 
diameter 

1.00 - 4.40 NET 22 Bioclasts (shell fragments). Tel Aviv Kurkar Aeolianite (kurkar). 
(1.30) middle and coarse. and Sand. Hardpan 

middle. pale ochre-whitish 

NET21 
colour. massive. strongly lithified 
with carbonaceous cement. on 

(4.10) erosional surface bedding 
structure explicit. single layers 
more lithified and weathered out 
than rest 

4.40 -7.00 NET 20 Sand. some fines. red - brown Netanya Hamra Hamra 
(4.60) colour. in the upper 1 m slightly 

mottled through redox-patches. 

NET 19 
former root traces filled with 
ochre coloured sand. also 

(6.60) frequently shells of landsnails in 
the upper 1 m. below 1 m more 
sparse. the upper 70 cm very 
strongly consolidated 

7.00 - 21.50 NET 18 Sand. fine. ochre colour. loose. Oor Kurkar Aeolianite (kurkar) 
(7.80) alternating with calcified layers. 

NET 17 layering 1 - 4 cm thick. partly 

(11.00) the original dune structure 

NET16 
(foresets) recognisable. in the 
lower part isolated shell 

(16.00) fragments of 1 - 2 cm length, in 
NET15 the upper part no bioclasts 
(20.50) 

21.50 - 21.90 NET 14 Sand. fine. ochre colour, isolated Regosol/Arenosol 
(21.60) fine shell fragments. soil in 

upper part stronger developed 

21.90 - 22.70 NET 13 Sand, fine, ochre colour, parts Oor Kurkar Aeolianite (kurkar) 
(22.30) lithified by carbonaceous cement 

alternating with layers of loose 
sand 

.~~--~-~--"----- -



Table 3.2.3a: Continued. 

Depth (m) Sample Field description (20103/98) Stratigraphical Interpretation 
name names after 
and GVIRTZMAN et 
depth al. (1998) 
(m) 

22.70 - 23.40 NET12 Sand, fine, ochre colour, isolated Regosol/Arenosol 
(22.80) fine shell fragments, soil in 

upper part stronger developed, 
shells of landmolluscs 

23.40 - 25.10 NET 11 Sand, fine, ochre - yellowish Dor Kurkar Aeolianite (kurkar) 
(24.30) colour, with bioclasts but 

articulately less than in kurkar 
below, sand layer 2 - 4 cm thick, 

alternating in the lower 50 cm 
with thin calcified layers of 0.5 
cm thickness, clasts in calcified 
layer quartz sand up to 1 mm 
diameter plus frequent coarser 
shell fragments of - 2 mm 
diameter, 

in the upper part strongly 
calcified, rizolithes and 
carbonate concretions, dune 
structure destroyed 

25.10 - 26.40 NET 10 Sand, fine, ochre colour, but Regosol/Arenosol 
(25.70) lighter than the regosol/arenosol 

below, gradual transition from 
underlying horizon in the lower 
50 cm, isolated fine shell 
fragments, soil in upper 70 cm 
stronger developed (darker 
colour), isolated shells of 
land molluscs (in situ?) 

26.40 - 32.40 NET 9 Sand, fine, ochre - yellowish Dor Kurkar Aeolianite (kurkar) 
(27.10) colour, with bioclasts but 

articulately less than in kurkar 

NETS 
below, sand layer 2 - 4 cm thick, 

(29.40) alternating with thin calcified 
layers of 0.5 cm thickness, 
clasts in calcified layer quartz 

NET7 sand up to 1 mm diameter plus 
(31.S0) frequent coarser shell fragments 

of - 2 mm diameter 

32.40 - 33.70 NET4 Sand, fine, ochre colour, with Nasholim Regosol 
(32.70) remains of shells of Sands 

landmolluscs, small carbonate 

NET3 
concretions in the lower 
centimetres, in the upper part 

(33.30) darker (soil stronger developed) 

33.70 - base NET2 Sand, middle to fine, with Ramat Gan Aeolianite (kurkar) 
of section at (34.30) frequent bioclasts, light ochre to Kurkar 
37.50 ochre colour, lithified through 

NET 1 
carbonaceous cement, former 
dune structure (foresets) still 

(35.10) visible, frequent rizolithes in the 
upper part, stronger lithified 
structures accentuated through 
erosion of the rest 



About 100 m towards the North from the abO\'e described section (rable 1.2 .. 1a) the 

lowermost aeolianite is exposed with a greater thickness. Two further samples were 

taken (fable 3.2.3b). 

Table 3.2.3b : Detailed description of the northern section at the coastal cliff near Netanya South 
and luminescence sample locations. 

Depth (m) Sample Field description (20103/98) 
name and 
depth (m) 

0.00 - base of NET 6 
section at (12.00) 
18.00 

NET5 
(14.50) 

Sand, middle to fine, with 
frequent bioclasts, light ochre 
to ochre colour, lithified 
through carbonaceous 
cement, former dune structure 
(foresets) still visible, frequent 
rizolithes in the upper part, 
stronger lithified structures 
accentuated through erosion 
of the rest 

Stratigraphical Interpretation 
names after 
GVIRTZMAN et 
a/. (1998) 

Ramat Gan 
Kurkar 

Aeolianite (kurkar) 



Wadi Neta1rya S otlth 

In an open domestic sewage gully which carved mto the recent local dune field and 

Holocene sediments between a southern part of the town Netanya and the beach 

(Figure 3.2.3a), several Holocene sections with alternating sand and soil horizons were 

described and sampled. The gully was arbitrarily named "Wadi Netanya South" (sampks 

WNS). For dating two sections which comprise the main horizons were chosen (J'ahks 

3.2.3c, d). 

The first section (fable 3.2.3c) comprises a weak soil (regosol/ arenosol) at the bottom 

of the wadi, followed by a hamra. On top of the hamra follows a carbonaceous horizon, 

which is followed by a regosol and sand. 

Table 3.2.3c: Detailed description of the eastern section at Wadi Nctanya South and 
luminescence sample locations. 

Depth (m) Sample Field description (25/05/1997) Interpretation 
name and 
depth (m) 

0.00 -1.50 Sand, light ochre colour, clear boundary to Sand 
horizon below 

1.50 -1.90 Sand, middle to fine, dark brown colour, shells Regosol (A horizon) 
of land snails, some shells of molluscs, isolated 
in bands, gradual transition to horizon below 

1.90 - 2.50 Sand, middle to fine, light ochre colour Regosol (C horizon) 

2.50 - 2.75 Carbonate concretions, several centimetres in Caliche? 
diameter, irregular forms, partly conjoined, 
inbetween loose ochre coloured sand 

2.75 - 3.50 WNS20 Sand, ochre colour, frequent and dense Caliche? 
(3.00) carbonaceous concretions 1 cm in diameter, 

lower contact clear but undulating 

3.50 - 4.30 WNS19 Sand, middle to fine, foxy red colour, from 3.50 Hamra (B/C horizon) 
(3.65) - 3.70 m somewhat darker, browner in colour, 

WNS18 below orange foxy red colour, gradual transition 

(4.25) to horizon below 

4.30 - 5.25 WNS17 Sand, middle to fine, ochre to orange colour, Hamra (C horizon) 
(4.75) lighter than lower part of horizon above, gradual 

transition to horizon below 

5.25 - WNS16 Sand, Cafe-coloured Weak soil 
basement (6.00) (RegosoIlArenosol) 
of wadi at 
7.25 



At the second section the carbonaceous horizon is exposed on the basis, on top of 

which follows a regosol, at least one further soil and the recent sand (fable :1.2.:1d). 

Table 3.2.3d: Detailed description of the western section at Wadi Netanya South and 
luminescence sample locations. 

Depth (m) Sample 
name and 
depth (m) 

0.00 -1.00 WNS15 
(0.70) 

1.00 -1.40 WNS14 
(1.15) 

1.40 -1.90 WNS13 
(1.60) 

1.90 - 2.40 WNS12 
(2.00) 

2.40 - 2.70 WNS11 
(2.55) 

2.70 - 3.60 WNS10 

3.60 - base 
of section at 
4.00 

(3.20) 

Field description (25/05/1997) 

Sand, ochre colour, stratified, clear boundary to 
lower horizon, boundary marked by shells of 
landsnails 

Sand, middle to fine, dark grey brown colour, 
humous, no clay in fingertest, frequent shells of 
landsnails diffuse contributed, relative clear 
boundary to horizon below 

Sand, middle to fine, middle brown and towards 
the lower part red brown colour, many well 
preserved shells of landsnails 

Sand, middle to fine, dark grey brown colour, 
humous, dispersed shells of land snails, contact 
to upper horizon sharp and marked by band of 
land snail shells, gradual transition to horizon 
below 

Sand, middle to fine, brownish colour, gradual 
transition to horizon below 

Sand, middle to fine, ochre colour, dispersed 
shells of land snails, sharp lower contact 

Interpretation 

Sand, recent 

Soil (A horizon) 
Regosol 

Soil (8 horizon?) 

Regosol (A horizon) 

Regosol (AiC horizon) 

Regosol (C horizon) 

Carbonaceous concretions, several centimetre Caliche? 
in diameter, dense, inbetween sand, ochre 
colour 
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CHAPTER 4 

Aspects of luminescence dating 
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4.1 Physical phenomenon of luminescence and dating principle 

4.1.1 Physical phenomenon of luminescence and itS description through 
band models 

Luminescence is a spontaneous enusslon caused by an energy supply, where the 

absorbed excitation energy, from the material capable of luminescencc Ouminophor), is 

not added to the radiant heat of the body, but will be saved as potential eneq.,ry. This is 

in contrast to thermal radiation, where the absorbed energy adds to the lattice 

oscillations of the atoms (phonons). Thc stored potential energy can be cmitted as a 

whole or partially. Therefore luminescence docs not follow Planck's thermal radiation 

law, but is an additional emission, which appears as a surplus over thl' thermal radiation 

of a certain body at a certain temperature (RIEl II. 1 n 1). 

The term luminescence needs to be distinguished from other light emissions that arc not 

thermal radiation, but are not lumincscence either. This concerns for example the 

Cerenkov-effect or some light-scatter-effects. Luminescence is in contrast to such 

effects caused by the excited states in the atom or thl' molecule. Because tht, lift,time of 

such states is at least 10-H s, it is only possible that the luminescence emission follows 

after lO-N s of the excitement. With for example the (:erenkov-effect or light-scatter­

effects no such delay exists and the time bctween cause (irradiation) and effect 

(radiation) is in the order of the period of oscillation of a wavelength of light, that is 

about 10 14 s (RIEHL 1971). 

Some of the kinetics of luminescence proccsses can be explained with the help of band 

models. In band models processcs are describcd at the atomic leyd, which arc collecti\'C 

processes concerning widcr areas than single atoms or molecules. The energy states of 

bound (valence) and free (conduction) electrons arc arranged on top of each other in 

hierarchical levels (bands). The valence band describes the energy state of electrons that 

are bound to thcir own or ncighbouring nuclei, while the energetically higher 

conduction band describes energy statcs of free electrons, which would theoreticallv be 

available for conduction. Thc absence of an dectron in the valence band is describt·d as 

a hole. The \ralence band in insulators and semi-conductors is, in contrast to metals, 

separated from thc conduction band by a so-called band gap. The band gap is a 

forbidden zone in a perfect crystal where no energy states arc allowed. At room 

tcmperature most dectrons in insulators arc situated in the valence band and arc not 



available at the conduction band. The luminophors used for dating, like feldspars and 

quartz minerals, are non-metals and belong generally to the group of insulators. But 

through the embedding of foreign atoms, impurities in the crystal lattice generate 

metastable energy states in the band gap, which can cause a luminescence emission (cp. 

RIEHL 1971). 

Electrons in atoms and molecules of sediments arc excited through ionising radiation of 

the natural radioisotopes. In principle three modes of light emitting transitions can be 

described (RIEHL 1971): 

1) The simplest case is the excitation of an electron into a higher energetic state without 

abandoning the atom or molecule (monomolecular reaction). As the electron is not free, 

no photoconductivity takes place. Stimulation and emission take place in the same atom 

or molecule (excitation centre). The return of the electron into its basic state, 

accompanied by photon emission, is a monomolecular reaction of the so-called first 

order. 

2) In other cases electrons are removed from their original place. hee electrons can 

move in the electric field (conduction) and their recombination into the basic state is a 

reaction of the so-called second order. Free electrons in the conduction band arc able to 

recombine with holes emitting light. 

3) Electrons can also be captured by a trapping centre (trap). Traps and luminescl'nce 

centres are usually crystal impurities, which show in comparison with the rest of the 

lattice a positive excess charge and therefore attract electrons. Traps and luminescence 

centres are energetically placed between the valence and conduction band creating 

energy terms in the band gap. Traps are energetically ncar the conduction band and 

luminescence centres are usually ncar to the valence band. I f a free electron is captured 

by a trap its recombination with a luminescence centre can be delayed. I,:lcctrons can 

stay in traps (metastable state) for geological time scales. In order to remove an ekctron 

from the local potential minimum of a trap for example optical or thermal energy supply 

is necessary. The electron can recombine with a luminescence centre, emitting light. 

Csually the recombination takes place over the conduction band (hgure 4.1.1). This 

process is used for luminescence dating (cp. Chapter 4.1.2). 
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Figure 4.1.1: Schematical band model for the IlIIlJIileSCelJce process (ch:wged :,fter Aitken 1985). 
A) Basic state. B) Excitation. C) Storage. D) Stimllbuion and luminescence. For 
explanation please see text below. 

A) The crystal is in a basic state. The energetically higher traps are empty; the 

energetically lower luminescence centres are filled with electrons. 

B) Ionising radiation removes electrons from the valence band and lifts them through 

the supplied energy into the conduction band, where they are distributed through 

diffusion, until captured by an electron trap. The ionisation also causes a positive hole in 

the valence band, which moves also through diffu ion, until it meets an energetically 

low enough luminescence centre, which is filled with an electron. The electron 

recombines with the hole and empties with this the luminescence centre. 

C) The electron remains in the trap. The crystal stores with this the energy, which was 

supplied by the ionising radiation. 

D) Through stimulation (supply for example of optical or thermal energy) the electron 

in the trap is able to overcome the potential energy difference and is lifted into the 

conduction band. From there the electron can recombine with an energetically lower 

free luminescence centre. At the recombination the surplus o f energy of the electron is 

emitted as light quanta Ouminescence). 
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4.1.2 Dating principle 

Irradiation through the natural radioisotopes like 2"1l, 2\XU, 2\2Th, their daughters and 

4<
IK, as well as cosmic rays, causes electrons in crystals from sediments and rocks to be 

transferred from their basic state into metastable states of higher pot<"J1tial energy (cp. 

Chapter 4.1.1). The stored energy is proportional to intensity and duration of the 

irradiation and the mineral grain acts as a natural dosimeter. Through stimulations like 

light and temperature this energy can later be recalled as luminescence through the 

recombination of electrons from traps with a luminescence centre (hgure 4.1.1). The 

amount of light quanta (photons) emitted through the luminescence of th<.' natural 

dosimeter can be detected and is a measure of the dose received by the sediment 

through the natural radiation. If, in addition the dose of the radiation in a certain range 

of time, the dose rate, is known, the equivalent dose of that radiation received by the 

sample can be determined (Equation 4.1.2a). 

A,I{r 

Equivalent dose = JDose rate(/) * dt 
o 

(I ':<.juation 4.1.2a) 

If the dose rate over the time of integration is constant, the age of a sample can be 

obtained from the quotient of equivalent dose and dose ratl' (Flluatiol1 4.1.2b). 

A () 
Equivalent dose (Gy) 

ge a = 
Dose rate (Gy/ a) 

(I·:<.juation 4.1.2b) 

One essential requirement for dating the time of sedimentation is that the atoms and 

molecules at this time are in their basic state; no potential energy should bl' stored in the 

matter from previous depositions, which would later be measured as additional 

luminescence on top of the luminescence from the energy absorbnl since sedimentation 

(cp. Chapter 4.5). 
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4.2 Historical aspects of luminescence dating 

Historical observations of luminescence and related phenomena are collected in 

AITKEN (1998). Bioluminescence of flreflies and bactl'ria and phosphorescence of the 

sea are mentioned in Chinese literature 3000 years ago, Aristotle pH4-322 Be) and Pliny 

the Younger (61-112) describe luminescent mbies, Catherine of Aragon (14H5-1536) 

possessed a ring with a stone which shined in the dark, Vincenzo Cascariolo, Bologna, 

recorded the phosphorescence of baryt (BaS04) in 1603 and Sir Robl'rt Boyle reported 

in 1663 to the Royal Society about (phototransfered) thermoluminescence of a diamond 

which he had beforehand warmed with his body (Arn':'I':N 19H5, II.\R\'/·:Y 1957 in 

AITKEN 1998). 

Before sensitive light detectors (photomultipliers) Wl're developed in thl' middle of the 

last century luminescence was used to distinguish betwel'n diffl'rl'nt minerals taking 

advantage of the fact that a mineral after stimulation always l'mits light of a 

characteristic wavelength (AITKEN 1985,1(98). D.\NII·:LS 1'1 III. (1953) suggestl'd 

thermoluminescence for geological and archaeological agl' determination. l'irst dating 

studies using thermoluminescence were carried out in archaeology on n:ramics (e.g. 

GR()GLER e/ al. 1960, KENNEDY and KNOPli 19GO, AITKI':N e/ al. 19(,4, ICIIIK.\\X'.\ 1965, 

MAZESS and ZI~I~IERM.-\N 1966, R\LPH and H.\N 1966, AITKI':N d a/. 196H, ME,I!).\IIL 

1969 in AITKEN 1985). Subsequently thermoluminescence dating was applil'd to other 

materials like burnt flintstone or volcanic materials (Ci()KSLl e/ tI/. 1974, WINTLE 1973, 

GUERIN and V.\LL\D.\S 1980 cpo AITKEN 1985). 

4.2.1 Dating sediments with thermoluminescence and optical stimulated 
luminescence 

Relative dating of Ukrainian sediments with thermoluminescence (n ,) was reportl'<.l by 

MOROZO\' (1968 in AITKEN 1(98). WINTLE and HUNTLI':Y (1979) dated sediments 

from a deep-sea core with thermoluminescence and showed that the resetting of the 

luminescence signal is carried out through bleaching of sunlight. The reason for the 

resetting of the luminescence signal was not clear in earlier studies and was thought to 

be related to grinding (cp. WINTLE and HUNTJ.Io:Y 1979, WINTI.F 19cJ7). WINTLI': (19KI) 

was the first to date terrestrial western European sediments using thermoluminescence. 

SINGH\'I e/ (II. (1982) applied the method on dune sands. I 'ill thermoluminescence 

dating it was subsequently possible to work out successions of sediment stratigraphies 
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(e.g. WINTLE and BRUNNACKER 1982, WINTLE and HUNTLEY 1982, .lll\'IGNI'( and 

WINTLE 1988, WI:'-.!TLE and P.KK.\L\N 1988, WINTLE 1987, 1990, WII\;TLI': e/ a/. 1984, 

Z()LLER et a/. 1988, 1994, FRECHEN 1991, 1992, 1994, a.o.). 

Parallel to the development of thermoluminescence dating the application of optical 

stimulated luminescence was investigated as a dating tool for sediments (1IlINTI.I·:Y eI til. 

1985, SMITH et aL 1986, G(>DrRf~y-S~nTH el al. 1988, RI J( >DI':S 1988). I lOTI' d a/. (1988) 

and HDTr and ].\EK (1989) were the first to date potassium-rich feklspars with infrared 

optical stimulated luminescence (IR-OSL). Reviews on optical uating arc given in 

AITKEN (1992, 1994). Combined luminescence dating of IR-()SL and TL as the routine 

approach to date sediments was predominantly carried out Oil Im.'ss and loess-like 

sediments (e.g. AKT,\S and FRECH EN 1991, FRECIIEI\; d ill. 1995, "RI':<:III,:I\; anu 

PREUSSER 1996, FRECHEN el al. 1997, I;RECHI':N and Do\)o)'.;o\' (1998), ';RI·:cJII':)'.; 

1999a, 1999b, FRECHEN and Y:\~[SKIKII1999, j;RECIlEN d £II. 1999, Jo:N(;I·:Li\I.\NN 1997, 

ENGELi\L\NN el al. 1999, Z.\NDER 2000, z'\NDER d al. 2000, j'R!':U II':N l'I (II. 2(01). 

While during the 1990s dating studies on fine grain samples Wl'rt.' carried out mostly on 

multiple tens of subsamples (multiple aliquots methods) (cp. WINTLE 1997), first singk' 

aliquot methods (up to a few subsamples) for coarse grain samples were imroduceu. 

Additive protocols for coarse grain feldspars were developeu by DlILLl':R (1991. 1994) 

and GALLo\V.W (1996). MURRAY el al. (1997) introuuced a single aliquot additive dose 

protocol for quartz. Regenerative approaches for feldspar (DllLLlm 1(91) anu for 

feldspar and quartz (SARA, single aliquot regeneradve and added dose protocol) 

(MEJD.\HL and BOTTER-JENSE!,;, 1994) were developed. Though single alil)uot 

approaches promised certain advantages over multiple aliquot methous, various cycles 

of irradiation, preheat and stimulation of the natural dosimeter have complicateu 

implementation of the approaches for uating. Different correction methods wcre 

developed to overcome the loss of stable signal Juring repeated preheat cycles anu 

changes in sensitivity towards radioactive rauiation (DlILI.LR 1994. MLJD.\1I1. anu 

BOTfER-JENSEN 1994, G;\LL()W,W 1996). The by then developed single aliquot 

approaches were better suited for young (Holoccne) samples than older 0,ast Clacial) 

ones (cp. DULLER 1995). Further regenerative protocols for quartz were dcn'loped by 

MuRR. \ Y and ROBERTS (199H) (SAR, single aliquot regcnerativl' dosc protocol) and 

FOLZ and MERCIER (1999a, 1999b) (single aliquot regenerative dose protocol in\'olving 

bracketing regenerative doses). In the SAR protocol by MURR.\ Y and R( lBl·:RTS (199H) 

74 



changes in sensitivity were overcome using the OSI, response to a given test dose and 

the 110° C thermoluminescence peak was used for corrections of sensitivity changes. 

MuRR.-\Y and WINTLE (2000) improved the SAR protocol of MURR.\Y and R()I~ERTS 

(1998) and the simplified SAR protocol of MURR:\ Y and I\1I-:.ID.\1 II. (1999) by correcting 

the natural and regenerative OS1, signals for changes in sensitivity using only the ()SI, 

response to a certain test dose (10 - 20 % of the equivalent dose) and testing that the 

applied test dose would always result in the same population of trappl'd charge carriers. 

MuRR.W and WINTLE (2000) concluded that the improved SAR protocol is sufficiently 

robust for the dating of quartz. W.\Ll.ING.\ e/ a/. (2()OOa) applied tht' S,\R protocol to 

potassium-rich feldspar grains, but encountered the undetl'stimatiol1 of the elluivalent 

dose caused by an increased trapping probability of electrons through thermal trl'atmellt 

(W.\LLlNG.\ et al. 2000a, b). 

4.2.2 Radiofluorescence dating 

As the term "radioluminescence (RL)" used in the early studies concerning infrared­

radio fluorescence (IR-RF) dating of potassium-rich feldspars also comprises otht'r 

physical phenomena (e.g. radiophosphorescence) than only the actually observed 

fluorescence, the dating technique was re-named to the physically more prl'clse 

expression "radio fluorescence (RF)" (ERFURT and KRBI·:TSCI IEK 20ma). 

Since the dose-dependency of single emission peaks in radio fluorescence spectra was 

recognised, radio fluorescence was suggested for sediment dating (l'R.\lJTi\I.\NN 1'1 til. 

1998, TR.\UT~L\NN 1999). At first visible radiofluorescencl' (VIS-RI'') was suggcstl'd as a 

dating tool for plagioclases (I'R:\UT1\L\NN el al. 1998), but recognition that V lS-H .... 

signals of only some plagioclases are sensitive to bleaching through sunlight made this 

dating possibility less attractive for routine dating applications. The following detection 

and investigation of radio fluorescence spectra reaching into infrared wavelengths, 

proved the infrared emission at 865 nm suitable for dating potassium-rich feldspars 

(TR.\UnL\NN 1999, TR.\UnL\NN el a/. 1999). A new localised transition model was 

suggested to explain the observed radio fluorescence properties (J'R.\L;T\I.\Ni\i 1999, 

TR.\UnL\NN eta/. 1999, TR.\UTi\L\NN elal. 2000a, TR.\LJTi\I.\NN 20(0). KRBI~TSCI[EK e/ 

al. (2000) explored methodological aspects of radio fluorescence sediment dating and 

radio fluorescence properties of single feldspar grains were investigated by TR.\L!T\I\NN 

e/ al. (2000b). Radiofluorescence spectra for quartz and other materials were summarised 

by KRBETSCHEK and TR.\Lrl'\l.\NN (2000). To facilitate further investigations of 
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radio fluorescence measurements and to ease routine dating applications with the 

method, a fully automated multi-spectral reading system was developed (\ ':RI'LJRT eI til. 

2003). Additionally to that ERFURT and KRBETSCHEK (2003a) introduced an infrared 

radio fluorescence single-aliquot regenerative dose (IRSAR) protocol for dating coarse 

grain potassium-rich feldspars and studied physical aspects of the infran'd 

radio fluorescence of potassium-rich feldspar as well as methodological aspl.'cts to 

sediment dating (ERFURT and KRBETSCHEK 2003b). 

4.3 Natural dosimeters 

Luminescence properties arc seen in a wide range of minerals like for example gypsum. 

zircon and others (e.g. RIEHL 1971, WINTLE 19n. WINT!.I': 1997. KRBI'TSc:lII':" 1'1 ill. 

1997), yet a natural dosimeter requires to be able to store the received radiation e..'nergy 

over geological times without loss or change, to be bleached through natural 111e..'ans like 

sunlight or heat, to emit under stimulation a sufficiently intense Q)right enough) signal 

and to be adequately available in the geological context. Since feldspar and yuartz 

generally meet these requirements and are the two most abundant minerals in the 

Earth's crust they are commonly used for luminescence sediment dating. Both minerals 

are geologically most versatile and appear in many different geological systems showing 

a number of varieties and modifications. Differences in luminescence..' properties of 

feldspar resulting from numerous modifications in chemical composition and structure 

are investigated in detailed studies (cp. KRBETSCIIf':r.,: 1'1 al. 1997, Dl!I.L1':R 1997). The..' 

chemical and structural diversity of quartz regarding varying luminescence..' dating 

properties is less intensively explored than that of feldspars (cp. KRBI'TSClII':" dill. 

1997). This might be because the systematic of the most common feldspars is usually 

depicted in a ternary system between the endmembers orthoclase (microcline, sanidine), 

albite and anorthite, emphasising the chemically discontinuous composition of alkali­

feldspars and the chemically continuous composition of plagioclases. In contrary to 

feldspars the systematic of the quartz group is only partly depicted in a P-T-phase..' 

diagram, emphasising structural rather than chemical differences. In luminescence 

dating with feldspars, usually potassium-rich feldspars are separated using differences in 

the density of chemically distinguishable feldspars (cp. Chapter 5 .. 1.1). The potassium­

rich feldspar dosimeter in this case still comprises differences in chemical composition 

around the endmember of the ternary system, potassium-feldspar, and its chemical 

substitutes, but also structural differences deriying from high temperature and high 

7(, 



pressure phases (e.g. sanidine, microcline). In dating applications with quartz no 

structural or chemical differences are made as such. In the table below luminescence 

dating properties of potassium-rich feldspars and bulk quartz arc compared Crable 4.1). 

The dosimeter used in this study is potassium-rich feldspar (cp. Chapter 5.2). 

Table 4.3: Luminescence dating properties of potassium-rich feldspars and bulk quartz. 

Properties 

Saturation dose 

Bleaching 

Optical signal intensity 

Possible draw backs 

Potassium-rich feldspars 

High saturation dose (ca. 3000 
Gy) (depending on 
environmental dose rate) 

Bulk quartz 

Lower saturation dose (smaller 
age range depending on 
environmental dose rate) 

Optical response to sunlight is Quick optical response to 
quick, but not as quick as quartz sunlight 

Bright Less bright 

Anomalous fading, 

Optical absorption 

Sensitivity changes, 

Thermal quenching, 

Mixed signal from bulk quartz 
mixture 

4.4 Signals from potassium-rich feldspars 

More than half of the natural occurring minerals arc luminescent and most emit under 

stimulation signals at various wavelength. As in this study potassium-rich fddspars art· 

used as natural dosimeters their luminescence emissions arc introduced below. Colours 

for certain wavelengths are given after the German Industry Norm (Deutsche Industrie 

Norm, DIN 5031) (cp. KRBETSCHEJ-.,;. e/ al. 1997, A rrr..:.I·:N 199H). The detection range of 

photomultiplier and optical filters used in front of the photomultiplier detection 

window determine the spectral detection range used for dating (cp. Chapter 5 .. '\.1). 

4.4.1 Thermoluminescence signals from potassium-rich feldspars 

In the review by KRBETSCHEJ-.,;. e/ al. (1997) strong thermoluminescence emission bands 

of potassium-rich feldspars are observed at 275-290 nm, 125-:).')0 nm, around 4()() nm 

(390-415 nm) and at 730 nm. Medium strong radiation is detected around the abovc 

mentioned wavelengths but also towards lower energies at 4S0 nm, 4HS nm, 51 () nm, 

525 nm, 565 nm, 600 nm, 660 nm, 700 nm and 7(,5 nm. This tics in \vith the main 

thermoluminescence emission bands of feldspars at 27S-Z90 nm and at 1Z0-140 nm 

both in the far and near ultra-violet spectral region, respectin'ly, and at 190-440 nm in 

the violet to blue. The near ultra-"iolet and the violet to blue emission bands f( 'fm the 

main components in spectra from potassium-rich feldspars (KRBI':TSCI 1I·:r..:. d til. I ()97). 
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4.4.2 Optical stimulated luminescence signals from potassium-rich feldspars 

Strong optical emission of potassium-rich feldspars is obsl'rved around 1H5 nm and at 

400-410 nm. Medium strong optical emission of potassium-rich feldspars is detected at 

320-340 nm, at 440 nm (370-440 nm), at 510 nm, at 550-560 nm and above 700 nm (cp. 

KRBETSCHEK e/ aJ. 1997). Main optical emission bands of feldspars in general arc 

observed at 320-340 nm in the ultra-violet, at 190-440 nm in the violet to blue and at 

550-570 nm in the yellow-green. The violet to blue emission, in particular around 400-

410 nm (violet), builds the main component in in frared stimulated spectra from 

potassium-rich feldspars and is commonly used for IR-OSL dating (KRl~I'TSC:I!I':I' 1'1 £I/. 

1997). 

4.4.3 Radiofluorescence signals from potassium-rich feldspars 

Several materials emit radio fluorescence signals (cp. KRBl·:TSU II·:K and TR.\llT:\I.\NN 

2000). Radiofluorescence emission of feldspars is observed at 4 to nm in thl' viok-t, at 

560 nm in the yellow-green, at 730 nm in the red and at H65 nm in the infrared. The 

radio fluorescence emission of potassium-rich feldspars in the infrared (H65 nm) can bl' 

used for dating (e.g. TR:\UTr\L\NN 1999, TR.\UT:\l.\l\;N d tI/. 1999, TR\!'T:\I.\N]\; 1'1 tI/. 

2000b). 

4.5 Natural optical bleaching 

Resetting the luminescence signal back to zero through sunlight, prior to deposition of 

the natural dosimeter, is a prerequisite of luminescence sediment dating. Any inherited 

luminescence signal from radiation during a prc\'ious deposition would result in age 

overestimation. Therefore the optical bleaching response towards (sun)light of the 

dosimeter used for dating is tested. The knowledge of the response times of thl' 

different luminescence signals (cp. Chapter 4.4) towards light allows to evaluate if a 

dosimeter from a certain sediment is likely to be bleached under consideration of the 

geological deposition process. 

Sunlight which is received on the Earth's surface generally varies (i) in intensity because 

of cloud cover variability and (ii) in spectrum with the changing orientation of the J':arth 

towards the Sun over a day or for example the Sl'aSOI1S of a year, for a certa1l1 

geographical location. Natural sunlight is therefore difficult to empl()y as an 
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experimental parameter, which is required to stay constant in its intensity and spectrum, 

to observe and compare its effects on bleaching of the luminescence signals over time 

(seconds, minutes, hours, geological time scales). For this reason most bleaching tests 

are carried out with artificial sunlight using laboratory lamps which emit a spectrum 

close to natural sunlight. The results of bleaching tests arc assumed to be comparable to 

a similar bleaching behaviour of the sediment during the time of deposition. 

Experiments on fine grain loess show that natural sunlight bleaches both the 1R-( )SJ, 

and TL signal faster than artificial laboratory light from an OSRAM Ll\tra Vitalux 300 W 

UV lamp (e.g. ENGEL~1ANN 1997). Similar results as for fine grain aeolian sediments 

were observed for signals of coarse grain potassium feldspars of the Israeli aeolianites 

(FRECHEN e/ a/. 2002). Distinctions in the bleaching behaviour towards natural ami 

artificial sunlight result from differences in the emitted light spectra and in particularly 

most likely of the ultraviolet portion. The bleaching tests in this study Wl'rc carril'd out 

with a HONLE SOL2 bleaching unit (cp. Chapter 5 .. 14). The unit simulates a spectrum 

close to that of natural sunlight (B.\R.W and Z(lLJ.ER 1994, WIt\:TU': 1')<)7) and is several 

times more intense (HON1,E product information (6.5 times), WINTLE 19<)7). 

Monitoring IR-OSL and '1'1, signal intensities after various bleaching times showed in a 

number of studies that the IR-OSL signal is bleached faster than the '1'1, signal and while 

the IR-OSL signal can be reduced to zero the '1'1, signal decreases only to a finitl' value. 

These properties of optical and thermal stimulated luminescence towards their bleaching 

behaviour were first observed in optical studies with green (514 nm) laser light by 

GODFREY-Si\IITH e/ al. (1988). From the experiments it could be concluded that the 

optical signals derive from recombining electrons from highly light sensitive traps and 

that their contribution towards the '1'], signal is negligibll', whill' thl' main part of the 'I'J, 

signal originates from recombining electrons of significantly less light sensitive traps 

(GODFREY-Si\IITH e/ al. 1988). 

Optical bleaching times for infrared radio fluorescence (IR-RI') signals with direct 

sunlight lie within one to three hours (rR.\lrr.\L\N~ t 999) and within minutes with 

artificial laboratory light (KRBETSCHEK e/ al. 20(0). Overall the optical bleaching times 

of IR-RF signals are somewhat longer than of IR-OSL signals and lie between bk'aching 

times of IR-OSL and T1, signals. 
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4.6 Artificial irradiation 

Artificial irradiation of the dosimeter used for dating is performcd in thc laboratory to 

simulate the accumulation of dose in the natural cnvironmcnt (cp. Chapter 4.1.2, 

Chapter 4.13). In this way response of the dosim(.·ter to a well defined dose can be 

studied (cp. Chapter 4.10). In luminescence dating practice usually two types of 

irradiation, either gamma or beta (electron) irradiation, arc used. The laboratory 

irradiation with higher doses compared to natural irraoiation causes a thermally unstable 

signal to occur which needs to be removeo before measurcmcnt (cp. Chapter 4.7). 

Further anomalous fading is observed in somc minerals, particularly feldspars, after 

artificial irradiation (cp. Chapter 4.8). 

4.6.1 Gamma irradiation 

Gamma irradiation is carried out with sourccs external to thc luminescence rcaders (cp. 

Chapter 5.3.2). The nuclide (oIIeo is commonly used for irraoiation and sources can bc 

accessed in scientific or medical institutions. (,IIeo is an unstable nuclide which has a 

half-life of 5.3 a and decays with emission of an electron (~ particle) and gamma rays 

with six discrete energies to the stable isotope ('''Ni (EUR()I'I·:.\N C()~I~1l Il':ITII':S .I()INT 

RESE"\RCH CENTRE 1999). 

4.6.2 Beta irradiation 

Since luminescence readers were equipped with beta sources irradiation is possible in 

luminescence readers themselves. Beta irradiation in luminescencc readers is usually 

carried out with ')llSr sources. Thc nuclide <J"Sr is a purc bcta cmittcr and decays with a 

half-life of 28.8 a to the radioactive nuclide <J"y. 'My is also a purc beta emitt(.·r and 

decays with a half-life of64.10 h to the stable isotope ')"1.1' ((;.\.\(~II':1. 19<>7). 

Irradiation in the radio fluorescence reader is carried out with I \7CS sources (FRI;URT d 

a/. 2003). The nuclide l17Cs decays undcr threc beta emissions and onc gamma linc to the 

stable isotope mBa. The half-life of mes is 30.2 a. 
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4.7 Thermal pre-treatment 

Artificial irradiation causes a thermally unstable luminescence signal to occur, which 

needs to be separated from the luminescencc signal measured for dating. The signal is 

considered to be unstable at a certain temperature over geological time scales due to 

electrons recombining from shallow traps. Shallow traps arc more likely to ejl'ct 

electrons than deeper traps, because the degree of thermal vibration nenled to eject an 

electron from a deep trap is higher than to eject an ek'ctron from a shallow trap. Also, 

the probability of an electron being ejected at a certain h:mpl'rature and in a cl'rtain time 

is higher for shallow than for deeper traps. Therefore, the lifetiml' of trapped ek'ctrons 

dcpends on temperature and the depth of the trap. The so-called platl'au test can be 

used to find the temperature region, in which the measured electrons arc thermally 

stable and for which the probability of electrons dc-trapping is negligible for geological 

time scalcs during the burial of the natural dosimeter (AITKI':1'\ 19H5). 

The thermally unstable component can in contrast to anomalous fading (cp. Chapter 

4.8) be removed if an appropriate preheat procedure is applied. Preheats used in studies 

for quartz could not be applied to feldspar dating. According to 1,1 (1991) a suitable 

preheat procedure for potassium-rich feldspars can be chosl'n over a prl'hl'at plateau by 

altering the preheat times at a certain preheat temperature using the ratio of the natural 

signal divided by the natural plus irradiated signal. A plateau indicates the saml' thermal 

stability of natural and natural plus irradiated signal and hence a sufficient prl'heat. 

Additionally, thermal decay rates for the natural and the natural plus irradiated signal can 

be measured (LI 1991). With the development of single aliljuot methods preheat 

plateaus were obtained by altering the preheat temperature and keeping the preheat time 

constant (e.g. Mu~w et a/. 1997, MURR,\\' and WI1'\Tl.F 2()()O, W\LLI]\;(;,\ d II/. 

2000a, b). 

4.8 Anomalous fading 

One phenomenon associated with luminescence feldspar dating, in opposition to ljuartz, 

is the effect of anomalous fading. The expression describes the loss of signal during 

storage after artificial irradiation without further stimulation. Anomalous fading was first 

observed by WINTLE (1973) in thermoluminescence measurements on feldspars of 

volcanic lay a from sanidines from rhyolites ncar Naples, Italy, and from plagioclases 
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from basalts from Iceland and the Massive Central, I·rance. SP<)( >:,\:ER (1992, 1994) also 

confirmed anomalous fading in IR-OSL measurements on feldspars. The phenomenon 

is commonly associated with feldspars deriving geologically from mineral assemhlagl's 

with a volcanic background. The fast cooling volcanic environment prohibits pl'rfect 

structural ordering of the crystal lattice and the crystals precipitate in more disordered 

structures. Structural disorder is brought forward to be a reason for anomalous fading 

(HUNTLEY and L\l\[OTHE 2001). Physically anomalous fading is explainl'd through 

electrons tunnelling through the potential energy barrier of thl'ir traps (e.g. VIS< lSFJ..:.\S 

1985, VrSOSEK,\S et al. 1994). j\nomalous fading would result in age underestimation of 

the dated sediment and is therefore routinely testl'd in IR-OSL and TL dating 

applications with feldspars. There have also been suggestions to overcome anomalous 

fading in dating applications by storing samples at elevated temperatures (cp. WIN'I'J.I-: 

1997, HUNTLEY and L\~[()TIIE 20(1). HUNTLEY and 1..\:\« >'1'111-: (2001) suggestl'd that 

anomalous fading in the IR-OSL dating of young feldspars 00\v dose region) could he 

overcome by establishing the rate of fading which according to the them}' of l\Uantum­

mechanical tunnelling can be described by a time depending logarithm (VIS( lSI':K \S 

1985) and corrected by extrapolation. On the other hand ZINJ..: and VIS( lSI':K\S (1997) 

and VIS0SEK\S and ZINK (1999) proposed to use the TL emission at 7 to nm in the 

near infrared for dating alkali feldspars, as this emission seems not to be affectl'd by 

anomalous fading. Yet this approach is only possible with photomultipliers sensitive in 

this wavelength area and which are able to distinguish between the 710 nm emission and 

thermal radiation background, hence not with standard dating elJuipment. 

4.9 Measuring equipment 

Since luminescence measurements can be effectively used for sediment dating and other 

dating applications the development of automated luminescence readers was intrmlucnl. 

Today equipment for the measurement of optical stimulated luminescl'nn' and 

thermoluminescence is commercially available for example from RISO NATIONAL 

LABORATORIES, Roskilde, Denmark, JXITLEMORJ·:, Oxford or DXYBREAK 

NUCLEAR AND MEDICAL SYSTEMS, Branford, U.S.A .. 

BenTER-JENSEN (1997) provided an overview of the instruml'ntation available from 

RIS0 for optical stimulated luminescence and thermoluminescencl' measurl'l11en ts. J '()r 
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an automated infrared and visible radio fluorescence reader Dr. (iunter I ':rfurt, 'I'll 

Freiberg, Germany can be approached. 

4.9.1 Optical luminescence and thermoluminescence readers 

The luminescence readers used in this study arc the RIS(,) models TL-D.\- 12, which 

was upgraded for OSL measurements, and TL/OSL-DA-15 at the l:nivcrsity of 

Gloucestershire Geochronology Laboratories (UGGL). Both machines arc equipped 

with a ~IlSr beta source (cp. Chapter 4.6.2), a photomultiplil'r tubl', a heating unit and 

optical stimulation units (rR-OSL, G-OSL). A rotating sample holder carries 24 or 4H 

aliquots, respectively and transports one subsample at the time to the appropriate 

irradiation or measurement position. The systems arc controlled with the RIS() softwarl' 

TL/OSL for Windows, Version 1.13, 1996. r\ more detailed dl'scription can be found in 

B(1TIER-JENSEN (1997). 

4.9.2 Radiofluorescence reader 

A newly developed automated radio fluorescence reader which can detect cmissions in 

the visible range and in the infrared was developed following the recognition that 

infrared radio fluorescence can be used for Late Pleistocene sediment dating (cp. 

Chapter 4.2.2). The instrument is described in detail by I ':RlilJRT d til. (200.1). The 

radio fluorescence reader is based on a commercially available DA YBRL,\K 11 ()() TL 

reader system, which was re-designed and modified. The new instrument is cquipped 

with a sample holder which can carry up to ten samples at one time and ten 117CS 

sources for excitation (cp. Chapter 4.6.2) which arc located on a platter underneath the 

sample holder. Sample holder and source platter can be turned out of phase, so that no 

irradiation is possible. The radiofluorescence emission of the samples arc guided 

through an optical fibre cable and filters in an automated filter \vhccl to the 

photomultiplier (HAMAMATSLJ GaAs:Cs typl' R94.1-(2) which is housed in a 

thermoelectric cooler for reduction of the dark count. The photomultiplier is sensitin' 

between 160 to 930 nm. The instrument has also a unit to stimulate optical 

luminescence and a bleaching unit built in. All dC\'ices can be automatically controlk'd 

with a program written for this purpose (FRFURT e/ til. 20m) (hgurl' 4.9.2). Photos of 

the new instrument can be seen on the D,\YBRI·:AK wcbpages (D.\YBRI·>\J-,: NlICI.I·:.\R 

2(04). 
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Figure 4.9.2: Schematic sketch of the radiofillorescelJce reader: l -h efttil1g plate, 2-source platter, 
3-sample platter, 4-il1let tubc, 5-alltomatcd filtcr IVllCcl, 6-IR tlbsorbil1g filtcr, 7-sig ll.'ll 
opticaJ fibre cable, 8-bleachillg optical fibre cable, 9- oph'c:1i fibre cable for optic.'11 
excitatioll (from ERFURT el al. 2003). 

4.10 Luminescence and racliofluorescence signals 

D ecay curves, glow curves and radjofluorescence signals vary with the amount of the 

luminescence/ radio fluorescence flux and are characteristic in their shape for the 

individual emissions due to differences in trappi.ng and recombina tion. Typical cmvcs 

for the different stimulation methods are shown below. 

4.10.1 IR-OSL decay curves 

For the decay curve of the IR-OSL the luminescence intensity is plotted as a fu nction of 

the IR stimulation time in seconds (Figure 4.10.1) . The signal intensity decreases with 

the increase of the IR stimulation time and is the sum of the ernissions in the chosen 

wavelengths band of the spectral detection window (cp. Chapter 5.3.3). 
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Figure 4.10.1: Typical decay curve of IR-OSL; shown is aliquot 28 from s.1mple HAB 10 (redrawn 
from the program Analyst). 

4.10.2 TL glow curves 

For the TL glow curve the luminescence intensity is plotted as a function of the 

stimulation temperature (Figure 4,10.2). The si!-,tt1al increases and decreases forming a 

peak at higher temperatures and is similar to the IR-( )SI, dose characteristic t11l' slim of 

the emissions in the chosen wavelengths band of the (il-tectlon window (cp. Chapter 

5.3.3). 
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Figure 4.10.2: Typical glow curve of TL; shown is aliquot 5 from sample HAB 12 (redran7J from 
the program Analyst). 

4.10.3 IR-RF characteristics 

For the IR-RF characteristic the radiofluoresccncc intensity is plotted as a function of 

the stimulation dose (or radioactive stimulation time) (thick solid line in hgure 4.11.2). 

The signal decreases with an increase in dose. The si!-,tt1al measured is the slim of the 

bandwidth of the detection window (cp. Chapter 5.4.2). 
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4.11 Equivalent dose determination 

Different mathematical approaches using the change in intensity of the luminescence 

response to varying doses were developed to determine the time of deposition. In IR­

OSL and TL dating, this corresponds to a zcro dose value or zero dose value plus 

residual, respectively, (cp. Chapter 4.11.1). While in IR-R)'" dating, the elJuivalent dose of 

deposition corresponds to a maximum dose (cp. Chapter 4.11.2). Below, the approachl..'s 

used in this study are described. For other clJuivalent dosl..' determination methods sec 

for example WINTLE (1997), FOLZ and MERCIER (1999), KRBI·TSClIEK e/ (I/. (2()()(), 

MURR;\ Y and WINTLE (2000) and W;\LLING.\ e/ a/. (2()OOa). 

4.11.1 IR-OSL and TL multiple aliquot additive dose (~IAAD) protocol 

The response of the dosimeter to well defined laboratory doses is compared with thl..' 

natural dose received by the dosimeter since deposition (e.g. J\ITKI':N 19H5, IIJIJH, 

WIKTLE 1997). In the multiple aliquot additiyc dose (l\fAAD) protocol successive 

increasing doses of laboratory irradiation arc givcn on top of the natural dose. For cach 

dose step a group of aliquots is used. One group of alilJuots is not irradiated to obtain 

the natural dose. The measured luminescence intensitil..'s for the single groups arc 

plotted as a function of irradiation dose or time (I"igure 4.11.1a). The luminescence 

intensities for the natural dose with no irradiation plot above zero on the x-axis. The 

luminescence intensities for the irradiated dose groups should increase with higher 

irradiation doses. A mathematical function is iterated to fit the dose groups. To obtain 

the equivalent dose (or equivalent timc of artificial irradiation) the fitted functlon is 

extrapolated backwards to the point of intersection with the x-axis. The absolute value 

between point of intersection and zero dose of the laboratory irradiation is the 

equivalent dose (or equivalent time of artificial irradiation). h)r practical purposes 

usually the equivalent time of the artificial irradiation is estimated in minutes (min) and 

the equiyalent dose in Gray (Gy) is calculated with the dose ratc in Gray per minute 

(Gy / min) of the source used for irradiation. The abo\'(.' described method ("additive 

dose", cpo WIl\:TLE 1997) of equivalent dose determination is valuable for IR-OSL 

measurements as it requires a zero dose level at the time of deposition. 
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Figure 4.11.1a: IR-OSL dating with the MAAD protocol. Shown is thc lahor.lt0l')' re ... ponse for 
sample HAB 10 (redrawn from the program Analyst). 

For TL measurements, where the luminescence si!-,l11al can only be bleached to a residual 

level (cp. Chapter 4.5), the fitted mathematical function is extrapolated backwards to the 

point of intersection with that residuallevcl (Figure 4.11.1 b). The y-va)ue of the residual 

signal is obtained by measuring an additional group of aliyuots whose natural signal is 

remm'ed through bleaching ("total bleach - additive dose", cpo WI~TLI': 1997). 
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Figure4.11.1b: TL dating with the MAAD protocol. Thc unblt'achabl,' rcsidu<ll I: .. alrc<ldy 
subtracted from the measured luminescence intensities by thc program and thc x-<lxi ... 
corresponds to the y-value of the residual signal. The laboratol')' rc!;poD!,C from sample 
HAB 12 is shown (redrawn from the program Ana~vst). 
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4.11.2 IR-RF single aliquot regenerative (IRSAR) dose protocol 

The dose response curve matches the IR-RF characteristic (cp. Chapter 4.10 .. ,). This is 

explained through the direct radiative transition of elcctrons during radioactivc 

excitation from the conduction band into the 1.43 cV trap, which causcs the IR-RI: 

emission in potassium feldspars (e.g. 1'R;\UTl\L\NN 1999, ERI"URT and KRBETSClIEK 

2003b). In IR-RF dating the primary process of electron trapping is mcasurcd and not 

like in IR-OSL and TL dating the secondary process of rccombination of elcctrons from 

traps with a luminescence centre. 

The IR-RF signal is maximal after bleaching of thc sample, because the 1.4.' eV traps 

are empty and can be filled during the radioactive excitation with the maximum num\x'r 

of electrons and therewith fluorescence flux. Thc sihJ11al intensity dccreases with higher 

doses as more and more traps are fllled and fcwer IR-RI: radiative transitions from the 

conduction band can take place (e.g. TRAU'fM.\NN 1999, 1·:RI·lJRT and KRBI·TSUII·:K 

2003b). 

To obtain the equivalent dose the natural IR-RI: is measured. L\fter that the sample is 

bleached. It takes the phosphorescence after bleaching about an hour to scttlc. Aftcr 

that the sample is irradiated and the radiofluorescencc dctectcd to obtain the: dose: 

characteristic. Several hundred dose points arc measured. A mathematical function to fit 

the dose points is fitted and the equivalent dose is obtained using the fit paramete:rs and 

the IR-RF signal of the natural dose (cp. Chapter 5.4.4) (l':R(olJRT and KRBI':TSClII':K 

2003a) (Figure 4.11.2). 

5500 

--:- 5000 
:l 

~ 
~ 4500 
~ 
:: 4000 
tt: 

~ 
3500 

3000 

HAB 15 (RG 850) 

·100 ·50 0 50 100 150 200 250 300 

Dose (Gy) 

Figure 4.11.2: Dose response curve for IR-RF dating and the IRSAR protocol on the eXilmple of 
sample HAB 15. 
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4.12 Normalisation 

In IR-OSL and TL coarse gram multiple aliquot dating a normalisation method 1S 

employed to equalise the disc to disc scattering of the aliquots (cp. Chapter 53.1). If 

discs are not normalised different orders ofluminescence intensities can make it difficult 

to compare the signals in the individual dose groups to ('ach other. The differences in 

signal are caused by varying numbers of grains on the discs or mineral grains with 

unequal luminescence intensities. In general three different normalisation methods arc 

known as described below (cp. AITKEN 199H). 

4.12.1 Geometrical normalisation 

In this study the grains are brought onto the individual discs with the help of a 

geometrical device and fixed with a silicon oil aerosol (cp. Chapter 5.3.1). An unitised 

amount of grains is fixed in the centre of the disc area. Through a further preparation 

step the grains are brought into a monolayer. This preparation guarantees a relative disc 

to disc uniformity and helps to reduce scattering due to differences in grain numbers 

and volume. The effectiveness of such a geometrical normalisation depends strongly on 

the natural homogeneity of the sediment and the manual handling skills of the 

laboratory worker. For coastal dune sands which are generally a very well sorted 

sediment and in the hands of a precise working person with several years laboratory 

experience geometrical normalisation is an effective way of reducing disc to disc scatter 

caused by differences in volume and grain numbers. 

4.12.2 Short shine normalisation 

In short shine normalisation a very small IR stimulation is applied to all discs and the 

IR-OSL signal recorded. The luminescence intensity of the individual discs rdlccts not 

only differences in grain number or volume, but also varying luminescence int('nsities of 

the individual grains. Although this normalisation method is elegant in its usage and 

gives a good normalisation factor, it is rather inapplicable if the samples are irradiated 

externally and need to be transported over long distances. Because some grains might be 

lost or the grain geometry changed during transport, the measurement after irradiation is 

different and a previously obtained normalisation factor would be inadcl)uate. 
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4.12.3 Second glow normalisation 

In a second glow normalisation the sample is irradiated in the luminescence reader, 

preheated and the luminescence signal measured (second cycle) after the measurements 

to obtain the luminescence signals for dating (first cycle). This should result in a signal 

that is characteristic for the luminescence intensity of each disc. l ~nf()rtunatcl)' this 

approach is often hampered by luminescence sensitivity changes of the mineral grains 

due to the repeated cycle of dose accumulation, preheat and stimulation, which can 

result in an increase of scattering through second glow normalisation than without. 

A geometrical normalisation docs not require any mathematical procedufl" Short shine 

or second glow normalisation can be applied by multiplying or dividing the original 

luminescence signal by the normalisation value. 

4.13 Dosimetry 

Any environmental radioactive ray with sufficient enerh')" absorbed by the mint'ral grain 

since deposition causes the electron transition into exciteu states and the luminescence 

can be later measured in the laboratory. The environmental dose rate (cp. (:haptt'r 4.1.2) 

is generally composed of the internal dose rate from rauioisotopes built into the mineral 

lattice and the external dose rate from rauioisotopes in the surrounuing ueposits and the 

cosmic ray dose rate which affects the upper parts of the sediment record. 

The decays of the environmental radioisotopes give rise to alpha (ex), beta (~) and 

gamma (y) rays which affect the sediment. In the average sediment ex-particles (helium 

nucleus: 2 protons, 2 neutrons) have a penetration range into material of about 25 Ilm, 

~-particles (electrons) of circa 3 mm and y-rays (high energy electromagnetic radiation) 

reach as far as 0.3 m (AITKEN 1998). In addition to that contribute muons to the dose 

rate in the upper parts of the sediment record. 

4.13.1 Internal dose rate 

Because alkali-feldspars contain generally high quantities of potassium compan:d with 

other minerals, the grain internal contribution to the general dose rate needs to be 

considered. The main contribution to the internal dose rate derives from radioisotope 

411K although other radioisotopes like for example H7Rb also contribute to the internal 

dose rate (HLT~TLEY and CL\GUE 1996). In natural potassium the radioactiVl' isotopt· 
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4°K shows an atomic abundance of about 0.01 (Yo (AITKJ':~ 199H). 411K decays through 

electron capture to <IliAr and through beta emission to 4<
ICa which is stable. The latter 

decay is relevant for the internal dose rate contribution. I n the luminescence age 

determination the contribution of the intcrnal dosc rate from .IIIK to the total dose rate is 

taken into account by considcring thc gcneral potassium content of the feldspar grains 

and with this the contribution that is made by the isotope '~IK 

BOTIER-JENSEN and MEJD.\HL (1985) suggested the determination of the potassium 

content of potassium-feldspars via beta counting. This method is widely uSl'd in a 

number of laboratories, although an accurate determination of the potassium content 

depends on the success of the separation of the feldspar grains from lluartz grains (cp. 

Chapter 7.1.5) and the general intergrowth of potassium-rich feldspars with sodium-rich 

feldspars, quartz or other mineral phases. This could result in the underestimation of 

the internal dose rate. HUNTLEY and B.\RII. (1997) theoretically calculated thl' bulk 

potassium content of 12.5 ± 0.5 % for potassium-rich feldspars, which is also consistent 

with data given for example by DOTSCH and KRBETSCJJEK (1997). As the total I R-OSL 

emission and in the main the '1'1. emission comes from feldspars (potassium-rich 

through density separation) (cp. DOTSCll and KlmETsCI IJo:K 1997, KRBETSClII':K ('/ al. 

1997), the value of 12.5 ± 0.5 % is a good bulk estimate for the potassium content. 

DOTSCH and KRBETSCHEK (1997) suggested further two other methods for the internal 

potassium dose determination. The ftrst one is the determination of the potassium 

concentration of the pure feldspar fraction through detailed chemical analysis uSll1g 

atomic absorption spectro-photometry for element analysis. The second, more 

intriguing method, is based on the ftnding that the peak emission of the red afterglow 

after irradiation (radiophosphorescence) shifts in wavelength with the concentration of 

the potassium content from 700 nm to 750 nm for 1411/0 and less than 1 II,U of potassium 

respectively. This relationship between potassium content and emission wavelength can 

also be observed in plagioclases with a very low potassium content and is generally 

independent of the feldspar structure. The last method must be the most elegant 

because of its direct detection and also strict rclation to the luminescence of feldspars 

(DOTSCH and KRBETSCHEK 1(97), though not e\'ery laboratory is l'quipped with the 

instrumentation (luminescence spectrometer or red sensitive photomultiplier) required 

for this approach. 
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4.13.2 External dose rate 

h di · '1Ur1~ ' 15U 21HU d h . d h 4111 ' II . C T e ra O1sotopes - 1. n, - , ,an t elr aug ters, "as we as cosmic rays (orm 

the primary contribution to the external dose rate in the sediment. The.' cosmic ray dose 

rate is considered below (cp. Chapter 4.13.3). The decay of .!IIK is mentioneo above (cp. 

Chapter 4.13.1). 211,.Th decays over a series of other radioisotopes to the stable isotope 

211Hpb (Figure 4.13.2a). The thorium concentration in sanostones is known to be low at 

around 1 ppm (cp. Chapter 6.3.1), given that the heavy mineral concentration is not 

increased (DURR.-\NCE 1986). 215U (actinium) oecays through other radioisotope.·s to 

2117Pb which is stable (Figure 4.13.2b). 21HU decays as a series to the stahle.' isotope 211('»1> 

(Figure 4.13.2c). The uranium concentration in a sediment depends on factors like the 

uranium concentration in the source rock, the proximity to wate.'r, solubility of the 

chemical compounds and the absorption by organic matter, hydroxides and clays 

(DURR.-\NCE 1986). Uranium, which is contained in minerals with soluble compositions 

(e.g. uranyl complexes) and in intergranular spaces, can be dissolvl'll, transfe.'rred and 

precipitated elsewhere (cp. Chapter 4.13.5). Uranium built into the lattice of the minerals 

(e.g. zircon) will not be moved (DURR.\NCE 1986). 

h . f h d" 4111' '11,.1'\ 'l';ll I ' 1xll' o' I T e concentration 0 t e ra 101sotopes '-, - 1, - ane." III se.' IInent can )e 

obtained by gamma spectrometry. This is possible directly in the field with a portable 

gamma spectrometer which measures the overall dose rate received by the sediment in a 

certain location, including the proportion of the cosmic ray dose rate. This has the 

advantage that variations in the contribution to the external dose rate from lithological 

horizons below and above the sampling point, with deviating dose rates compared to 

the sample material, can be better accounted for than by gamma spectrometry carried 

out in the laboratory, where the sample measured needs to be representatin: of the.' 

overall dose rate received at the sample point, except cosmic rays. In ae.'o\ian sediments, 

which are usually lithologically relatively homogenous, this is only of minor importance, 

while for example in a peat bog environment with intercalated detrital sand horizons the 

dose rate would be likely to ,rar)' significantly between layers next to each other and an 

accurate determination of the external dose rate over a representative sample taken in 

the field would be difficult to obtain. The disadvantage of portable.- gamma spectrometry 

is usually a limited measuring time provided by an built-in power supply and t\ll'reforc 

reduced accuracy. 
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Generally in gamma spectrometry the energies of single decays of the radioisotopes in 

the decay series are measured. Because during the decay emitted energies an: discrete for 

the individual radioisotopes they can be assigned to the individual daughters of a decav. 

Measurements of standards with known concentrations and comparison of the 

integration area underneath the peaks allow to calculated the concentration oflllK, 21·'Th 

and 21HC (cp. Chapter 5.5, Chapter 6.3). 
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4.13.3 Cosmic ray dose rate 

Cosmogenic radiation is high energy particle- and photon-radiation which penetrates 

from space into the Earth's atmosphere. The origins of this radiation arc galactic and 

solar. The primary radiation consists of about HO U/u protons, 1 <) U/0 alpha-particles and 

the rest constitutes nuclei from lithium, beryllium, boron, carbon, nitrogl'n, oxygl'n and 

calcium. The frequency of these cores correspond - with ('xception of lithium, I>l'ryllium 

and boron - to the occurrence of these clements in the cosmos. Th(' primary radiation 

penetrates the Earth's atmosphere down to 20 km altitude. V cry elll'rg(,tic particles of 

the primary radiation lose their energy through the ionisation of the atoms of thl' air and 

the interaction with nuclei of the air molecules (N2' O 2, Ar, Kr). Th(' process is known 

as a cosmic ray shower (Figure 4.13.3). Partially nuck-ar spallation takes place: The hit 

atomic cores burst and the particles fly in all directions. This by the primary radiation 

produced particles and energy quanta arc the so-called secondary radiation. Primary 

particles and secondary radiation cause further nuclear spallations, until the initial energy 

is used up. For the moment this causes an increase of the intensity of the cosmic 

radiation. But with further penetration of the primary and sl'condary radiation into tl1<.' 

atmosphere the intensity decreases as a result of absorption. :\ t th(' I':arth's surfacl' only 

secondary radiation can be observed. One distinguishes: 

1) The nucleonic component, which is a slow energy componl'nt and the product of the 

disintegration of neutrons which degenerate to slow neutrons. 

2) The hard component, which consists of muons. Their intl'nsity decrl'asl's only half hy 

passing through a 1 m thick lead plate and the component can still be measured on the 

bottom of deep seas. 

3) The soft component, which exists of electrons and photons and is totally absorbed by 

passing for example through 15 cm of lead. 

4) The neutrino current consists of elementary particles with no electric charge. 

Neutrinos originate through the decay of other particles. Owing to the \Vl'ak interactions 

of neutrinos with matter the current passes through the whole l':arth mort' or less 

unhindered and is therefore very difficult to observe. 

Parts of cosmic radiation with lower energy originate from the Sun, while particles of 

higher energy arc from the galaxy (BORLJCKI t'I al. 1 <)74, C!o: 20(4). 



INCIDENT 
PRIMARY 
PARTICLE 

I I 

I I n p 
'---------y---' '---------y--'i '~---v-~--.-.- _ 

ELECTROMAGNETIC MESON I NUCLEONIC COMPONENT 
OR 'SOFT' OR 'HARD' 

COMPONENT COMPONENT I 
1---·· 

ENERGY FEEDS ACROSS FROM I SMALL ENERGY FEEDBACK 
NUCLEAR TO ELECTROMAGNETIC I FROM MESON TO NUCLEONIC 
INTERACTIONS COMPONENT 

LOW ENERGY NUCLEONIC 
COMPONENT 
(DISINTE:GRATION PRODUCT 
NEUTRONS DEGENERAT! 
TO 'SLOW' NEUTRONS) 

N.P·HIGH ENERGY 
NUCL[ONS 

". p 'DISINTEGRATION 
PRODUCT NUCLEONS 

~ • NUCLEAR 
I' DISINTEGRATION 

Figure 4.13.3: Schematic diagram of cosmic rax shower (NGDC 2004). Note., that mllon.'i we're re­
classed from mesons to leptons (e.g. CE 2004). 

Apart from that there are abundant gamma ray emISSIons through the interactions of 

cosmic ray with othcr matter, a tn'on' thc hard component (muons) of cosmic rays is 

contributing to the external dose rate (e.g. PRI':SCO'IT and IIlI'lT(ll" 11)<)4). Overall the 

cosmic rays interact with the elements of the sediment minerals and produce 

'H IIIB 14(' 2(, \1 d '('('1 I' hid C fl' radioisotopes like , e, _, : an ,w lIC are a so usc lOr sur ace l atlllg 

through neutron capture, muon capture and spallation (e.g. SI~( ;11\'1 and KRBITSCI II':K 

1996, I\'\'-OCHS 1996). The radioisotope '1-1 (tritium) is a PUrl' heta emitter and decays 

to the stable isotope 'He. The radioisotope IIiBe decays with a beta emission to '''B. The 

radioisotope I·e is also a pure beta emitter and decays to the stable isotope 14N. 11.\1 

decays through electron capture to the stable 2('l\ig and the radioisotope I(,C) deC:l)'s 

through beta emission to the stable isotope 1(,,\ r and through electron capture to 1(,S 

(G.\~[:-'IEL 1997). 

The Earth's magnetic field acts as a shield for cosmIc rays and ddlccts the cosmIc 

particles. The amount of cosmic rays that arrives at the )':arth's surface depends on the 



magnetic field strength. As the Earth's magnetic fidd stl'l'ngth changes with the 

geomagnetic latitude it needs to be considered for a particular geographical point (e.g. 

McNISH 1936). The shielding effect is the largest for low latitudes and decreases 

towards the poles. Spatial and temporal changes in magnetic field strt'ngth occurnng 

during magnetic polarity excursions or changes in the primary cosmic ray flux CiUSl' also 

variations in the cosmic ray intensity (e.g. BEI':!{ d (I/. 20(2). 

The penetration depth of cosmic rays depends on the cosmic ray intensity, varying with 

location, altitude and density of the sediment and attenuating with depth (e.g. PIU':SU l'l"J' 

and HUTfON 1994). In the case of the Israeli coastal dune sands and aeolianites, at an 

average penetration depth of 5.30 m 50 0/
0 of the cosmic dosl' ratl' surfan' intensity is 

attenuated (cp. Appedix 2). 

The contribution of the cosmic ray dose to the total dosl' fl'cei\'l'll by the sediment is 

generally low and does not exceed in most cases 10 Oi, of the total dose (e.g. J;RI':U II'N 

and DOl)()]\;()\' 1998, - 4.6 oj()). But this ratio is different for sl'diments with a genl'rally 

low total dose rate, like for example dune sands with circa WOO fl< ;y/a (cp. Chapter 

6.3). In ncar-surface samples from young Holocene dum' sands the contribution of the 

cosmic dose rate towards the total dose rate is proportionally higher and in thl' case of 

the Israeli sediments in the Sharon coastal plain reaches up to 20 '~~, of the total dose. 

Therefore the proportion of the cosmic dose rate towards the total dose nel'lls to Ill' 

considered carefully for young sediments. 

Largely two methods have been used for the consideration of the cosmic ray dose ratl' 

(cp. MCNYIK\\'.-\ 2(00), the usage of an average bulk value for an average depth and the 

calculation of the cosmic dose rate for a certain geographical point and its attenuation 

(AITKEN 1985, 1998, PRESCOTt' and HLnT()N 1994). 1\1l1NYIKW.\ (2000) discllsses 

temporal variations in cosmic dose rate intensities at certain depths due to variations in 

the overburden thickness of the sediment and suggests to allow mathematically for 

stagnation phases and accumulation phases in sediments. But the method docs not 

account for erosional phases. As during stagnations of sl'lliment accumulation it is very 

likely that erosion takes place, but erosion rates arc usually uncertain, the approach by 

MUNYIKW.-\ (2000) seems incomplete and suggests higher accuracy of the suggested 

cosmic dose rate calculation than the method probably yields. 
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4.13.4 Attenuation factors 

Several factors can attenuate the accumulation of the total dosl' rate in the sediment. 

The evaluation of these attenuation factors for the calculation of the total dose rate aims 

to ensure more accurate age estimates. 

Moisture content 

The moisture in the sediment absorbs radiation and attenuat<.'s with this the total dose 

rate, that acts on the mineral grains. To correct for the moisture attl'nuation an 

estimated water content in weight percent is lIsed in the a~e calculatioll. The moisture 

value is often deduced from the moisture content that preyaikd in the sl,ditm:nt durin~ 

sampling; also the filling of the open pore space with water gives an estimate for the 

possible maximum moisture (saturation value). Such approaches Sl'em to be a ~ood 

estimate for sediments that have always been under thl~ same climate re~ime, always arid 

or ncar the saturation level (AITKEN 1998). In areas with varying climatic history and 

moisture regimes like Mediterranean-type climates an estimation of a representative 

mean palaeowatercontent since burial is difficult to obtain and causes uncertaint), in the 

total dose rate calculation. Because clay minerals arl' known to absorb water into thl'ir 

lattice, a palaeowatercontent evaluation should also consider apart from the total P( Ire 

space the average clay content of a sediment. 

Alpha-eJftcienry 

Because of the mass and size of alpha particles there is a hi~h ionisation density alon~ 

their fission tracks. The existing traps along these tracks arc ~()in~ to he tilled and all 

excess of electrons will be removed over the conduction band. h,r this reason alpha 

particles arc less luminescence-effective than beta particles or ~amma rays. ()nly the 

outermost parts of the mineral grains are affected by this. as the alpha particles lluickly 

lose their energy and only penetrate a few micrometers (cp. Chapter 4.1,1). TherefOr<: thl' 

outer part of the mineral grain is removed by HI; etching. or the attelluation (If the total 

dose rate by alpha particles needs to be corrected by a factor re~ardin~ the alpha 

efficiency (cp. AITKE:--; 1985. 1998). 



4.13.5 Radioactive disequilibria 

Radioactive disequilibria relevant for luminescence sediment dating derive mainly from 

the removal of radionuclides from the geological system obseJ"vl't1. I:ractionation 

processes involved are solution and precipitation thl'Ough percolating gl'Oundwater, 

diffusion of gaseous radioisotopes on gas-solid or gas-liquid phase boundaries, alpha 

recoil displacement especially on solid-liquid phase boundaries and n:coil vullll'rability 

(Szilard-Chalmers effect), which enhances the effect of leaching « )S:\( IN() and 

1\'~\l':()\'ICII 1992). The ftrst fractionation process is specially associated with carbonate 

solution and recrystallisation and can affect aeolianite dating. Thl' daughters from 

isotopes removed or displaced from one system into anotlll'r arl' missing in the decay 

series of the ftrst and cause the radioactive disequilibrium betwl'en parl'nt and later 

daughters. The detection of disequilibria with gamma spectrometry is only partly 

possible and depends also on the sensitivity range of the gamma spectrometer. 

KRBETSCHEK e/ al. (1994) suggested the use of both alpha and gamma spectrometry for 

the detection of disequilibria. But alpha spectrometry is usually not available for routine 

dating applications and the detection of disequilibria is therl'fore limited. 

To overcome changes in the environmental dose rate, caused b~' disl'lJuilibria or varying 

moisture content (cp. Chapter 4.13.4), VO(;EL e/ al. (1 <)<)<), 20(2) SUAAl'sted to subtract 

the TL equivalent dose of quartz from the IR.-OSL equivalent dose of potassium-rich 

feldspar from the same sample, leaving only the part of the elJuivalent <.loSl' which 

corresponds to the internal irradiation of the feldspar. As thert· is no changl' (~ (UII Un) 

in the internal radiation over the time concerned for dating (Late Pleistocene) ('ill'. 

halflife t1!2 = 1.277 x 1O~ a), the method is independent from all environmental effects 

that would cause a change in radiation, but the approach is strongly dcpendl·nt on an 

accurate internal dose rate determination. 
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CHAPTERS 

Methods 

The chapter deJcriiJeJ the methodr /lJl'd in the .rtIU/Y. 
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5.1 Field methods 

5.1.1 Choice of sampling sites and sampling points 

The sampling sites for the luminescence dating were chosen using the following critl'ria. 

The sites should cover sections in aeolianite ridges from the North to the South in the 

Carmel and Sharon coastal plains and also where possible, tranSl'cts over the aeolianite 

ridges from East to West. Further it was attempted to cover II range of old to young 

samples from lithified dune sands, loose dune sands and palaeosols. The chosen sites 

were opted for using the above described criteria, but also for their detailed lithological 

and pedological composition (cp. Chapter 3.2). Each sampk'd section was described 

briefly sedimentologically and pedologically and the thickness of till' horizons was 

measured with a surveyor's staff. At the coastal cliff at Netanva South it was also 

necessary to take the bearings of the thicknesses becausl' of till' steepnl'ss of the cliff 

and the upper part stands back compared to the lower part. Thl' sampling points were 

chosen to cover all horizons from old to young and to cover all lithological types of 

strata in a section. Parallel to this study a detailed sedimentological study was carried out 

by NEBER (2002) partly on the same sections. 

5.1.2 Sampling 

At each sampling point a sample (hereafter called luminescencl' sample) for the 

determination of the equivalent dose and a sample for the gamma-spl'ctrometry Wl'fl' 

taken. In soils or in loose sandy material the samples for the luminescence were taken 

with a metal (brass) cylinder in shady conditions and quickly transferred into light tight 

black photo bags. For the gamma spectrometry about 2 kg of material were taken using 

a garden shO\<el into sampling bags. hom lithified dune sands the samples were tah'n in 

blocks with hammer and chisel, both for the luminescence and for gamma­

spectrometry. The luminescence sample was wrappeu for security in light tight black 

photo plastic and taped all around with parcel tapc to prcycnt any breaking apart during 

transport. The gamma-spectrometry samples werc also secureu with tapc. 

5.1,3 Shipping of samples 

For shipping the samples were packed in caruboard boxcs and bolstered with 

newspaper. The boxes were secured with parcel tapl' and stored in \voOllcn containl'rs. 

1()2 



The containers were shipped from Haifa to Rotterdam and transported from Rotterdam 

to Cologne by a haulage contractor. The transfer of the luminescence samples to 

Cheltenham was carried out by private car. The samples for gamma-spectrometry 

remained in Cologne. 

5.2 Choice of natural dosimeter and protocols 

Potassium-rich feldspar was chosen as natural dosimeter for thl' lumim'scence 

measurements as it was expected that the aolianites in the northern coastal plain could 

possibly be considerably older than the Last Glacial/lnteglacial and so llwlrtz could he 

in saturation (cp. Chapter 4.3). Additionally, the luminescence emission of potassium­

rich feldspar is known to be much brighter than that of Guartl': and is therefore suitable 

for dating of very young (Holocene) sediments, which generally show rdatively wl'aker 

luminescence signal because of their young age. Use of potassium-rich feldspar enabled 

comparison of luminescence ages from different strata along the coastal plains on the 

same mineraL 

for equivalent dose determination multiple aliquot additive dose (l\lJ\ A D) protocols for 

IR-OSL and TL measuremtents were chosen. Additionally it was intended to date some 

samples with the IR-RF single aliquot regenerative (IRSAR) dose protocol (cp. (:hapter 

4.11) for comparison. 

5.3 Laboratory methods 
determination 

5.3.1 Sample preparation 

for MAAD equivalent dose 

Thc blocks of aeolianite material takcn for the luminescence measuretnents werl' cut 

with a rock-cutting machine in subdued light conditions. h)r the clltting the rock­

cutting laboratory in thc Geological Institute at the L: niversity of Cologne was 

converted into a luminescence dark laboratory. The windows were blackened with light­

tight photo plastic and red light illumination was provided by portable strip lamps in 

which optical filter foils, types RiO and l\lclinex, from the company 1 ':NCAPSl !UTI ': 

wcrc inserted, allowing wayclengths of transmitted light >()()() nm (Io:NC\ J>SllLl'I 'I ': 



product information). The outer surface of the lithified samples which had seen light 

during sampling or in the field was carefully removed with a water cooled rock-cutting 

machine. To facilitate the cutting of irregular shaped rocks they were first cut into more 

or lcss rcctangular shapes and then several ccntimctrcs from each side were removed, 

according to the degree of cementation of thc rock. Thl' rock-cutting machim' was 

intensively cleaned of outer surface material beforc the remaining core matl'rial was cut 

into smaller pieces. The smaller pieces were stored into light tight photo hags and l'ither 

as such transferred to the luminescence preparation laboratory in Cologne or in 

Cheltenham. In both laboratories preparation took place umk'r suhdlll'd light conditions 

with visible light of the wavelengths >600 nm by ENCAPSl1Ll"n·: filters. 

Very clayey samples from soils were first put into the air-circulatl'd drying cabinet at 

50°C for one night, as the drying process cracks adhesive honds in clay. All samples 

were watered and stirred with distilled water once or twice to decant most parts of Ihl' 

clay fraction after settling of the coarser sediment. hlrthcr thl' sampll's were treall'li with 

drca 17 % HCI to remove the carbonate and iron encrustations around the grains. The 

samples were stirred regularly and the sediment was allowed to settk, so that the acid 

could be decanted and renewed several times depending on the carhonatl' content of the 

sample and until all carbonate was dissolved and no tl'action could hl' obsl.:rved 

anymore. The procedure took up to several hours for the aeolianitl' samples. A ftl'r the 

HCI treatment the samples were washed thoroughly several times with tap water and 

after that several times with distilled water using stirring and an ultrasonic bath for each 

wash. Usually the samples were dried in an oven at 50" C before the next step was 

commenced to remove adhesive bonds of fine particles. In the next step the samples 

were treated with 30 % H 20 2 in order to remo"e organic matter. The solution was 

decanted and renewed until no reaction was observed. A fterwards the samples were 

washed with aqua des/ilia/a several timcs using stirring and an ultrasonic hath. To 

enhance the dispersal of grains the sediment was stirred and kft to stand o\'ernight or 

for at lcast eight hours in 0.1 N Na-Oxalate. A fterwards the liquid was decanted and the 

grains were repeatedly washed with distilled water using stirring and an ultrasonic bath 

until the decanted water was clear and the clay fraction was removed. A ftl'r drying thc 

sediment in an oven at 5W C the sediment was dry sieved with a sieving machine for 20 

minutes. From all samples apart from the cliff section at Netanya South the fraction lOU 

- 200 11m was separated. The samples from the cliff at Netanya South were sie\'cd into 

several grain size fractions between toO - 125, 125 - 140, 140 ~ 160, 160 - 1 XO and 1 XO 
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- 200 ).llTl. Owing to aeolian sorting there was mostly a relatively largl~ proportion of the 

sample in one of these grain size ranges. In the case of the samples from the coastal cliff 

at Netanya South the most frequent size fraction was selected for analysis (cp. Table 

6.4c). From the selected subsamples potassium feklspar grains were enriclll'd using 

sodium poly tungstate solutions for heavy liquid separation of the grains with densitil's 

of 2.70, 2.62 and 2.58 g/cm'. The separation was carril'd out with HI.:Ri\I·:llS 

precession centrifuges in Cologne and Cheltenham and also with sl'parating funnds in 

Cheltenham. After each separation the grains were thoroughly waslll'd with distilled 

water to clean the grains from the remaining sodium poly tungstate solution and to 

regain the substance. Further the grains were dried in an oven at 50" C. 1-'<)1' the multiple 

aliquot measurements about 50 steel discs per sample were mounted with grains from 

the enriched potassium feldspar fractions using silicone spray and a gl'ometrical 

normalisation method. 

5.3.2 Irradiation of multiple aliquot luminescence samples 

The multiple aliquot samples were irradiated with the gamma source of the I nstitute for 

Nuclear Chemistry, Catholic University of J,ouvain-la-Neuve, Belgium. The source 

consists of three rod-shaped wCo-sources (Photo 5 .. ).2a), which arc situated in a 

panorama-chamber and can be remote-controlled by a computer device, as well as 

mechanically from the inside as a back-up. The aliquots were irradiatl'd in a lightotight 

round aluminium irradiation box with a lid (Photo 5.3.2b). This box is placed on a 

rotating base a few centimetres distant from the source which is motor-drivl'n over a 

bicycle chain. There are three different irradiation positions, the inner, middle and outet'. 

The rotation ensures a homogenous irradiation of the aliquots. The three irradiation 

positions were regularly calibrated by the GSF - Forschungszentrum fUr llmwclt und 

Gesundheit, Miinchen (National Research Centre for I':nyironment and llealth. 

Munich) with alanin-dosimeters (fable 5.3.2). The results were converted for minerals 

(quartz) using a factor of 0.898 (A. Wieser pers.com. 1997, 20()1). The reb'ant 

calibrations used in this study are given in Table 5.3.2. The dose rates for each sample 

irradiation were determined considering the halflife of weo (5.3 a) and the natural decay 

of radioisotopes. 
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Photo 5.3.2a: Gamma source in the panorama clJamber. The position for the irradj[Jtjofl of the 
luminescence samples is on the riglJt. 

Photo 5.3.2b: The irradiation box for the luminescence samples is howD in the middle of the 
table with the lid open, so that the three irradiation positions - timer, middle, aliter - are 
visible. 
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Table 5.3.2: Calibrations for the gamma source in Louvain-la-NclIvc, Belgium. 

Time of calibration Position Dose rate (Gy/min) 

August 1997 Inner 9.21 ± 0.29 

Middle 9.38 ± 0.29 

Outer 9.38 ± 0.29 

January 2001 Inner 6.13±0.19 

Middle 6.07 ± 0.19 

Outer 6.16±0.19 

For the tests of the luminescence properties of the feldspar dosimeters beta irradiation 

with 90Sr sources of the RIS0luminescence readers was carried out. 

5.3.3 Detection window 

For the multiple aliquot measurements of the potassium-rich feldspars H rf D 39 

and CORNING 7-59 ftlters were used and also a CHANCE PILKIN T N HA3 fUtc[ 

for heat protection of the photomultiplier. The SCH IT BG39 filter allows 

transmission between 310 to 728 nm and the CORNING 7-59 between 284 to 506 nm 

as well as above 672 run (Figures 5.3.3a, b). The heat protection ftlter J-IA3 aUows 

transmission between 278 run to >850 nm (Figure 5.3.3c). The photomuJrjplicrs lIsed 

for signal detection show a typical spectral response curve between 150 to 625 !'lm 

(Figure 5.3.3d). 

100 

90 

60 

_ 70 

C 
is 60 
c: 

'" ~ 50 
U> 

c: 40 
~ 

30 

20 

10 

o 
200 

I 
I 

} 
300 

~ t-'\ 
/ - -\ -

i--- -

-
I 

1\ 

-- ~ - -

'" 400 500 600 700 600 900 1000 1100 

Waveleng1h (nm) 

Figure 5.3.3a: Transmission of the SCHOTT BG39 filter (redrawIJ from SCHOTT product 
information). 
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Figure 5.3.3c: Transmission of the CHANCE PILKINGTON HA3 Iilter (redrawn from RISfJ 
TL/OSL systems product information). 
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5.3.4 Design of tests for bleaching behaviour, preheat, fading and 
combined measurements 

The samples in all the tests were chosen to cover where possible examples from North 

to South, old and young samples and samplcs from aeolianite and soil lithologies. 

Bleaching behaviollr 

Tests for the IR-OSL and TL bleaching behaviours wen.' carrinl out on the samples 

HDC, SPS 6 and NET 17. From each sample 5 aliquots were not bleached at all to 

measure the natural luminescence signal. Further aliquots, 5 at a time from each sample, 

were bleached with a HONLE SOL 2 bleaching unit for 2 s, 4 s, 6 s, K s, 10 s, 2() s, ,'0 s, 

40 s, 50 s, 1 min,S min, 10 min, 20 min, 30 min, 1 h, 2 h, 3 h, 5 h, 10 h, 12.5 h, 15 h, 

17.5 h, 20 hand 23 h, respectively. Samplc SPS 6 was only bleached lip to 1 () h beC:lllse 

of a shortage of material. The HONLE bleaching unit bleaches the samples with l1'ml 

factor 6.5 over natural sunlight (HONLE product information). Therefore the bleaching 

times used are equivalent to about 13 s, 26 s, 39 s, 52 s, ()5 s (1 min 5 s), DO s (2 min 10 

s), 195 s (3 min 15 s), 260 s (4 min 20 s), 325 s (5 min 25 s), 39() s (() min ,)Os), 1 ()5() s 

(32 min 30 s), 3900 s (1 h 5 min), 7800 s (2 h 10 min), 117()() s (3 h 15 min), 2"4()() s ((, h 

30 min), 46800 s (13 h), 70200 s (19 h 30 min), 1170()() s (?>2 h ,,)() min), 234()()() s (65 h), 

292500 s (81 h 15 min), 351000 s (97 h 30 min), 409500 s (I U h 45 min), 4()H()()() s (U() 

h) and 538200 s (149 h 30 min) of natural sunlight exposure. All alillllots \Vl're measurnl 

with 25 s IR-OSL stimulation followed by a '1'1. measurement up to 45() 0<:' ""'om the 5 

aliquots of the same bleaching timc the arithmetic mean was built from the signal 

intensities and expressed in per cent of the signal intensity of the natural !uminescl'ncl' 

signal. The results are plotted in Figures 6.1.1 a, b, c. 

Preheat 

The preheat tests were carried out on thc samples HDC and N I ':T 17 (additive and 

regenerative) and on sample SPS 6 (additive) using ]R-OS!' and TL measurements. The 

preheat temperature was varied over the time of one minute, h)r each temperature :1 

aliquots were untreated to measure the natural luminescence signal and ,) aliquots were 

irradiated for 10 minutes (- 60 Gy) with a 'iliSr beta source. The irradiation \vas either 

applied additionally to the natural dose (additive) or after bleaching of the aliquots for :\ 

hours with the SOL 2 bleaching unit (regenerative) which simulates I ill'll I ().5 hrs 

sunlight. The aliquots were preheated for one minute at temperatures (If 1 (,0 0<:, 1 HO DC, 
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200 DC, 220 DC, 240 DC, 260 DC, 280 DC and 300 DC before the IR-OSL was measured 

for 25 s followed by a TL measurement up to 450 DC. In !'igures 6. l.1 d - (d .lm the 

luminescence intensities (IR-OSL, T1.) of thc natural (N!.) and the additivt, irradiated 

(NL + x min ~) or the regenerative irradiatcd (S], + x min ~) signals and thl' ratios (NI, 

/ (NL + x min ~)) or (NL / (SL + x min ~)) are plotted yersus the pn'heat tl'mperaturl's 

for one minute. For calculation the arithmetic means from 3 aliyuots Wl'rl' used in each 

case. 

Fading 

Fading tests were carried out on samplcs HA B 3, H" B 5, 11:\ B \(', S<)J> t, S<)Jl .\ 

SOP 5, NET 5, NET 10. From each sample 25 aliyuots werl' kft untrl'atl'd to be abk to 

measure the natural lumincscence signal. A further 25 discs were irradiated for t () min 

(- 60 Gy) with a ~IISr source additional to their natural dose. !'i\'(: untreated and five 

irradiated aliquots were measured shortly after the irradiation and sucCl'ssi\'l'ly after 

storage times of up to 236 days. For thc measuremcnts the alilluots werl' prehl'atl'd with 

230 DC for one minute and IR-OSL was stimulated for 25 s, follO\wd by a TL 

measurement up to 450 DC. In Figures 6.1.1 n - 6.l.1 v the storage time is plotted on the 

x-axis and the ratio from the additive lumincscence signal (natural + irradiated) divilkd 

by the natural luminescence, in per cent of the initial measurement (arithn1l'tic means 

out of 5 aliquots) on the y-axis. 

Combined measurements 

The influence of the IR stimulation on the TL signal in the combined meaSUI'cnll'nts 

was tested on the samples HDC and WNS 15. The test was carried out twofold, (i) to 

check for the influence of the IR stimulations on the natural TL signal and (ii) to test thl' 

influence of the IR stimulations on thc '1'L signal after varying dOSl'S of irradiation. 

for case (i) 5 aliquots of both samples were preheated at 2.){) DC for one minute and 

after that a TL measurcment to 450 DC was carried out. I'-mther alillU()ts, 5 at a time, 

were preheated at 230 DC for one minute, IR-OSL stimulations for 5 s, I () s, 15 s, 2{) s, 

25 5, 30 s, 40 s, 50 sand 60 s were carried out before measuring the '1'1. to 45() DC. hom 

each of the measurements the arithmetic mean of the signal intensities of till' 5 alilluots 

was built. In Figures 6.1.1w and 6.1.1x the IR-OSL stimulation time is plotted on the x­

axis and the IR-OSL intensity, the TL intensity after IR stimulation and the intensity of 
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the TL signal in per cent of the natural '1'1. signal (0 s IR stimulation) after IR 

stimulation on the y-axis. 

For case (ii) a set of 5 aliquots of each sample was preheah.'d at 210 0(; for OIH.' minute, 

the IR-OSL stimulated for 25 s before the '1'1. was measured to 450°C. hlrther alitluots, 

5 at a time, were irradiated with a 9i1Sr source on top of thl' natural luminesCl'nce signal 

(additive) for 2.5 min (- 15 Gy), 5 min (- 10 Ciy), 10 min (- W Ciy), 15 min (- <)0),20 

min (- 120 Gy), 30 min (- 180 Gy), 40 min (- 240 C;y) and (,() min (- ?>W (iy) with 

successive higher doses. The aliquots were then preheated at 2.10 0C: for ont' minute 

before the IR-OSL was stimulated for 25 s and the '1'1. was measured to 45() 0<:, hom 

each of the measurements the arithmetic mean of the signal intl'nsitil's of thl' 5 alilluots 

was built. In Figures 6.1.1 y and 6.1.1 z the irradiation times arc plotted on the x- axis and 

the IR-OSL and TL signal intensities from the natural luminescenCl' signal plus thl' 

added dose, the ratios TL intensity /IR-OSL intensity (CIS) and thl' ratios TI. 

intensity /IR-OSL intensity (%) of the ftrst quotient arc plotted on thl' y-axis. 

5.3.5 l\IAAD protocol 

After irradiation of the samples 111 Louvain-Ia-Neuve (Chapter 5 .. 1.2) the following 

measuring sequence was employed. The aliquots Wl're pn'heated at 210 0(: for one 

minute with a heating ramp of 5 °e/l s, IR-OSL was stimulated for 25 s at .)0 °e, TI. 

was measured to 450°C with a heating ramp of 5 °e/l s. I'or an initial st.'cond glow 

normalisation beta irradiation C"Sr) was carried out for 100 s (- 1() (iy); it followed a 

preheat of 230°C for one minute with a heating ramp of 5 °(:/1 s, I R-C )SI. stimulation 

for 25 s at 30 °e, TL measurement to 450°C with a heating ramp of 5 °C/l s. The 

second glow normalisation was later not used in the equivalent dose determination as it 

resulted in increased scatter of the data. For background subtraction a further IR-C )SI. 

stimulation for 25 s at 30°C was carried out. The background of the TI. was suhtracted 

automatically during the measurement. ror the samples from the Netanya South Cliff 

section no IR-OSL run for a background subtraction was carried out. 

5.3.6 Determination of equivalent doses and a~c calculation 

The equivalent doses from the samples of the cliff at Netanya South were calculated 

with the program Analyse v. 6.17; all other samples were calculated with thl' program 

Analyst v. 3.05 both by G. A. T. Duller using an exponential fit. The samples from the 
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Netanya South Cliff section were second glow normalised. hlr the calculation of the 

equivalent doses of all other samples the second glow normalisation was omittl'd, as it 

resulted in an increased disc-to-disc scatter of several samples. Ilowl'\'l'r, hl'CIUSl' till' 

feldspars were already volume-normalised on the discs during preparation proCl'SS and 

the sediment is in geological terms homogeneous, the samples could Ill' anal\,sed 

without problems. 

5.4 Laboratory 
determina tion 

methods for JRSAR equivalent dose 

Two research visits to Freiberg/Germany took place to date the Isradi samples with JR­

RF. During the fIrst visit samples from the coastal cliff at Netanya South (N I ':T, cpo 

Chapter 3.2.3) were investigated together with Toralf Trautmann using the original 

measuring instrumentation of his Ph.D. research (cp. TR.\l1T:\I.\r-.;~ 11)<)1). The second 

visit concentrated on the measurements of samples from Ilalmnim lluarry (I L\ B, cpo 

Chapter 3.2.1) together with Gunter Erfurt on the newly built fully automatnl 

radio fluorescence reader (cp. ERFURT e/ a/. 20(3). I n this thesis the measurements and 

results of the second research visit are reported. 

5.4.1 Sample preparation 

For the single aliquot IR-RF measurements in ht'iberg (II" B sampks) thl' l'nrichnl 

potassium feldspar fraction prepared for the multiple alilluot measurements was 

additionally etched for 40 minutes with 10 (~/() HI; and after tll'utralisatiotl and washing, 

dried in a drying cabinet at 50" C. The grains were dry sil'\'Cd to reducl' the grain size 

further to 100 - 150 Ilffi. Finally they were fIxed on adhesi\'l' foil strips and the satnpk' 

holder. 

5.4.2 Detection windows 

The IR-RF measurements on the HAB sampks were carried out with SClI()'iT 

RG830, SCHOTT RG850, ANDOVER 70()J."SlO-25 ami i\NDO\,I':R 2()()I'C)7-

25/8650 optical futers. The SCHUlT RGH30 transmits >7H5 nm and the SClI()'IT 

RG850 >S10 nm (Figure 5.4.2a, b). The "NDOVI·:R 7()())o'SlO-25 transmits betwl'l'n 

691 - 715 nm and the ANDOVER 200FC37-25/H(,5() betwccn H45 - H()O 11m (hgurc 

5.4.2c, d). 
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Figure 5.4.2a: Transmission from SCHOTT RG830 filter (redrawn from SCHOTT prodllct 
information). 
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5.4.3 IRSAR protocol 

The IR-RF measurements on the samples from Haborum quarry (HAn) were carried 

out using the IRSAR protocol (cp. ERFURT cl ol. 2003a). The natural IR-RF is measured 

first. Then the sample is optically bleached with a 250 W lamp through an TR absorbing 

filter (Schott KG 3) (cp. ERFURT at al. 2003). After that the IR-RF signal is measured 

during irradiative stimulation and accumulation of dose. A few hundred dose points are 

recorded during the measurement (cp. Figure 4.11.2). 

5.4.4 Determination of equivalent doses and age calculati6n 

In the case of the samples from Habonim quarry (I-IAB) the recorded dose points were 

fitted with an exponential function and the equivalent dose was determined over the 

radio fluorescence flux of the natural accumulated dose and the c rresponding dose 

value of the fitted function (TRAUTMANN 1999, 2000, E RFURT and KR13 ETS IIEK 

2003b) (Equation 5.4.4a). 

(E quati n 5.4.4a) 

<l>(D) IR-RF flux depending on dose D 

<1>0 IR-RF flux of natural dose Do 

~<1> Change of IR-RF flux during irradiation 

A Exponential parameter 
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With an increased understanding of the IR-RF trap the dOSl' pOInts of IR-RI; 

measurements in the IRSAR protocol were fitted with a stretched exponential function, 

using a stretching factor fJ which accounts for effects of multiple trapping and de­

trapping mechanisms (ERliURT and KRBETSCIIEK 2003b, I':RH:RT 1'1 ()/. 2()O.1) (I ':lluation 

5AAb). 

(hillation 5.4.4b) 

5.4.5 Radiofluorcsccncc spectra 

Radiofluorescence spectra were obtained from sampks of th<.' N<.,tanya S()uth (:liff 

section (NET) and the section in the East-wall at Hai>onim (~uarry (11,\ B) during two 

visits to Freiberg/Germany (cp. Chapter 6.2.1). The spectrol11l'ter set -up is described 

elsewhere (RIESER et al. 1994, TR..-\UTM.\NN 1999). 

5.5 Dosimetry 

5.5.1 Gamma spectrometry 

Sample preparation 

All samples for gamma spectrometry measurements were prepan'd at the (;c()logical 

Institute of the University of Cologne. The lithified samples, which \\'Crl' taken in 

blocks, were cut into small pieces with a rock cutting machine. ,\ ftl'r drying in a drying­

cabinet at 50°C for several days they were pulverised in a rock crusher, \vhich was 

meticulously cleaned with a brush and pressurised air before each processing of a Ill'W 

sample. After this the material was further treated with a pestk and mortar until 

powdered and homogenised. Marinelli-beakers were filk'd with 1,() kg of the material 

and sealed air-tight. The samples were stored for at least 4 weeks before measurement to 

allow for the restoration of equilibrium between the gaseous radioisotope radon and its 

daughters. Loose sample material was treated accordingly. but with()ut the rock cutting 

and the crushing machines. 
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Gamma spectrometer 

The measurements were carried out at the Cieological Institute at tht.· l iniversity of 

Cologne with a CANBERRJ\-PACKARD gamma-spt.·ctromett.·r, type ((;(: 20 I 9-

7935.2), with a connected CANBERRA multi-channel analyser. The semiconductor 

detector is made of p- and n-doped germanium. The gamma spectromett.·r measures 

peaks in a range of 186.0 to 2614.5 keY and is energy-calibratt.'d lIsing standards (cp. 

PREUSSER and K-\SPER 2001). For the measurt.'ments the l\larindli-Ix'akers were placed 

over the detection-head of the detector tube in a cylindrical kad-chamber with 0.10 m 

thick walls. The Israeli samples were measured for 72,000 s (20 h). 

Calmlalion if environmC1ltal dose rates 

The data were mass-corrected for analysis and the respective background obtained for 

each peak was subtracted. For calculation a growth cun·t.' is lIst.·d, \vhich lkscrihcs an 

increase of emitted gamma-radiation with increase of conCt.·ntration of radioactiH' 

isotopes (PREUSSER 1999). Isotopes of the actinium decay series ('lll) art.' poor emitters 

of gamma-radiation. The strongest peak can be detected at an energy of I HS.7 ke\' but is 

overlapped by the peak of the 226radium decay of the uranium decay serit.'s (21Hl '). Tlw 

calculation for this peak assumes a 21Huranium("uranium ratio of D7.HH (\X'II.I.F~IS 

1994, PREUSSER 1999). Peaks used for calculation of the annllal external dose rate art.' 

given below (fable 5.5.1). The reproducibility of the Cologne gamma Spt'ctrometer for 

the calibrated peaks lies within an error of 5-10 (~/() (WII.LE;\\S 1(94). 

Table 5.5.1: Peaks used for the calculation of the annual external dose rate, 

232Thorium decays 23BUranium decays 40Potassium decay 
------------------------------------

212Pb 238.6 keY 226Ra 186.0 keY 4°K 1460.0 keY 

212Pb 300.1 keY 214Pb 295.2 keY 

228Ac 338.3 keY 214Pb 351.9 keY 

2°s-r1 538.2 keY 214Si 609.3 keY 

212Si 727.3 keY 214Si 1120.3 keY 

228Ac 911.1 keY 

208TI 2614.5 keY 
--------------------------------------------------



5.5.2 Determination of cosmic ray dose rates 

The cosmic dose rate in this study was determincd aftcr PRI':SC(),1T and //LlTI'()N (1 t)<)4) 

for the northern coastal plains in Israel. For calculations an cxperimental l'stimation of 

the average bulk density of the Israeli samplcs was carried out. Two samples were 

chosen as examples. Sample HAB-II-9 was vcry strongly Iithifil.'ll. Sampk I L\ B 114 was 

less lithified and showed several macroscopically visible mmsiZl'd c;\vitil's. / ;rom both 

samples rectangular subsamples wcrc cut with a rock-cutting machinl'. Their sizes wt'l'e 

measured and their weight recorded in wct and dry conditions. /;rom these sizl's the 

volumes were also calculated. The 'wet' weight was determined aftl'r the subsamples 

were soaked overnight in watcr so that they were saturatl,d. The 'dr~" weight was 

determined after the subsamples were dried in a drying-cabinet for sl'\Tral da~'s. so that 

the natural rock-moisture had vanishcd as wcll. /;rom the measurl'S of the sizes and the 

weights the densities were estimated (1'able 5.5.2.). 

Table 5.5.2: Sizes, weights and densities ofthe subsamples as experimentally estimated. 
------------,-------------"-'- - ~-----'-" ----------" 

HAB-II-4 HAB-II-9 
-----------+------------+-------------- ,---,-, -"'-, 
Sizes and volumes 4.4 em • 6,8 em • 2.4 em = 71,81 5,3 em • 2,8 em • 2,8 = 

em3 41,55 em3 

Weight 'wet' 137.15 9 103.44 9 

Weight 'dry' 123.63 9 100,08 9 

Density 'wet' p = 137,15 9 171,81 em3 = 1,91 P = 103.44 9 141,55 em3 = 2.49 
g/em3 g/em3 

Density 'dry' p = 123.63 9 171,81 em3 = 1.72 P = 100,08 9 141,55 em3 = 2.41 
g/em3 g/em3 

__________ --'--_________ ----1 ______________________ ,_, __ , 

Because loose sands, less lithified acolianites and paial'oso\s arc gem'rally less compacted 

and are more frequent than ''Cry densely lithified aeolianites, an :In'ragl' hulk density of 

2..0 g/cm', closer to the less compacted aeolianites, was uSl·d for all cosmic rav 

calculations. The calculations after PRESO fIT and ~ It rl'n);\j (/ ()I)4) arc given in 

Appendix 1. The results for a depth / arc given in ,\ppendix 2. 

117 



5.5.3 Beta counting 

Beta counting was carried out test-wise on five samples to check whl'ther the value 

given by HUNl1EY and B.\RIL (1997) for the internal potassium content used for age 

calculation is adequate. The counting could not he carried out on all sampks heC:lllSl' of 

shortages in potassium-rich feldspars. 

Sample preparation 

The enriched potassium feldspar fraction (Chapter 5.2.1) of the samples I L\ B 11-9, 

NET 18, NET 24, WNS 1.3 and WNS 17 was ground with a pestle and mortar until H'ry 

fine and homogeneous. About 0.75 g of one sample Wl'rt.' plan'd on top of a plastic 

sample holder with a diameter of 25 mm and covered with mylar foil. 

Beta cotlnter and determination of potaJSillm-t'Olltellt 

The measurements were carried out with a RIS(1 NATION,\L LAB( )RSJ'( >RY Low 

Level Beta Multicounter System (typc (;M-25-5) decribed hy B()TI'I·:H-.lI':N~I·:N and 

MEJD.\HL (1988). The instrument consists of 5 (;eigl~r-Mi.iller countl'rs \vhich permit 5 

samples to be measured simultaneously. For measurements 5 sample hokkrs Wl'rt.' 

placed on a specimen holder and slid into the counter. I ':ach sampk was measured Oil 

each of the positions. The external walls of the counter arc built from 0.1 (I m thick kad 

bricks which shield against external radiation. During measurl'tnents the coullter also 

detects, apart from the counts of thc 5 sample positions, the background noise which is 

automatically subtracted. The equipment is controlled hy the softwar<.' (; [\(255 for 

Windows, version 1.0, from RISO NATIONAL L\BOIL\TORY. Tht.' data obtained 

were exported to MS Excel and the potassium-content was calculatl'd by comparing 

countrates to a standard. 

5.6 Age calculation 

The IR-OSL and TL ages were calculated with the program Age (:alculation, revised 

version 2/10/1991, by R. GRON for RISO NATION,\L L.\BOR,\TORY. The 

equivalent doses wcre us cd as dctcrmined from the multipk alilIU()t measurements 

(Chapter 6.1.2). h)r the internal uranium and thorium contents zcro ";i1ucs Wl'l"C uscd, 

as scdimentary potassium feldspars arc not expected to havc uranium or thorium huilt 

into thcir mineral grid. I'or the internal potassium content the theoretical \'alm' of 125 
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± 0.5 % was used, which covers at 95 % confidence thl' contl·nt rangl' fwm 11.5 -- 1 :\.5 

% after HUNTLEY and R\RIL (1997). For alpha efficiency a maximum vallll' of O.OH ± 

0.02 for IR-OSL and TL was assumed derived from the comparison of gamma and 

alpha irradiation of polymineral fine grain samples (e.g. ")..;( jl':I.:\I.\~~ I (N7). The 

attenuation of beta particlcs was accounted for. (;rains of diameter 150 ± 50 fAin \Vl're 

used for all samples apart from the samplcs from the Nl·tanya South Cliff. Thl'se 

samples were sieved differently as gIven 111 Table (I.4c and the data were used 

accordingly. The enrichcd potassium-feldspar sampks for the multiple alilluot 

measurements wcre not treated with hydrofluoric acid, and so till' value for the layer 

removed was zero. For thc density 2.55 ± 0.0,") g/ cm \ was uSl'd as this covers the 

densities of potassium-rich feldspars best. As there is no intl'rnal uranium or thorium 

content expccted, no internal alpha or Ix,ta dose rates Wl'rt.' assignnl and for thl'sl' 

radionuclides an average alpha- or beta-self-irradiation was not accounll'd for. \'01' thl' 

external uranium, thorium and potassium contents the values from thl' hulk sampks as 

determined by gamma spcctrometry wcre used. The water contl'nt of the snliments was 

considered to depend on the clay content of the sedimentary units since phyl10silicates 

arc generally known to attach water molecules to their grid and to functi()n also as watl'r 

insulating layer. The water content was estimated with 5.0 ± 1.5 wt 00 for aeolianitl's and 

with 9 ± 3 wt % for soils. The water attenuation for the l'xtl'rnal dosl's \vas accmllltl'd 

for. The cosmic ray attenuation was calculated after PRI':~U fIT amI III rlT( IN (1 ()()4) for 

a specific point in the central coastal plain (cp. Chapter 55.2). The c()smic attenuation 

values were read according to the sample depths. 
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CHAPTER 6 

Results 

The I'hapter preJentJ tbe alla[ytim/ reJtI/IJ q/lhe re.r('fItl'b. 
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6.1 IR-OSL and TL measurements 

6.1.1 Properties of dosimeters 

In the following the results for the tests on the luminescence properties of the used 

potassium-rich feldspar dosimeters are reported. 

Bleaching behaviour 

The optical bleaching behaviour of the samples HDC, SP 6 and NET 17 towards 

artificial sunlight shows that the luminescence signal intensities decrease with increasing 

optical bleaching time. The IR-OSL signal from the tested samples is set to zero after 

about two minutes and the TL signal is reduced to an unbleachable rest after about five 

to eight hours light exposure to the HONLE SOL2 lamp. The IR- I signal is 

bleached significantly faster than the TL signal, and can be reduced to zero, while the 

TL signal can only be reduced to a finite value (Figures 6.1.1a, b, c). 

100 Sample: HDC IR-OSL 
Sample: HDC TL 

80 

- 60 
~ e....-
iii 
c 40 OJ 

U5 

20 

0 

10 100 1000 10000 100000 

Bleaching time (5) 

Figure 6.1.1a: Bleaching test for the IR-OSL and the TL signal 011 the sample HDC, carried Ollt 

with an Honle SOL2 bleaching unit. 
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Figure 6.1.1b: Bleaching test for the IR-OSL and the TL signal on the sample SPS 6, cllrried out 
with an Honle SOU bleaching unit. 
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Figure 6.1.1c: Bleaching test for the IR-OSL and the TL signal on the sample NET 17, c:lrried 
out with an Honle SOL2 bleaching unit. 
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Preheat 

The preheat tests showed that with a preheat duration of one minute thl' removal of the 

unstable luminescence component caused by the artificial irradiation is complete whl'n 

the values of the ratio of the natural and the irradiated luminl'scl'\1Cl' intl'nsities reach a 

plateau at 2400 C in case of the preheat tests carried out fl'generatin,ly or at earlil'r 

temperatures in case of the preheat tests carried out additivdy (cp. (:hapler 4.7). The 

results of the preheat tests are shown in detail for the I R-OS!' and T!. of s:unples II DC 

and NET 17 (additive and regenerative) and SPS (, (additive) (I 'igure (,.1.1 d, t', f, g, h, i, i, 

k, 1, m). 

Obsen'ing the signal behaviour of the natural luminescence (NI,) towards incrcased 

temperatures it can be scen that the signal intcnsity stays at an initial kvd until 220 -

2400 C and decreases then very moderately with incrl'asing tl'mpl'ratures. ,\n l'xcl'ption 

is the natural luminescence signal in the preheat test I-IDC IR-( )SI, rcgenl'rative (hgurl' 

6.1.1e) where the signal intensity increases around 20 0 0 from an initial \'aluc towards 

2400 C and then decreases relatively rapidly with increasing tetnpl'ratUft's compared to 

most of thc other preheat tcsts. 

The signal intensities of the irradiated subsamplcs decrease with inCl'l'asing prchcat 

temperatures to between (7n'a 50 % (HDC IR-( )S], additive. hgurl' (,. I. I d) and 1(, 00 

(NET 17 1'1. additive, Figure 6.1.11) for the additin' irradiated subsamples and to 

between l7rca 43 % (HDC IR-OSL regenerative) and 1.', (liO (IIDC TL regl'nerativc) for 

the regenerative irradiated ones. Generally it can be noticl'd [lIr thl' irradiall'd 

subsamples that the intensities from the '1'], measurements dCCl'e:lse with IIlcrcaslllg 

preheat temperatures more rapidly and with a steeper gradient than the I R·( )SI, 

intensities do with increasing preheat temperatures. The intl'nsities of thl' JR-( )SI, 

measurements from the samples HDC (regenerative), SPS 6 (additive) and N FT 17 

(regenerative) after varying preheat temperatures show no or little responsc (dect'l':lsl' of 

signal) towards an increase in preheat temperature until a preheat temperatures of about 

220 - 2600 C are reached (Figures 6.1.1 e, h, k). 

For the quoticnts of the intensity of thc natural luminescencl' divided b,· till' 

luminescence intensity of the irradiated subsampks, a general diffl'l'l'ncl' can bl' 

obsen'ed depending whether the irradiation dose of the irradiated subsamples was gi\'l'n 

on top of the natural luminescence (additive) or after bleaching of suhsamplcs 

(regenerati,·e). For the regenerative approach the value of the ratio increases with 
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Figure 6.1.1d: Preheat test for the sample HDC IR-OSL additive. 

Preheat test HOC IR-OSL regenerative 
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Figure 6.1.1e: Preheat test for the sample HDC IR-OSL regel1erative. 
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Preheat test HOC TL additive 
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Figure 6.1.1f: Preheat test for the sample HDC TL additive. 
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Figure 6.1.1g: Preheat test for the sample HDC TL regeneratilfe. 
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Preheat test SPS 6 IR-OSL additive 
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Figure 6.1.1h: Preheat test for the sample SPS 6IR-OSL additive. 
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Figure 6.1.1i: Preheat test for the sample SPS 6 TL additive. 

126 



Preheat test NET 17IR-OSL addi tive 
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Figure 6.1.1j: Preheat test for the sample NET 17 IR-OSL additive. 
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Figure 6.1.1k: Preheat test for the sample NET 17 IR-OSL regerJerative. 
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Preheat test NET 17 TL additive 
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Figure 6.1.11: Preheat test for the sample NET 17 TL tldditive. 

Preheat test NET 17 TL regenerative 
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Figure 6.1. 1m: Preheat test for the sample NET 17 TL regellCrative. 
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increasing preheat temperature until it reaches a plateau at about 2400 C (e.g. I ;igurcs 

6.1.1 e, g). An exception of the regenerative approach builds sample N 1,:'1' 17 '1'L (hgure 

6.1.1m), where the value of the ratio hardly increases with increasing preheat 

temperatures. For the additivc approach the values of thl' ratios increase O\'l'r a mOrl' 

gentle gradient comparcd to thc ratios of the regenerative approach, showing either a 

plateau from around 2400 C (Figure 6.1.1 f) or for most additivc testcd samples from 

earlier prcheat temperatures (HDC IR-OSL additive from I HOo C, hgure (d. I; SPS (I 

IR-OSL additive from 1600 C, Figure 6.1.1 h; SPS (, TL additive from 2200 C, hgurl' 

6.1.1i; NET 17 TL additivc from 2200 q. It is also noticahle that the results from thl' 

tcsts on samplc NET 17 scattcr relatively strongly compared to the ITsults from the 

samples HDC and SPS 6. 

Fading 

The fading tests wcre carried out on the sampks II A B 1, I L\ B S, 11;\ B I (I, S< ) PI, S< >P 

3, SOP 5, NET 5 and NET 10 (Figures 6.1.1n, 0, p, ll, r, s, t, u, \'). TI1l' results helow an' 

shown as the values of the ratios of the luminescence intensities of the additive 

irradiated subsamples divided by the luminescence intl'nsitil'S of thl' natural signals after 

varying storage times. The values arc expressed in percentagl' of thl' ratio from tl1l' mitial 

measurement. 

Thc ratio valucs calculated for thc samples from Habonim (~u;\1'r)' from IR ( )SI. and '1'1. 

measuremcnts lie within + 1- 10 % (H AB 5) or within + 10 "01 - 15 "" (I L \ B .\ I L\ B 

16) of thc initial value (Figures 6.1.1 n, 0, p). The variation of the values \vithin t1ll'se 

percentages lies within the trend of the mean data. The signals of the tested samples 

from Habonim Quarry do not decrease with increasing storage times. 

The results for the fading tests on the samples from South of Power Station an' two­

fold (Figures 6.1.1q, r, s). The fading values calculated for the samples SOP \ and SOl' 

3 lie in general within + 1- 10 % of the initial value (hgure (LI. hI and r). Single scattered 

values outside this percentage do not indicate a trend and thl' ratios of the samples S< >P 

1 and SOP 3 from the sitc South of Power Station do not decrease with increasing 

storage tlmcs. Differcnt from the above arc the results ol>tainl'll from sample S()J> 5, 

wherc the fading \'alues decrease with increasing storage times to about .... 20 .. (I from the 

initial measurcments of thc IR-OSL and the TL (Jo'igure (1.1.\ s). 
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The samples NET 5 and NET 10 tested from the Netanya outh liff section show 

values of the fading ratios compared with the initial IR- I and TL measurement of + 

10 % to 2: - 25 % with a clear decrease towards increased storage times (Figures 6.1.1t 

and u) . The values for the sample NET 20 scatter between + 75 %/ - 5 % (Figure 

6.1.1v). Dotted lines in the figures below represent ± 10 % deviation f the mean data 

from the initially measured IR-OSL and TL mean values. 
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Figllre 6.1.1n: Fading test on sample HAD 3 IR-OSL :md TL. 
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Figllre 6.1.10: Fading test on sample HAD 5 IR-OSL al1d TL. 
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Fig ure 6.1.1p: Fading test on sample HAB 16 IR-OSL and TL. 
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Figure 6.1.1r: Fading test on sample SOP 3 IR-OSL and TL. 
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Figure 6.1.1s: Fading test on sample SOP 5 IR·OSL al1d TL. 
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Figure 6. 1. It: Fading test on sample NET 5 IR-OSL and TL. 
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Fig ure 6.1.1u: Fading test on sample NET 10 IR-OSL and TL. 
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Combined measlIrements 
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The tests on the influence of the IR-OSL timulation on the intensity of the TL signal in 

the combined measurements were carried out on the two samples HD and WN 15. 

The results are shown below (Figures 6.1.1w, x, y, z). 

In case a) the influence of the IR-OSL stimulation on the natural TL signal was 

investigated. Both samples HDC and WNS 15 show an increase in the IR- SL intensity 

with an increase in the IR-OSL stimulation time from 0 - 60 s (rigures 6.1.1w and x) . 

The subsequently measured TL signals vary around 6,000,000 counts, which expres ~ed 

in per cent shows that the data range between ± 10 % of the natural TL signal (figure 

6.1.1 w). This is within the experimental error and shows that an in fluence of the TR­

OSL stimulation on the natural TL signal can not be detected on the sampleHDC for 

an IR-OSL stimulation up to 60 s, For sample WNS 15 the T1 .. intensity measured after 

IR-OSL stimulation ranges around 250,000 counts. E xpressed in per cenl of the natural 

TL signal the data range between ± 10 % of the natural TL signal for an IR-OSL 

stimulation time of up to 40 s and between ± 20 % of the natural TL signal for IR-O L 

stimulation times of 50 and 60 s (Figure 6.1.1x). With an assumed standard uncertainty 
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of 10 % this shows that an influence of the IR-OSL stimulation on the natural TL signal 

of sample WNS 15 can not be detected for at least up to 40 s IR- L stimulation time. 
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Figure 6.1.1w: Influence of the IR stimulation on tlle IUltllm/ TL signal on SllIllplc HDC. 
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In case b) the influence of the IR-OSL stimulation on the intensity of the TL signal after 

varying doses of irradiation was investigated. Of the te ted samples HDC and WN 15 

the intensity of the IR-OSL signal increased with increasing irradiation doses (time) and 

an IR-OSL stimulation time of 25 s (Figures 6.1.1 y and z). Also the intensity f the TL 

signal of sample HDC increased successively with increased i.rradiati n doses and 

preceding IR-OSL stimulation. The measured intensities were expres ' ed in the quotient 

of the TL intensity devided by the IR-OSL intensity, then the percenta e f the ratios in 

relation to the first ratio was calculated (Figures 6.1.1 y and 6.1.1 z). r n case of sample 

HDC the ratios TL/IR-OSL (%) vary only within + / - 10 % of the value f the first 

ratio. This is within an assumed standard uncertainty of 10 % and shows that an 

influence of the IR-OSL stimulation carried out after successive higher d scs of 

irradiation on the intensity of the TL signal can not be detected on sample HD 

(Figure6.1.1 y). 
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Figure 6.1.1y: Influence of the IN stimulation on the TL signal after ,'aryilJg doses of irradi;,tiolJ 
on sample HDC. 
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While the IR-OSL intensity of sample WNS 15 increases steadily with sLlccessive higher 

irradiation doses, this is not the case for the TL intensity of the low r irradiation doses 

(Figure 6.1.1z). This leads to an initial scatter of the TI /IR- L ratios (arb. u.) (%) and 

can have different reasons. The values of the ratios TL/TR- SL (%) decrease 

systematically for the subsamples measured with higher irradjati 11 doses t ab ut - 40 

% of the initial ratio. An influence of the IR- L measurements prior t the TL 

measurements on the intensity of the TL signal with successive higher irradjation d ses 

cannot be excluded for the tested sample WNS 15 (cp. hapter 7.1.1). 
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Figure 6.1.1z: Influence of the IR stimulation on the natural TL signal after v:uyil1g doses of 
irradiation on sample WNS 15. 
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6.1.2 NIAAD equivalent doses 

The determination of equivalent doses brings into the age calculation information from 

the luminescence measurements (cp. Chapter 4). This information reflects the hd1a\'iour 

of thc individual dosimeters measured and mirrors also their (.'xposition to varyl11g 

environmental dose rates. 

Habonim Qllarry, Dor-Habonim Nature Re.reme A1idd/e Ri((~e, {)()f·-//tl/Jollim 

N attire Reseroe Coast 

The equivalent doses for the samples of Habonim (Juarry range bt,twt'l'n 5".:\.1 ± ",52 

Gy (HAB-I1-1) and 191.81 ± 7.33 Gy (I-L\B 8) for the IROSL mcaSllrt'ml'nts and 

between 51.57 ± 2.93 Gy (HAB-I1-1) and 189.81 ± 5.33 ('Y (11.\1\ H) for thl' TL 

measurements (fable 6.1.2a). Sample HDM has an IR-( )SI. l'lluivak'nt dosl' of %.57 ± 

3.33 Gy and an TL equivalent dose of 71.26 ± 2.MI (;y. hlr samplt- IIDC l'l\lIivaknt 

doses of 65.27 ± 5.33 Gy (IR-OSL) and of 47.95 ± 2,Ml (;y (1'1,) were determinl'd 

(fable 6.1.2a). From 42 obtained equivalent doses of 21 salllpks arl' paired data Sl'tS for 

15 samples (71 %) in congruence within their margins of error or Ill'ar agrt't'ml'tlt 

(Figure 6.1.2a). Exceptions are the equivalent doscs of the samples 11,\ B (I, II i\ B 7, 

HAB 15, HAB 16, HDM and HDC. In all these cases the eyuiYaknt doses of the IR 

OSL are considerably higher than the equivalent doses of the TL. I t is also prominent 

throughout the dataset that the IR-OSI, mean el]uiyalcnt dosl's arc gent'rally higlll'r than 

the TL mean equivalent doses. Exceptions are the samples IIAB 10, I L\B 11, II.\B-II-5 

and HAB-II -9 (Figure 6.1.2a). 

In Figure 6.1.2b the equivalent doses of the samples from the sl'ction in the Fast \vall at 

Habonim Quarry arc prescnted in relation to the sample depth and in stratigraphical 

order. Already the equiyalent doses reflect with thl'ir gt'neral trend the stratigraphy of 

the section with lowcr cquivalent doses at the top of the section and higher l'lllli\'alent 

doses at the lower parts of the profile. Samples H,\B 5, I L\B (I, I L\B 8 and II.\B <) 

show the highest equivalent doses of this section. As these samples arc from well 

deYCloped pedogenic horizons (Chapter 3.2.1) it can be l'Xpected that these higher 

equiyalent doses are associated with respectiydy higher l'n\'ironml'ntal dose ratcs of the 

soils. Considering well deyeloped or weak pedogenic and tHltl-pl'dogl'nic horizons, the 

equiyalent doses reflect generally the stratigraphy of the section. 



Table 6.1.2a: IR-OSL and TL equivalent doses (D.) of the sampleR from Habonim Quarry, Dor-
Habonim Nature Reserve Middle Ridge and Dor-Habonim Naturc RCRCrvC Coast. 
Samples are not in stratigraphical order. 

-------------"-- -- ._._. __ . - --"_." -.---~ ... ---.-_. ,._-------

Sample Depth (m) D. IR-OSL (Gy) De TL (Gy) Ratio D. IR-OSU 
D. TL 

---_._---_._-_ ... - ~-.-... ,- . '"" - .. - .. -- ~--

HAB 1 9.00 59.27 ± 3.33 57.28 ± 2.66 1.03 

HAB2 7.20 64.60 ± 3.30 60.61 ± 2.66 1.07 

HAB3 6.10 67.93 ± 2.66 65.27 ± 2.66 1.04 

HAB4 8.90 151.85 ± 4.66 142.52 ± 4.00 1.07 

HAB5 7.75 155.18 ± 4.66 153.18 ± 5.99 1.01 

HAB6 7.45 165.17 ± 4.00 151.85 ± 3.33 1.09 

HAB 7 6.75 149.18 ± 4.66 133.87 ± 3.33 1.11 

HAB8 6.25 191.81 ±7.33 189.81 ±5.33 1.01 

HAB9 6.05 171.35±7.19 163.84 ± 5.89 1.05 

HAB10 5.55 105.95 ± 2.62 113.14±3.27 0.94 

HAB 11 5.25 107.23 ± 5.33 108.56 ± 5.33 0.99 

HAB12 4.50 79.25 ± 2.66 77.92 ± 2.66 1.02 

HAB13 4.20 75.92 ± 3.33 79.92 ± 6.66 0.95 

HAB14 3.60 

HAB15 4.45 77.26 ± 3.33 65.93 ± 2.66 1.17 

HAB16 10.45 158.51 ± 4.00 110.56 ± 2.00 1.43 

HAB-II-1 1.40 53.33 ± 3.52 51.57 ± 2.93 1.03 

HAB-II-4 2.50 79.70 ± 6.25 70.91 ± 5.86 1.12 

HAB-II-5 3.20 141.23 ± 5.27 142.40 ± 4.69 0.99 

HAB-II-9 2.60 150.54 ± 5.95 149.94 ± 5.95 1.00 

HDM 0.50 96.57 ± 3.33 71.26 ± 2.66 1.36 

HDC 0.50 65.27 ± 5.33 47.95 ± 2.66 1.36 
------_._-------_ .. _----- ---

lThe l'<.juivalent Jo~e~ for sample I L\H14 (oulJ not he detl'flllilll"d due to a Il"rhnicil failure 'In<l an additllln.t1 

~hortagl' of ~ample matl'rial. 
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Figure 6.1.2a: Comparison of the IR-OSL and TL equivalent doses of tbe samples from du: 
sections at Habonim Quarry, Dor-H:lbolllin N.1ture Reserve Middle Ridge and Dor­
H abonim N ature Reserve Coast. The samples :lJld the equiVillell( doses showlI :lre Jlot ill 
stratigraphical order. 
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Figure 6.1.2b: Equivalent doses of the samples from tile section at the East-IV:,II at Habonim 
Quarry ill relatioll to their sample depth. 
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Hadera Power S lalion Quarry, Soul/; of Power S lalion, S etI.rliore POJver Slalion 

The equivalent doses for the samples from Hadcra Powcr Station (~uarry range between 

17.53 ± 7.01 Gy (PSQ 8) and 103.89 ± 5.50 Gy (PSQ 10) for thl' IR-()SL measurements 

and between 29.44 ± 2.80 Gy (PSQ 9) and 103.20 ± (,.KH (;y (PS(J 11) for thl' 'l'L 

measurements (fable 6.1.2b). The equivalent doses for thl' sampk-s fr()m South of 

Power Station range between 25.31 ± 3.33 Gy (SOP 1) and S(d.! ± .1.:B (;y (S( >)> .~) for 

the IR-OSL measurements and between 25.97 ± 4.00 (;y (S( >P I) and 55.2H ± .~ .. 1.~ (;y 

(SOP 3) for the 1'L measurements (rable (,.1.2b). h)r thl' samples from Seashorl' Pmwr 

Station the equivalent doses range between :s K.50 ± I.()() (;y (SPS 7) and ·B.2() ± 2.()() 

Gy (SPS 2) for the IR-OSL measuremcnts and between 0.0 + 1.%/· (l.n (;y (SPS H) and 

32.63 ± 2.66 Gy (SPS 2) for the TL measurements (rable ().1.2b). 

From 44 obtained IR-OSL and TL equivalent doses of 24 sampks arc .~() l'lllli\'aknt 

doses in congruence with their margin of error or ncar agrceml'nt (hglll'l' ().\.2 c). This 

equals 75 % if one disregards the samples PSQ 2, PS(~ 5, PS(~ 7 and PS(~ H from \vhich 

only one equivalent dose could be obtained. Samples with IR·OS\' and TJ , doses arc not 

in agrecment within their margins of error arc PS(,,2 12, SPS 2, S»S .\ SPS 7 and SPS H 

(Figure 6.1.2c). Disregarding the samples with only one eyuivaknt dose it is distinctivl', 

that the determined IR-OSL mean e<]uivalent doses arc higher than the TJ, mean 

equivalent doses in most samples. Exccptions to that arc the sample »S(..2 (I, PS(..2 I I, 

PSQ 12, SOP 5 and SPS 6 where the IR-OSL mean eYllivaknt doses arl' lower than the 

TL mean e<]uivalent doses and sample SOP 1 and SOP 2 whal' both l'l)uivak'nt d()ses 

are congruent (Figure 6.1.2c). 

In Figure 6.1.2d the c<]uivalent doses of the samples from the section at the J ':ast \\'all at 

Hadera Power Station Quarry are shown in relation to their sample depth and in 

stratigraphical order. Generally the values of the elJui\'alent dosl's dl'o'l'ase from the 

bottom to the top. The obtained values for the sampks I>S(..2 4, PS(..2 5 and PS(J (I arc 

somewhat higher, which can most probably be linked to a higher el1\'ironml'nta) dose 

rates in the harnra and harnra/vertisol horizons of the section from which the sall1pks 

originate (cp. Table 3.2.2a). The c<]uivalent doses for the sampk's of the secti()n at thl' 

West-wall at Hadera Power Station Quarry increase with depth (hgure (1.1.2l'). hgllrl' 

6.1.2f shows the equivalent doses of the samples from the section at till' Nmth\\'all at 

South of Power Station in relation to their sample depth. (;el1erally the clJui\'aknt dusl's 
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from the top of the sequence are lower than from the bottom of the section. Only that 

the equivalent doses of the samples SOP 2, SOP 3 and SOP 4 are somewhat higher 

compared to the top or bottom ones. This possibly reflects high environmental dose 

rates in the weakly developed soils (SOP 3, SOP 4) and adjacent aeolianite (SOP 2). 

Similarily, the equivalent doses shown in rclation to their sample depth from a part of 

the section Seashore Power Station increase with depth (hgutl· 6.1.2g). 

Table 6.1.2b: IR-OSL and TL equivalent doses (De) of the samples from Hadera Power Station 
Quarry, South of Power Station, Seashore Power Station. Samples are not in 
stratigraphical order. 

Sample Depth (m) D. IR-OSL (Gy) De TL (Gy) Ratio D. IR-OSU 
D.TL 

PSQ 1 0.50 58.18 ± 4.21 54.68 ± 3.51 1.06 

PSQ2 0.75 ::;1 25.24 ± 5.61 2 

PSQ 3 3.05 35.75 ± 7.01 30.14 ± 6.31 1.19 

PSQ4 2.50 44.86 ± 4.91 39.26 ± 3.51 1.14 

PSQ5 2.10 39.26 ± 4.21 

PSQ6 1.55 35.75 ± 7.71 38.56 ± 7.71 0.93 

PSQ 7 1.00 18.93 ± 8.41 2 

PSQ8 0.50 17.53 ± 7.01 2 

PSQ9 0.25 33.65 ± 2.80 29.44 ± 2.80 1.14 

PSQ 10 0.55 103.89 ± 5.50 93.57 ± 6.19 1.11 

PSQ 11 0.85 101.14±6.19 103.20 ± 6.88 0.98 

PSQ 12 5.50 (34.35 ± 11.22)3 60.29 ± 4.21 

SOP 1 0.25 25.31 ± 3.33 25.97 ± 4.00 0.97 

SOP2 2.40 37.96 ± 2.66 37.96 ± 2.00 1.00 

SOP3 2.60 56.61 ± 3.33 55.28 ± 3.33 1.02 

SOP4 3.60 52.61 ± 4.00 46.62 ± 2.66 1.13 

SOP5 5.30 32.63 ± 4.00 35.30 ± 2.66 0.92 

SPS 1 0.50 37.30 ± 2.00 34.63 ± 1.33 1.08 

SPS 2 1.60 43.29 ± 2.00 32.63 ± 2.66 1.33 

SPS 3 0.20 ::;1 9.32 ± 1.33 2.66 ± 2.0 

SPS 5 1.20 36.62 ± 3.27 32.05 ± 2.62 1.14 

SPS6 0.80 20.93 ± 2.62 23.54 ± 3.27 0.89 

SPS 7 0.60 ::;18.50 ± 1.96 0.65 + 2.62/- 0.65 

SPS 8 0.25 ::;1 10.46 ± 1.96 0.0 + 1.96/- 0.0 

Sample SI'S 4 i" mi,;,;ing bl'caw;l' ir i" a pumicl' "ampk, nor a 11imilll'''t'l'lll'l' s,unpk. 
I HackgounJ not suiJrr,lctnl, bt·clUsl' naruralllll1linl'sCt'nl'l'/barkgl'<llllld ratio tOil low. 
cD, caicuiationnot po,;,;ibk. NarurallulI1inl'st'l'ncl' signal is not d,'ft'ctahk against thl' background noi",·. 
'I':vmrually partialll' bkached Juring sampling pron·ss. Difficulr to saml'k thft)lIgh aitl'rn'ltll!g h.lnl 'Illti le,,)s,' LII·lTS. 

142 



PSQ 1 
PSQ2 
PSQ3 
PSQ4 
PSQ5 
PSQ6 
PSQ7 
PSQ8 
PSQ9 

!12 PSQ 10 
C: PSQ 11 
ell PSQ 12 
c SOP1 
Q) SOP2 
c.. SOP3 
E SOP4 
ell SOP5 

CfJ SPS 1 
SPS2 
SPS3 
SPS5 
SPS6 
SPS7 
SPS8 

o 

I-~· -

f--. -II--j 

~ .--1 
~el. 1 

e ll 

20 

1-• • i 

Equivalent dose IR-OSL 
Equivalent dose TL 

40 60 80 

Equivalent dose (Gy) 

f • II 

H t .. 

100 120 

Figure 6.1.2c: Comparison of the IR-OSL and TL equivalent doses of the samples from the 
sections at Hadera Power Station Quarry, SOlith of Power Station a.nd Seashore Power 
Station. The samples and the equivalent doses shown are not ill stratigraphical order . 
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Neta'!Ya South Cliff, Wadi Netat!ya South 

The equivalent doses from the samples of the section Netanya South Cliff range 

between 74.21 ± 8.99 Gy (NET 5) (disregarding sample NET 15 in this instance with 

82.26 ± 21.72 Gy because of the large error) and 5.09 ± 0.15 (iy (NET 24) for the IR­

OSL measurements and between 68.28 ± 3.65 Gy (NET 1H) and 539 ± 0.30 (iy (NET 

22) for the TL measurements. The equivalent doses from the samples of the sections 

Wadi Netanya South range between65.97 ± 236 Gy (WNS 16) and 0.60 ± (l.60 Gy 

(WNS 14) for the IR-OSL measurements and between 64.20 ± 4.12 (iy (WNS 16) and 

0.0 + 0.59 (WNS 15) for the TL measurements (rable 6.1.2c). 

From 66 obtained equivalent doses of 35 samples of the Netanya South Cliff and Wadi 

Netanya South sections are 28 paired data sets of IR-OSL and TL l'(luivaknt ooses in 

congruence within their margin of error for the particular samples, which equals HO 00 

(Figure 6.1.2g). Exceptions, where the determined IR-OSL and '1'1. equivalent doses for 

anyone sample are not in agreement within the margins of errors, arc the sampks NEI' 

3, NET 15, NET 19, NET 20, NET 21 and NET 21. The IR-OSL mean equivalent 

doses arc tendentially higher than the '1'1, mean equivalent doses for a number of 

samples. Exceptions arc the samples NET 4, NEt' 12, NET n where the IR-OSL 

mean equivalent doses arc lower than the '1'L equivalent doses and the samples NEt' 11, 

NET 24, WNS 10, WNS 11, WNS 12, WNS 1\ WNS 14 and WNS 15 where both 

equivalent doses are equal (Figure 6.1.2h). 

In hgure 6.1.2h the equivalent doses obtained from the sampks of the Netanya South 

Cliff section are shown in relation to their sample depth. The values of the e(]uiyalent 

doses are clearly devided into two clusters. For the samples NET 1 to NET 4 and N FT 

7 to NET 18 the values range lirm between 40 - 70 Gy, that is disregarding the IR-OSL 

equiyalent doses of the samples NET 3 and NET 15 which seem overestimated. hlr the 

samples NET 19 to NET 24 the values of the equivalent doses range between 5 - 20 

Gy and increase with depth (Figure 6.1.2h). The values of the equinknt ooses from the 

samples of the Wadi Netanya South increase clearly from the top towards the bottom of 

the sections (Figures 6.1.2j and 6.1.2k). 
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Table 6.1.2c: IR-OSL and TL equivalent doses (Dc) of the samples from Netanya South Cliff and 
Wadi Netanya South. Samples are not in stratigraphical order. 

Sample Depth (m) D. IR-OSL (Gy) De TL (Gy) Ratio De IR·OSU 
D. TL 

NET 1 35.10 66.15 ± 8.13 56.74 ± 5.39 1.17 

NET2 34.30 61.98±4.18 57.50 ± 1.75 1.08 

NET 3 33.30 84.08 ± 13.75 55.29 ± 6.08 1.52 

NET4 32.70 62.89 ± 4.48 67.29 ± 5.54 0.93 

NET5 14.50 74.21 ± 8.66 61.07 ± 4.48 1.22 

NET6 12.00 60.23 ± 7.37 57.65 ± 5.39 1.04 

NET 7 31.80 49.29 ± 6.38 39.19 ± 5.09 1.26 

NET8 29.40 62.51 ± 5.77 53.01 ± 5.77 1.18 

NET 9 27.10 63.91 ± 10.89 53.92 ± 9.55 1.19 

NET10 25.70 66.22 ± 6.12 64.43 ± 5.97 1.03 

NET 11 24.30 45.04 ± 3.95 45.57 ± 4.03 0.99 

NET 12 22.80 47.39 ± 7.44 48.38 ± 4.63 0.98 

NET 13 22.30 54.38 ± 6.08 63.50 ± 8.73 0.86 

NET 14 21.60 55.29 ± 7.37 49.90 ± 6.00 1.10 

NET 15 20.50 82.26 ± 21.72 54.69 ± 3.19 1.50 

NET 16 16.00 53.62 ± 9.19 45.04 ± 7.14 1.19 

NET 17 11.00 54.91 ± 6.23 51.88 ± 7.60 1.06 

NET18 7.80 68.66 ± 6.08 68.28 ± 3.65 1.01 

NET 19 6.60 18.94 ± 1.72 13.20 ± 1.27 1.43 

NET 20 4.60 18.20 ± 3.88 11.71 ± 1.64 1.57 

NET 21 4.10 15.34 ± 1.14 8.51 ± 0.53 1.80 

NET 22 1.30 6.81 ± 0.30 5.39 ± 0.30 1.26 

NET 23 0.90 12.08 ± 0.53 6.84 ± 0.23 1.77 

NET 24 0.10 5.09 ± 0.15 5.B5 ± 0.38 0.B7 

WNS 10 3.20 5.98±1.79 5.38 ± 1.20 1.11 

WNS 11 2.55 3.59 ± 1.20 3.59 ± 1.20 1.00 

WNS 12 2.00 4.19±1.20 

WNS 13 1.60 1.79 ± 0.60 2.39 ± 0.60 0.75 

WNS 14 1.15 0.60 ± 0.60 1.20 ± 1.20 0.50 

WNS 15 0.70 
2 

0.0 ± 0.59 

WNS 16 6.00 65.97 ± 2.36 64.20 ± 4.12 1.03 

WNS 17 4.75 50.07 ± 1.77 45.94 ± 2.36 1.09 

WNS 18 4.25 33.32 ± 1.19 32.13±1.19 1.04 

WNS 19 3.65 19.04±1.19 17.85 ± 1.79 1.06 

WNS20 3.00 
3 

I I), calculation not po~~iblc. Signal intensity too low which resultl'd in scattl'r. 
e I)' LlkuLtti()n not p,,,;sible. \;aturalillminl"~cencc/backgf()utld rati() t()O small. 
\ I)' calculati()n not possible. ~() signal increase responding t() d()st" (satuLlti()II;). 
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Figure 6.1.2g: Comp arison of the IR-OSL and TL equivalent doses of dIe samples from the 
sections at N etanya South Cliff and at Wadi N etanya South. The samples and equivalent 
doses shown are not in stratigraphical order. 
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Fig ure 6.1.2h: Equi valent doses of the samples from the section at dIe Netanya South Cliff in 
relation to their sample depth. 
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Figure 6.1.2i: Equivalent doses of the samples from the Ivestern section at the Wadi Netal1ya 
South in relation to their sample depdJ. 
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Figure 6.1.2j: Equivalent doses of the samples from the eastern section at the Wadi Netanya 
South in relation to their sample depth. 
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6.2 RF measurements 

From the samples from the section at the East-wall at Habonim Quarry and the section 

at the Netanya South Cliff radio fluorescence spectra were recorded and the IR-RF 

equivalent doses of several samples determined. 

6.2.1 Radiofluorescence spectra 

The recorded radio fluorescence spectra showed compared to other samples observed by 

Trautmann and Erfurt very strong peaks in the red (t'tJ. 720 nm, 1.72 eV). An example 

from the sample NET 1 is shown below (Figure 6.2.1). For the measurement of the IR­

RF equivalent doses various ftlters were tested, separating the infrared peak at 1.42 eV 

from the tail of the strong red peak at 1.72 eV (cp. Chapter 5.4.2). For the final 

measurements, obtaining the equivalent doses, a fluorescence detection ftlter 

(CHROMA TECHNOLOGY HQ865/20M) was used to separate the infrared peak at 

1.42 eV (cp. ERFURT ct al. 2003). 

2.0 

1.5-

.~ 
C 
::J 

..a 
~ 

1.0 
r\S --rl. 
9 

0.5 

j , 

1.5 

I'll:. 11 spf!ctfllm 
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1.441 AV 

1.72 aV 

~.10 cV 
2.BB ~V 
4.32 eV 

3.5 4.0 

Figure 6.2.1: Radiofluorescence spectrum recorded fr0111 sample NET 1 after several hours. The 
spectrum shows a strong peak in the red at 1. 72 e V. 
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6.2.2 IR-RF equivalent doses 

The IR-RF equivalent doses obtained from samples of the Netanya South Cliff and the 

samples from the section at the East-wall at Habonim Quarry differed from the 

equivalent doses obtained with IR-OSL and TL from the same samples. The use of 

different filters for the IR-RF measurements (cp. Chapter 5.4.2) did not made a 

significant difference. Examples of IR-RF equivalent doses obtained with the IRSAR 

protocol from samples of the section at the East-wall at Habonim Quarry (J-IAB 4 to 

HAB 13) show that in general they are considerably higher than the IR-OSL and TL 

equivalent doses obtained of the same samples (Figure 6.2.2). This can have various 

reasons and is discussed in Chapter 7.1.3. 
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Q) HAS 8 

~ HAB? 
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c?5 HAB4 
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• TL 
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. 1 "'. -1 f!:J.~ .1 I . ~ r-!:J.- I 

r~ 1-!:J.-1 
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Figure 6.2.2: Equivalent doses of the samples trom Habonim Quarry determined with IR-OSL, 
TL and IR-RF in comparison. 
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6.3 Dosimetry 

The internal and external environmental dose received and the potential energy stored 

during burial by the dosimeter used for dating determines the relative intensity measured 

of the natural luminescence signal for each sample. The subchapter presents the 

dosimetric results of the study. 

6.3.1 Gamma spectrometry 

Habonim Quany, Dor-Habonim Nature ReJenle A1idd/e Rir{~e. Dor-J--Iabollim 

Nature Reseroe Coast 

In Table 6.3.1a the results from the gamma spectrometry for the 2,HUranium decay chain 

with the peaks measured at different energies from the isotopes 22('Ra, 21.lpb and 214Bi arc 

shown for the samples of Haborum Quarry, Dor-Habonim Nature Reserve Middle 

Ridge and Dor-Habonim Nature Reserve Coast. The concentrations from the single 

peaks range between 0.51 ± 0.08 ppm (HDK, 22('Ra at 1H(d) keY) and 1.35 ± 0.05 (I lAB 

3, 214Bi at 1120.3 keY) for different samples. Overall the concl'ntrations detl'rmined for 

the single peaks are in rclatiyely good agreement for anyone sample and no major 

differences can be observed. For 8 samples (HAB 3, HAB 4, HAB 5, 11.\13 G, ~L\B 11, 

HAB 14, HAB-II-4, HDM) the mean results vary less than 10 °'0 00west concentration 

in % from the highest). For 11 samples (HAB 1, HAB 2, HAB 7, HAB H, HAB 9, IL\B 

10, HAB 12, HAB 16, HAB-II-i, HAB-II-5, Hi\B-II-G) the concentrations \'ary less 

than 20 %. Only the sample HDC builds an exception where the lowest concentration 

(22('Ra at 186.0 ke V) yaries from the highest measured concentration more than 20 °'0. 

Table 6.3.1 b gives the results from the gamma spectrometry for the 2'l2Thorium decay 

chain with the peaks measured at different energies from the isotopes 22H.\C, 212Pb, 212Hi 

and 211~T The concentrations range between 0.14 ± 0.07 ppm (H.\B 1, 212Bi at 727.3 

kc V) and 6.42 ± 0.34 ppm (HAB 10, 212Pb at 300.1 ke V) for different samples. The 

,-ariations in the concentrations of the Z,Z,rhorium decay chain for the indi\'idual samples 

is significantly higher compared to the ",xl'ranium decay chain. I"<)r 6 samples (H.\B 6, 

HAB 7, HAB 8, HAB 9, HAB 10, HAB 11) the concentrations of the measured 

isotopes of the 21Z,rhorium decay chain vary less than 10 (~/o and from 4 samples (H:\ B 5, 

H.\B 12, H:\B-II-S, HDM) less than 20 OiO for the indi"idual sampks. The measured 
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concentrations from 8 samples (HAB 2, HAB 3, HAB 4, HAB 14, H;\B 1(;, fL\B-II-4, 

HAB-II-9, HDC) vary up to 40 % for the individual sample. I·:xceptions from the above 

are the samples HAB 1 and HAB-II-1 whose concentrations for the single peaks vary so 

strongly that differences of up to 80 % (HAB 1) from the highest measured 

concentration can be observed. 

In Table 6.3.1 c are the Potassium concentrations measured with the gamma 

spectrometry presented. The concentrations range betwecn 0.09 ± 0.01 (~/o (IIAB-II-1) 

and 0.98 ± 0.01 % (HAB 9). 

From the 238Cranium and 212Thorium concentrations mcasurcd of the single pcaks thc 

arithmetic mean was calculated and for all conccntrations (Uranium, Thorium and 

Potassium) an error of 7 % was assumed. Thc results are givcn in Tablc 6.3.1 d. 

The uranium content of the samples ranges betwccn 0.54 ± (1.04 ppm (J IAB-II-9) and 

1.28 ± 0.09 ppm (HAB 11). A dcpendence, whether the sample is from an acoJianite or 

a soil can not be observed. 

The thorium contents of the samples range betwecn 0.43 ± 0.03 ppm (1-1 A B 1) and 1.16 

± 0.08 ppm (HAB 4) for the aeolianites and betwccn 3.22 ± 0.23 ppm (HAB 5) and 6.13 

± 0.43 ppm (HAB 10) for the soils. The soils contain clearly highcr thorium contents 

than the aeolianites and at Habonim Quarry I ':ast-wall it can bc obscn'cd that thc 

thorium concentrations decrease towards thc bottom of thc scction (hgun.· 6.3.1 a). 

The potassium contents range betwcen 0.09 ± O.()1 (~) (HAB-II-I) and 0.45 ± 0.03 0;') 

(HAB 16) for the aeolianites and between 0.64 ± 0.04 (Yo (HAB 5) ami O.9H ± 0.07 0/0 

(HAB 9) for the soil horizons. The potassium contents of thc soils arc somcwhat highcr 

than those of the aeolianites. 
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Table 6.3.1a: Equivalent 238Uranium contents from isotope concentrations of the 238Uranium decay chain for samples of the sections Habonim Quarry, Dor­
Habonim Nature Reserve Middle Ridge and Dor-Habonim Nature Reserve Coast determined with gamma spectrometry. 

Sample 

HAB 1 

HAB2 

HAB3 

HAB4 

HAB5 

HAB6 

HAB7 

HAB8 

HAB9 

HAB10 

HAB 11 

HAB12 

HAB13 

HAB14 

HAB15 

HAB16 

HAB-II-1 

HAB-II-4 

HAB-II-5 

HAB-II-6 

HOM 
HOC 

Equivalent Z38iJianium-- Equivalent zauUranium --Equivalent Za8UraniumEquivaient-zalJUranium Equivalent 2a8Uranium 
(ppmt (ppmt (ppmt (ppmt (ppmt 
from 26Ra at 186.0 keY from 14Pb at 295.2 keY from 14Pb at 351.9 keY from 14Bi at 609.3 keY from 14Bi at 1120.3 keY 

1.10 ± 0.05 1.23 ± 0.04 1.30 ± 0.02 1.33 ± 0.02 1.28 ± 0.05 

1.03 ± 0.05 1.14±0.04 1.17 ± 0.02 1.18 ± 0.02 1.24 ± 0.05 

1.26 ± 0.05 1.28 ± 0.04 1.35 ± 0.02 1.33 ± 0.02 1.35 ± 0.05 

0.57 ± 0.04 0.54 ± 0.03 0.55 ± 0.01 0.57 ± 0.01 0.59 ± 0.06 

0.80 ± 0.08 0.76 ± 0.03 0.74 ± 0.03 0.76 ± 0.02 0.80 ± 0.05 

0.94 ± 0.06 0.87 ± 0.05 0.92 ± 0.02 0.94 ± 0.02 0.96 ± 0.05 

1.02 ± 0.05 0.89 ± 0.04 0.84 ± 0.02 0.87 ± 0.02 0.88 ± 0.06 

1.27 ± 0.07 1.04 ± 0.04 1.04 ± 0.03 1.12±0.02 1.09 ± 0.06 

1.24 ± 0.07 1.07 ± 0.03 1.06 ± 0.02 1.02 ± 0.02 1.10 ± 0.06 

1.26 ± 0.06 1.04 ± 0.04 1.06 ± 0.03 1.07 ± 0.03 1.03 ± 0.06 

1.31 ± 0.07 1.21 ± 0.04 1.25 ± 0.02 1.30 ± 0.02 1.31 ± 0.06 

1.32 ± 0.06 1.14 ± 0.04 1.14 ± 0.02 1.10±0.03 1.30 ± 0.06 

1.27±0.10 1.18 ± 0.04 1.29 ± 0.04 1.23 ± 0.02 1.22 ± 0.05 

0.68 ± 0.04 0.80 ± 0.03 0.84 ± 0.02 0.81 ± 0.02 0.83 ± 0.05 

0.91 ± 0.05 1.07 ± 0.03 1.00 ± 0.02 1.08 ± 0.02 1.10 ± 0.05 

1.00 ± 0.09 1.01 ± 0.03 1.00 ± 0.01 1.05 ± 0.02 1.05 ± 0.05 

0.96 ± 0.07 0.78 ± 0.04 0.86 ± 0.02 0.85 ±0.03 0.93 ±0.06 

0.56 ± 0.04 0.52 ± 0.03 0.50 ± 0.01 0.52 ± 0.01 0.58 ± 0.05 

0.74 ± 0.07 0.71 ± 0.04 0.77 ± 0.01 0.73 ± 0.01 0.74 ± 0.04 

0.51 ± 0.08 0.64 ± 0.03 0.69 ± 0.02 0.72 ± 0.02 0.74 ± 0.04 
IThe \·alue,; (,f rhe ,;ample,; J L \H 13 and II. \H J:; could nor be dercrmincd a, rhe ,;ample,; went mi,;,;ing during shipping Tht: age; of rh ... ,c ,;amples werc calculated u,;ing 
rhl' \'alue,; of ,;ample I L\H 12. 
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Table 6.3.1b: Equivalent 2J2Thorium contents from isotope concentrations of the 2J2Thorium decay chain for samples of the sections Habonim Quarry, Dor-
Habonim Nature Reserve Middle Ridge and Dor-Habonim Nature Reserve Coast determined with gamma spectrometry. 

Sample E~uivalent E~uivalent E~uivalent E~uivalent E~uivalent E~uivalent E~uivalent 
23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 2 Thorium (ppm) 
from 212Pb at from 212Pb at from 228 Ac at from 2°~1 at 583.2 from 212Bi at from 228 Ac at from 208TI at 
238.6 keY 300.1 keY 338.3 keY keY 727.3 keY 911.1 keY 2614.5 keY 

HAB 1 0.41 ±0.02 0.30±0.18 0.50 ± 0.10 0.48 ± 0.03 0.14 ± 0.07 0.67 ± 0.05 0.54 ± 0.02 
HAB2 0.62 ± 0.03 1.01±0.17 0.71 ± 0.11 0.66± 0.07 0.79 ± 0.16 0.78 ± 0.05 0.71 ± 0.03 
HAB 3 0.46 ± 0.02 0.42 ± 0.20 0.49 ± 0.10 0.47 ± 0.04 0.69± 0.20 0.51 ± 0.04 0.54 ±0.02 
HAB4 1.13 ± 0.04 1.21±0.12 1.16 ± 0.10 1.18 ± 0.05 0.95 ± 0.12 1.19 ± 0.06 1.28 ± 0.05 

HAB5 3.08 ± 0.07 3.22 ± 0.19 3.20 ± 0.22 3.02 ± 0.07 3.25 ± 0.23 3.31 ± 0.09 3.45 ± 0.09 

HAB6 4.04 ± 0.08 4.08 ± 0.31 4.21 ± 0.24 4.18 ± 0.08 4.67 ± 0.26 4.03 ± 0.14 4.06 ± 0.10 

HAB 7 4.47 ± 0.09 4.79 ± 0.32 4.60 ± 0.15 4.48 ± 0.08 4.22 ± 0.25 4.60 ± 0.14 4.34 ± 0.10 

HAB8 5.61 ± 0.13 5.58 ± 0.32 5.70 ± 0.25 5.69± 0.09 5.70 ± 0.29 5.64 ± 0.11 5.67 ± 0.12 

HAB9 6.01 ± 0.11 6.26 ± 0.28 6.08 ± 0.26 6.09±0.10 6.14 ± 0.29 6.14 ± 0.12 6.13 ± 0.13 

HAB10 5.85 ± 0.13 6.42 ± 0.34 6.35 ± 0.33 6.02 ± 0.10 6.05± 0.38 6.11 ±0.16 6.12±0.13 

HAB 11 5.90±0.12 6.06 ± 0.38 6.22 ± 0.16 6.03 ± 0.10 5.91 ± 0.28 5.81 ±0.16 6.13±0.13 

HAB12 5.31±0.11 4.89 ± 0.27 5.32 ± 0.27 5.28 ± 0.09 5.02 ± 0.26 5.68 ± 0.19 5.64 ± 0.12 

HAB13 

HAB14 0.55 ± 0.03 0.62 ± 0.14 0.80 ± 0.09 0.63 ± 0.04 0.73 ± 0.14 0.53 ± 0.05 0.69 ± 0.03 

HAB15 

HAB16 0.94 ± 0.03 1.29±0.18 1.12±0.15 1.01 ± 0.05 1.03 ± 0.15 1.02 ± 0.06 1.12±0.04 

HAB-II-1 0.37 ± 0.02 0.85 ± 0.19 0.38 ± 0.10 0.33 ± 0.03 0.53 ± 0.13 0.52 ± 0.04 0.51 ± 0.02 

HAB-II-4 0.44 ± 0.02 0.57 ± 0.14 0.57 ± 0.12 0.56 ± 0.04 0.65 ± 0.13 0.59 ±0.04 0.61 ± 0.03 

HAB-II-5 4.63 ± 0.11 4.13 ± 0.34 4.94 ± 0.17 4.56 ± 0.10 4.79 ± 0.31 4.62 ± 0.12 5.01±0.13 

HAB-II-9 0.43 ± 0.02 0.52 ± 0.12 0.46 ± 0.08 0.44 ± 0.03 0.52 ± 0.11 0.68 ± 0.05 0.51 ± 0.02 

HDM 0.69 ± 0.03 0.81 ± 0.14 0.82 ± 0.10 0.75± 0.04 0.78±0.13 0.74 ± 0.05 0.80 ± 0.03 

HDC 0.70 ± 0.03 1.05 ± 0.15 0.64 ± 0.14 0.79± 0.04 0.70±0.13 0.81 ± 0.06 0.73 ± 0.03 
lThe \'alues of the sample,; II. \ H 13 and II. \ HIS could not be determined as the ,;ampks went mis,;ing during ,;hipping. The age" of the"e ,ampk,; wefe calculated using the value, of sample 
IL\H l~. 
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Table 6.3.1c: Potassium concentrations of the samples of the sections Habonim Quarry, Dor-Habonim Nature Reserve Middle Ridge and Dor-Habonim Nature 
Reserve Coast determined with gamma spectrometry. 

Sample 

HAB 1 

HAB2 

HAB 3 

HAB4 

HAB5 

HAB6 

HAB 7 

HAB8 

HAB9 

HAB10 

HAB 11 

HAB12 

HAB13 

HAB 14 

HAB15 

HAB16 

HAB-II-1 

HAB-II-4 

HAB-II-5 

HAB-II-9 

HOM 
HOC 

K (%) detennined over the concentration of 40K at 1460 keV 

0.14 ± 0.01 

0.14 ± 0.01 

0.14 ± 0.01 

0.34 ± 0.01 

0.64 ± 0.01 

0.77 ± 0.01 

0.84 ± 0.01 

0.94 ± 0.01 

0.98 ± 0.01 

0.94 ± 0.01 

0.89 ± 0.01 

0.81 ± 0.01 

0.18 ± 0.01 

0.45 ± 0.01 

0.09 ± 0.01 

0.11 ± 0.01 

0.73 ± 0.01 

0.23 ± 0.01 

0.16 ± 0.01 

0.30 ± 0.01 
'The value,; of the ,ample, I L \H 13 amI II.\H 1:; could not be determined a, the ,ample, went mi,;,ing during ,hipping. The ages of these ,ample, were calculated using the values of sample 
II.\H 12. 
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Table 6.3.1d: Concentrations Uranium, Thorium and Potassium of the samples ofthe sections Habonim Quarry, Dor-Habonim Nature Reserve Middle Ridge and 
Dor-Habonim Nature Reserve Coast determined with gamma spectrometry. 

Sample Uranium (ppm) Thorium (ppm) Potassium (%) 

HAB 1 1.25 ± 0.09 0.43 ± 0.03 0.14 ± 0.01 

HAB2 1.15±0.OB 0.75 ± 0.05 0.14 ± 0.01 

HAB3 1.31 ± 0.09 0.51 ± 0.04 0.14 ± 0.01 

HAB4 0.56 ± 0.04 1.16±0.OB 0.34 ± 0.02 

HAB5 0.77 ± 0.05 3.22 ± 0.23 0.64 ± 0.04 

HAB6 0.93 ± 0.06 4.1B ± 0.29 0.77 ± 0.05 

HAB7 0.90 ± 0.06 4.50 ± 0.32 0.B4 ± 0.06 

HABB 1.11 ± O.OB 5.66 ± 0.40 0.94 ± 0.07 

HAB9 1.10 ± O.OB 6.12±0.43 0.98 ± 0.07 

HAB10 1.09 ± 0.08 6.13 ± 0.43 0.94 ± 0.07 

HAB 11 1.28 ± 0.09 6.01 ± 0.42 0.B9 ± 0.06 

HAB12 1.20 ± 0.08 5.31 ± 0.37 0.81 ± 0.06 

HAB13 

HAB14 1.24 ± 0.09 0.65 ± 0.46 0.18 ± 0.01 

HAB15 

HAB16 0.79 ± 0.06 1.08 ± 0.08 0.45 ± 0.03 

HAB-I/-1 1.03 ± 0.07 0.50 ± 0.03 0.09 ± 0.01 

HAB-II-4 1.02 ± 0.07 0.57 ± 0.04 0.11 ± 0.01 

HAB-I/-5 0.88 ± 0.06 4.67 ± 0.33 0.73 ± 0.05 

HAB-I/-9 0.54 ± 0.04 0.51 ± 0.04 0.23 ± 0.02 

HDM 0.74 ± 0.05 0.77 ± 0.05 0.16 ± 0.Q1 

HDC 0.66 ± 0.05 0.77 ± 0.05 0.30 ± 0.02 
lThe \·alue:, of the ,ample, I L\B 13 and II.\B 1:; could not be detc-nuined a, the ,ample,; went mi""ing during shirping. The age:, of thc,;c ,ample, wcre calculated u,ing the \"alue, of sample 

II \H 12. 
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Figure 6.3.1a: Uranium, Thorium and Potassium concentratiolls of the samples from the section 
at Habonim Quarry East-wall 
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Hadera Power Station Qllarry, S ollth rif Power S fation and Seashore Power S fation 

Table 6.3.1e presents the results from the gamma spectromctry for thl' 21xl1ranium decay 

chain for the samples taken from Hadera Powcr Station Quarry, South of Power Station 

and Seashore Power Station. The concentrations dctcrmincd ovcr the single peaks range 

from 0.24 ± 0.02 ppm (SPS 7, 214Pb at 295.2 keY) and 0.24 ± 0.03 ppm (SPS 7, 214Bi at 

1120.3 keY) to 1.26 ± 0.10 ppm (PSQ 6, U('Ra at lH6.0 keV) for various samples. The 

concentrations determined over the singlc pcaks vary at Hadera Powcr Station (~uarry, 

South of Power Station and Seashore Power Station morc than at Habonim (~uarry and 

the western sections. Only for SOP 1 and SPS 5 vary the conccntrations detcrmined 

over the single peaks less than 10 (Vo (highcst concentration cquals 100 0/0). h)r 4 

samples (PSQ 6, PSQ 10, PSQ 12, SPS 1) from overall 15 samples the concentrations 

vary less than 20 %. For all other samples the conccntrations vary up to 41 On (SPS 7) 

for anyone sample. The results of the 212Thorium concentrations determined for the 

samples of Hadera Power Station Quarry, South of Power Station and Seashofl' Power 

Station are given in Table 6.3.1f. The conccntrations rangc bctwccn 0,47 ± 0.02 ppm 

(SPS 7, 2I2Pb at 238.6 keY) and 5.18 ± 0.13 ppm (PSQ 7, 211H'r\ at 2614.5 keY). ror 2 

samples (PSQ 5, PSQ 6) the concentrations of the single peaks vary less than 1 () % and 

for further 2 samples (PSQ 4, PSQ 7) the concentrations vary less than 20 (~!(). hlr all 

other samples the concentrations vary more than 20 % and up to 50 0/
0 for sample SPS 

7. The results for the Potassium conccntrations dctermined with thc gamma 

spectrometry are given in Table 6..3.1g. The conccntrations rangc betwccn 0.27 ± (l,() 1 

% (PSQ 2) and 0.53 ± 0.01 % (PSQ 4). 

The results of the arithmetic means of the single l :ranium and Thorium concentrations 

for anyone sample and the Potassium conccntrations arc given in Table (l .. 1.1 h. hom 

the samples of Hadera Power Station Quarry, South of Power Station and the scction 

Seashore Power Station the Cranium concentrations rangc between 0.29 ± 0.02 ppm 

(PSQ 2, SPS 7) and 1.11 ± n.OH ppm (PSQ 6). Thc Thorium concentrations range 

between 0.69 ± 0.05 ppm (SPS 7, SPS 8) and 4.79 ± 0.34 ppm (PSQ 7) and the 

Potassium concentrations between 0.27 ± 0.02 0/
0 (PS(~ 2) and 0.53 ± 0.04 ° 0 (PS(~ 4). 

For the section at the East-wall of Hadera Powcr Station (~uarry it can be obselTed that 

the Cranium and Potassium concentrations arc relatively uniform whik the Thorium 

concentrations decrease with sample depth (hgure (d. I b). 
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Table 6.3.1e: Equivalent 238Uranium content from isotope concentrations ofthe 238Uranium decay chain for samples of the sections Hadera Power Station Quarry, 
South of Power Station and Seashore Power Station determined with gamma spectrometry. 

Sample Equivalent 238Uranium Equivalent 238Uranium Equivalent 238Uranium Equivalent 238Uranium Equivalent 238Uranium 
(ppm) (ppm) from (ppm) from (ppm) from (ppm) from 
from 226Ra at 186.0 keY 214Pb at 295.2 keY 214Pb at 351.9 keY 214Bi at 609.3 keY 214Bi at 1120.3 keY 

PSQ 1 

PSQ2 0.34 ± 0.03 0.26 ± 0.02 0.28 ± 0.02 0.29 ± 0.01 0.29 ± 0.03 

PSQ 3 0.79 ± 0.05 0.52 ± 0.03 0.55 ± 0.01 0.57 ± 0.01 0.55 ± 0.04 

PSQ4 0.88 ± 0.05 0.71 ± 0.03 0.74 ± 0.01 0.74 ± 0.02 0.65 ± 0.04 

PSQ 5 1.02 ± 0.06 0.78 ± 0.03 0.84 ± 0.02 0.79 ± 0.02 0.85 ± 0.05 

PSQ6 1.26 ± 0.10 1.07 ± 0.04 1.08 ± 0.02 1.08 ± 0.02 1.07 ± 0.05 

PSQ 7 1.33 ± 0.12 1.03 ± 0.04 1.03 ± 0.02 1.05 ± 0.02 1.07 ± 0.06 

PSQ8 

PSQ9 

PSQ 10 0.47 ± 0.04 0.42 ± 0.03 0.48 ± 0.01 0.46 ± 0.02 0.45 ± 0.05 

PSQ 11 

PSQ 12 0.61 ± 0.04 0.50 ± 0.03 0.51 ± 0.01 0.51 ± 0.01 0.58 ± 0.04 

SOP 1 0.37 ± 0.03 0.37 ± 0.02 0.36 ± 0.01 0.38 ± 0.01 0.36 ± 0.03 

SOP2 

SOP3 0.39 ± 0.04 0.28 ± 0.02 0.34 ± 0.01 0.36 ± 0.01 0.27 ± 0.03 

SOP4 0.38 ± 0.05 0.28 ± 0.02 0.30 ± 0.01 0.31 ± 0.01 0.34 ± 0.04 

SOPS 

SPS 1 0.37 ± 0.05 0.34 ± 0.03 0.35 ± 0.01 0.36 ± 0.01 0.30 ± 0.04 

SPS2 

SPS 3 

SPS5 0.73 ± 0.05 0.69 ± 0.03 0.71 ± 0.01 0.72 ± 0.02 0.69 ± 0.04 

SPS6 

SPS7 0.41 ±0.03 0.24 ± 0.02 0.27 ± 0.01 0.27 ± 0.01 0.24 ± 0.03 

SPS8 0.39 ± 0.05 0.26 ± 0.02 0.27 ± 0.01 0.30 ± 0.01 0.34 ± 0.03 
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Table 6.3.1f: Equivalent 232Thorium contents from isotope concentrations of the 232Thorium decay chain for samples of the sections Hadera Power Station Quarry, 
South of Power Station and Seashore Power Station determined with gamma spectrometry. 

Sample E2uivalent E2uivalent E2uivalent E2uivalent E2uivalent E2uivalent E2uivalent 
23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 
from 212Pb at from 212Pb at from 228 Ac at from 208TI at 583.2 from 212Bi at from 228 Ac at from 208TI at 
238.6 keV 300.1 keV 338.3 keV keV 727.3 keV 911.1 keV 2614.5 keV 

PSQ 1 

PSQ2 0.59 ± 0.03 0.97 ± 0.17 0.62 ± 0.06 0.66 ± 0.04 0.73±0.13 0.64 ± 0.07 0.76 ± 0.03 

PSQ 3 2.29 ± 0.05 2.08 ± 0.29 2.31 ± 0.12 2.31 ± 0.06 2.64 ± 0.21 2.30 ± 0.08 2.29 ± 0.07 

PSQ4 3.07 ± 0.07 2.82 ± 0.19 2.82 ± 0.22 3.23 ± 0.07 3.48 ± 0.23 3.20 ± 0.09 3.03 ±0.08 

PSQ 5 3.77 ± 0.08 3.80 ± 0.29 3.77 ± 0.24 3.87 ± 0.07 4.10 ± 0.24 3.84±0.10 3.77 ± 0.09 

PSQ6 4.55 ± 0.11 4.39 ± 0.26 4.57 ± 0.24 4.54 ± 0.11 4.57 ± 0.23 4.68 ± 0.10 4.64 ± 0.11 

PSQ7 4.70±0.10 4.73 ± 0.24 4.70±0.17 4.51 ± 0.09 4.85 ± 0.30 4.84 ± 0.18 5.18±0.13 

PSQ 8 

PSQ9 

PSQ 10 0.78 ± 0.03 0.71 ± 0.23 0.80 ± 0.16 0.71 ± 0.04 0.79 ± 0.14 0.84 ±0.05 0.92 ± 0.04 

PSQ 11 

PSQ 12 0.74 ± 0.03 0.91 ± 0.14 0.83 ± 0.10 0.74 ± 0.04 0.71 ± 0.13 0.83 ±0.05 0.87 ± 0.04 

SOP 1 0.85 ± 0.02 1.39 ± 0.16 0.82 ± 0.08 0.97 ± 0.04 0.74±0.13 0.96 ± 0.05 1.01 ± 0.04 

SOP2 

SOP3 0.73 ± 0.03 0.93 ± 0.14 0.83± 0.09 0.89 ± 0.06 0.78 ± 0.14 0.77 ± 0.05 0.85 ± 0.04 

SOP4 0.54 ± 0.02 0.91 ± 0.12 0.84± 0.08 0.77 ± 0.04 0.75 ± 0.14 0.90 ± 0.05 0.79 ± 0.03 

SOPS 

SPS 1 0.82 ± 0.03 1.12±0.14 1.10±0.10 0.84 ± 0.04 0.95 ± 0.15 0.94 ± 0.05 0.98 ± 0.04 

SPS2 

SPS3 

SPS5 2.35 ± 0.06 2.26 ± 0.19 3.09±0.25 2.46 ± 0.06 2.57 ± 0.20 2.40 ± 0.08 2.43 ± 0.07 

SPS6 

SPS 7 0.47 ± 0.02 0.71 ± 0.12 0.72 ± 0.09 0.62 ± 0.04 0.94 ± 0.13 0.68 ± 0.05 0.72 ± 0.03 

SPS8 0.58 ± 0.02 0.82 ± 0.20 0.51 ± 0.09 0.65 ± 0.03 0.81 ± 0.13 0.85 ± 0.05 0.63 ± 0.03 
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Table 6.3.1g: Potassium concentrations of the samples of the sections Hadera Power Station Quarry, South of Power Station and Seashore Power Station 
determined with gamma spectrometry. 

Sample 

PSQ 1 

PSQ2 

PSQ 3 

PSQ4 

PSQ 5 

PSQ6 

PSQ 7 

PSQ8 

PSQ9 

PSQ 10 

PSQ 11 

PSQ 12 

SOP 1 

SOP2 

SOP3 

SOP4 

SOP5 

SPS 1 

SPS2 

SPS3 

SPS5 

SPS6 

SPS7 

SPS8 

K (%) determined over the concentration of 40K at 1460 keV 

0.27 ± 0.01 

0.45 ± 0.01 

0.53 ± 0.01 

0.49 ± 0.01 

0.50 ± 0.01 

0.51 ± 0.01 

0.30 ± 0.01 

0.30 ± 0.01 

0.31 ± 0.01 

0.36 ± 0.01 

0.35 ± 0.01 

0.35 ± 0.01 

0.51 ± 0.01 

0.33 ± 0.01 

0.31 ± 0.01 
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Table 6.3.1h: Concentrations Uranium, Thorium and Potassium of the samples of the sections Hadera Power Station Quarry, South of Power Station and Seashore 
Power Station determined with gamma spectrometry. 

Sample 

PSQ 1 

PSQ2 

PSQ3 

PSQ4 

PSQ5 

PSQ6 

PSQ7 

PSQ8 

PSQ9 

PSQ 10 

PSQ 11 

PSQ 12 

SOP 1 

SOP2 

SOP3 

SOP4 

SOP5 

SPS 1 

SPS2 

SPS 3 

SPS 5 

SPS6 

SPS 7 

SPS8 

Uranium (ppm) 

0.29± 0.02 

0.60± 0.04 

0.74 ± 0.05 

0.86 ± 0.06 

1.11±0.08 

1.10±0.08 

0.46 ± 0.03 

0.54 ± 0.04 

0.37 ± 0.03 

0.33 ± 0.02 

0.32 ± 0.02 

0.34 ± 0.02 

0.71 ± 0.05 

0.29 ± 0.02 

0.31 ± 0.02 

Thorium (ppm) 

0.71 ± 0.05 

2.32 ± 0.16 

3.09 ± 0.22 

3.85 ± 0.27 

4.56 ± 0.32 

4.79 ± 0.34 

0.79± 0.06 

0.80 ± 0.06 

0.96 ± 0.07 

0.83 ± 0.06 

0.79 ± 0.06 

0.96 ± 0.07 

2.51 ± 0.18 

0.69 ± 0.05 

0.69 ± 0.05 

Potassium (%) 

0.27 ± 0.02 

0.45 ± 0.03 

0.53 ± 0.04 

0.49 ± 0.03 

0.50 ± 0.04 

0.51 ± 0.04 

0.30 ± 0.02 

0.30 ± 0.02 

0.31 ± 0.02 

0.36 ± 0.03 

0.35 ± 0.03 

0.35 ± 0.03 

0.51 ± 0.04 

0.33 ± 0.02 

0.31 ± 0.02 
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Figure 6.3.1b: Uranium, Thorium and Potassium concentration of the s.1mples from the sectioll 
at Hadera Power Station Quarry East-waH. 
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Netatrya S otlth Cliff and Wadi Netatrya S otlth 

The results for the sections Netanya South Cliff and Wadi Netanya South of thl' gamma 

spectrometry for the 21HUranium decay chain are shown in Table 6.3.1 i. The 

concentrations of the single peaks range between 0.27 ± o.m ppm (WNS 20, 21.1Bi at 

1120.3 keV) and 0.89 ± 0.05 ppm (NET 4, 22('Ra at 1 H6.0 keY). The maximum variations 

Oowest concentration in percent of the highest concentration within one sample) in the 

concentrations determined from the single peaks are less than 10 °0 for 4 samples (N 1,:'1' 

8, NET 12, WNS 12, WNS 19). From 35 samples IH samples (NhT 1 - NI':T 7, NI':T 9 

- NET 11, NET 13, NET 15 - NET lR, WNS to, WNS 14, WNS 20) val')' less than 20 

%. For all other 13 samples the maximum variations within anyone sample art· larger 

than 20 % and reach up to 50 % in single cases (N ET 21, NET 23). 

Table 6.3.1 j shows the concentrations of the 212Thorium decay chain. The 

concentrations of the single peaks range between 0.45 ± o.m ppm (NFl' 21, 211H.1'I at 

583.2 keV) and 2.21 ± 0.21 ppm (NET 19, 212Pb at ,)(lO.t keY). The maximum 

variations within anyone sample in the Thorium concentrations determined O\'Cr the 

singles peaks arc much more varied compared to the maximum variations of thl' 

Uranium concentrations. For none of the 35 samples the single Thorium concentrations 

vary less than 10 %. For 10 samples (NET 4, NI':T H, NI~T 14, NET ZO, NI'T 24, WNS 

11, WNS 14, WNS 16, WNS 17, WNS 19) the concentrations "ary less than ZO 0 II. I 'or a 

further 14 samples (NET 1, NET 5 - NET 7, NI':T 10 - NET D, NI'T 17, NET IH, 

WNS 10, WNS 13, WNS 18, WNS 20) the concentrations within anyone sample vary 

less than 30 %. For all other samples from the sections Netanya South Cliff and Wadi 

Netanya South the single Thorium concentrations within one sample nuy more than 

that. The samples NET 9, NET 15 and NET 23 show maximum variations in the 

concentrations larger than 50 O;(). 

Table 6.3.1 k presents the concentrations of the Potassium content determined o"er 

gamma spectrometry. The concentrations range between 0.13 ± (Ull 0'0 (NI':T 21) and 

0.63 ± 0.01 % (NET 5, NET 6). 

The above information is summarised 111 Table 6.3.11. The llranium and Thorium 

concentrations arc given as the arithmetic mean of the concentrations determined over 

the single peaks and for all concentrations (liranium, Thorium and Potassium) an 

estimated error of 7 % was assumed. The Uranium concentration ranges between () .. )() 

± 0.02 ppm (WNS 20) and 0.H2 ± (),()() ppm (N I .:'1' 4). The Thorium concentrations 



range between 0.62 ± 0.04 ppm (NET 21) and 1.92 ± O.B ppm (NI':'!' 4). The 

Potassium concentrations range between O. B ± (U)1 (JiO (N FT 21) and 0.61 ± (l.O4 0/
0 

(NET 5, NET 6). At the Netanya South Cliff section it can be seen that the llranium 

and the Thorium concentrations are somewhat higher in well developed soils (N I ':'1' 4. 

NET 19, NET 20, NET 24) (Figure 6.1.1 c). A similar trend is observed for the Thorium 

concentrations of the sections at the Wadi Netanya South (l"igures 6.1.1 d and (d. 1 e). 



Table 6.3.1i: Equivalent 238Uranium contents from isotope concentrations ofthe 238Uranium decay chain for samples of the sections Netanya South Cliff and Wadi 
Netanya South determined by gamma spectrometry. 

Sample Equivalent 238 Uranium Equivalent 238 Uranium Equivalent 238 Uranium Equivalent 238 Uranium 
(ppm) from 226Ra at 186.0 (ppm) from 214Pb at 295.2 (ppm) from 214Pb at 351.9 (ppm) from 214Bi at 609.3 

Equivalent 238 Uranium 
(ppm) from 214Bi at 

keV keV keV keV 1120.3 keV 

NET 1 0.66 ± 0.05 0.58 ± 0.03 0.59 ± 0.02 0.57 ± 0.01 0.61 ± 0.04 

NET2 0.75 ± 0.05 0.62 ± 0.03 0.62 ± 0.01 0.62 ± 0.01 0.63 ± 0.04 

NET3 0.83 ± 0.05 0.66 ± 0.03 0.69 ± 0.01 0.73 ± 0.02 0.75 ± 0.04 

NET4 0.89 ± 0.05 0.81 ± 0.04 0.82 ± 0.01 0.78 ± 0.02 0.80 ±0.05 

NETS 0.72 ± 0.05 0.71 ± 0.03 0.70 ± 0.03 0.71 ± 0.02 0.60 ± 0.05 

NET6 0.62 ± 0.04 0.59 ± 0.03 0.58 ± 0.01 0.63 ± 0.02 0.67 ± 0.05 

NET7 0.40 ± 0.03 0.35 ± 0.03 0.40 ± 0.01 0.44 ± 0.01 0.42 ± 0.04 

NET8 0.51 ± 0.04 0.46 ± 0.03 0.51 ± 0.01 0.49 ± 0.01 0.46 ± 0.04 

NET9 0.33 ± 0.03 0.40 ± 0.03 0.39 ± 0.01 0.40 ± 0.01 0.36 ± 0.03 

NET10 0.49 ± 0.04 0.41 ± 0.03 0.44 ± 0.01 0.45 ± 0.01 0.41 ± 0.04 

NET 11 0.34 ± 0.03 0.32 ± 0.02 0.32 ± 0.01 0.36 ± 0.02 0.39 ± 0.04 

NET12 0.44 ± 0.04 0.43 ± 0.03 0.45 ± 0.01 0.46 ± 0.01 0.44 ± 0.04 

NET13 0.37 ± 0.03 0.35 ±0.03 0.32 ± 0.01 0.30 ± 0.02 0.32 ± 0.03 

NET 14 0.49 ± 0.03 0.38 ± 0.03 0.40 ± 0.01 0.41 ± 0.01 0.35 ± 0.04 

NET15 0.32 ± 0.03 0.36 ± 0.03 0.30 ± 0.02 0.33 ± 0.01 0.36 ± 0.03 

NET16 0.36 ± 0.04 0.34 ± 0.03 0.31 ± 0.01 0.33 ± 0.01 0.34 ± 0.04 

NET17 0.36 ± 0.04 0.33 ± 0.03 0.33 ± 0.01 0.36 ± 0.01 0.29 ± 0.03 

NET18 0.45 ± 0.04 0.39 ± 0.03 0.38 ± 0.01 0.42 ± 0.02 0.47 ± 0.05 

NET19 0.57 ± 0.04 0.50 ± 0.03 0.47 ± 0.01 0.47 ± 0.01 0.41 ± 0.04 

NET20 0.79 ± 0.04 0.52 ± 0.03 0.56 ± 0.02 0.57 ± 0.01 0.63 ± 0.04 

NET21 0.78 ± 0.06 0.40 ± 0.02 0.42 ± 0.01 0.41 ± 0.02 0.41 ± 0.03 

NET 22 0.54 ± 0.06 0.40 ± 0.02 0.39 ± 0.01 0.38 ± 0.01 0.33 ± 0.03 

NET 23 0.89 ± 0.04 0.44 ± 0.03 0.45 ± 0.01 0.46 ± 0.01 0.45 ± 0.03 

NET 24 0.87 ± 0.07 0.59 ± 0.03 0.61 ± 0.01 0.62 ± 0.01 0.68 ±0.04 
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Table 6.3.1i: Continued. 

Sample Equivalent 238 Uranium Equivalent 238 Uranium Equivalent 238 Uranium Equivalent 238 Uranium 
(ppm) from 226Ra at 186.0 (ppm) from 214Pb at 295.2 (ppm) from 214Pb at 351.9 (ppm) from 214Bi at 609.3 

Equivalent 238 Uranium 
(ppm) from 214Bi at 

keY keY keY keY 1120.3 keY 

WNS 10 0.40 ± 0.03 0.33 ± 0.02 0.37 ± 0.01 0.38 ± 0.01 0.37 ± 0.03 

WNS 11 0.52 ± 0.04 0.37 ± 0.02 0.44 ± 0.01 0.42 ± 0.01 0.46 ± 0.04 

WNS 12 0.45 ± 0.06 0.45 ± 0.03 0.47 ± 0.01 0.47 ± 0.01 0.44 ± 0.04 

WNS 13 0.42 ± 0.03 0.36 ± 0.02 0.39 ± 0.02 0.40 ± 0.02 0.50 ± 0.04 

WNS 14 0.50 ± 0.04 0.44 ± 0.03 0.46 ± 0.01 0.48 ± 0.02 0.46 ± 0.03 

WNS 15 0.39 ± 0.04 0.30± 0.02 0.34 ± 0.01 0.34 ± 0.02 0.38 ± 0.04 

WNS 16 0.41 ± 0.03 0.33 ± 0.02 0.35 ± 0.01 0.34 ±0.02 0.32 ± 0.03 

WNS 17 0.55 ± 0.07 0.42 ± 0.03 0.41 ± 0.01 0.41 ± 0.01 0.43 ± 0.04 

WNS 18 0.58 ± 0.04 0.43 ± 0.03 0.40 ± 0.01 0.43 ±0.02 0.38 ± 0.05 

WNS 19 0.47 ± 0.06 0.46 ± 0.03 0.47 ± 0.02 0.46 ± 0.01 0.43 ± 0.06 

WNS20 0.32 ± 0.03 0.29 ± 0.02 0.30 ± 0.01 0.32 ± 0.01 0.27 ± 0.03 
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Table 6.3.1j: Equivalent 232Thorium contents from isotope concentrations of the 232Thorium decay chain for samples of the sections Netanya South Cliff and Wadi 
Netanya South determined by gamma spectrometry. 

Sample E~uivalent E~uivalent E~uivalent E~uivalent E~uivalent E~uivalent E~uivalent 
23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 
from 212Pb at from 212Pb at from 228 Ac at from 2~1 at 583.2 from 212Bi at from 228 Ac at from 208T1 at 
238.6 keV 300.1 keV 338.3 keV keV 727.3 keV 911.1 keV 2614.5 keV 

NET 1 0.85 ± 0.03 1.02 ± 0.13 0.89 ± 0.09 0.90 ± 0.05 0.84 ± 0.14 1.03 ± 0.06 1.09 ± 0.04 

NET2 0.85 ±0.03 0.78 ± 0.23 0.90 ± 0.10 0.86 ± 0.04 0.75 ± 0.14 0.94 ± 0.06 1.13 ± 0.04 

NET3 1.18 ± 0.04 1.23 ± 0.19 0.99 ± 0.20 1.22 ± 0.05 1.47±0.18 1.42 ± 0.07 1.38 ± 0.05 

NET4 1.83 ± 0.05 1.96 ± 0.24 1.83±0.12 1.83 ± 0.05 2.13±0.21 1.92 ± 0.08 1.96 ± 0.06 

NET5 0.84 ± 0.04 1.18±0.17 0.87 ± 0.05 0.93 ± 0.04 1.03 ± 0.13 0.91 ± 0.06 1.03 ± 0.04 

NET6 0.87 ± 0.03 0.93 ± 0.11 0.92 ± 0.18 0.91 ± 0.05 1.09 ± 0.17 0.92 ± 0.06 1.23 ± 0.04 

NET7 0.85 ± 0.04 0.88 ± 0.15 1.08±0.16 0.95 ± 0.05 1.20 ± 0.16 1.05 ± 0.06 1.12±0.04 

NET8 1.10 ± 0.04 1.08 ±0.17 1.15 ± 0.09 1.10 ± 0.05 0.99 ± 0.15 1.12±0.00 0.00 ± 0.00 

NET9 0.93 ± 0.03 1.11 ±0.18 0.88±0.10 0.98 ± 0.04 0.70 ± 0.14 0.91 ± 0.06 0.53 ±0.02 

NET10 1.18 ± 0.04 1.15±0.18 1.38±0.10 1.22 ± 0.05 1.22 ± 0.16 1.39 ± 0.07 1.50 ± 0.05 

NET 11 0.87 ± 0.03 0.88 ± 0.07 0.85 ± 0.10 0.77 ± 0.06 1.03 ± 0.14 0.89 ± 0.06 0.94 ±0.04 

NET 12 1.13±0.04 1.01 ±0.14 1.18 ± 0.10 1.13 ± 0.05 1.13 ± 0.15 1.18 ± 0.06 1.36 ± 0.05 

NET 13 0.76 ± 0.03 1.07±0.17 0.83 ± 0.09 0.80 ± 0.04 0.94 ± 0.14 0.85 ± 0.05 0.98 ±0.04 

NET 14 1.09 ± 0.04 1.02 ± 0.21 1.09±0.15 1.20 ± 0.05 1.19 ± 0.17 1.23 ± 0.07 1.27 ± 0.05 

NET15 0.57 ± 0.02 1.16 ± 0.22 0.90 ± 0.09 0.80 ± 0.04 0.91 ± 0.13 1.03 ± 0.06 0.92 ±0.04 

NET 16 0.74 ± 0.03 1.03±0.12 0.81 ± 0.09 0.84 ± 0.04 0.67 ± 0.14 0.82 ± 0.05 0.85 ± 0.03 

NET17 0.85 ± 0.03 0.89 ± 0.19 1.11±0.10 1.00 ± 0.04 1.14±0.16 0.92 ± 0.06 1.15 ± 0.04 

NET18 1.06 ± 0.04 1.26±0.18 0.99 ± 0.10 1.10 ± 0.07 0.97 ± 0.16 1.03 ± 0.05 1.02 ± 0.04 

NET19 1.47 ± 0.04 2.21 ± 0.21 1.60 ± 0.10 1.53 ± 0.09 1.47±0.18 1.66 ± 0.06 1.39 ± 0.05 

NET 20 1.48 ± 0.05 1.49 ± 0.23 1.45 ± 0.11 1.55 ± 0.05 1.81±0.19 1.55 ± 0.07 1.65 ± 0.06 

NET21 0.48 ± 0.02 0.64 ± 0.09 0.79 ± 0.09 0.45 ± 0.03 0.64 ± 0.13 0.61 ± 0.04 0.76 ± 0.03 

NET 22 0.52 ± 0.03 0.90 ± 0.14 0.72 ± 0.09 0.52 ± 0.03 0.81±0.12 0.59 ± 0.04 0.51 ± 0.03 

NET23 0.62 ± 0.02 1.12±0.11 0.81 ± 0.09 0.68 ± 0.04 0.49 ± 0.11 0.67 ± 0.05 0.81 ± 0.03 

NET24 1.55 ± 0.04 1.52 ± 0.18 1.77±0.11 1.46 ± 0.07 1.49±0.16 1.53 ± 0.07 1.55 ± 0.05 
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Table 6.3.1j: Continued. 

Sample E2uivalent E2uivalent E2uivalent E2uivalent E2uivalent E2uivalent E2uivalent 
23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 23 Thorium (ppm) 
from 212Pb at from 212Pb at from 228 Ac at from 2o~1 at 583.2 from 212Si at from 228 Ac at from 2°~1 at 
238.6 keY 300.1 keY 338.3 keY keY 727.3 keY 911.1 keY 2614.5 keY 

WNS 10 0.88 ± 0.03 1.05 ± 0.16 0.85 ± 0.08 0.93 ± 0.04 1.17 ± 0.14 0.93 ± 0.05 0.87 ±0.03 

WNS 11 1.16 ± 0.04 1.28 ± 0.13 1.21 ±0.10 1.22 ± 0.05 1.18 ± 0.16 1.40 ± 0.06 1.18 ± 0.04 

WNS 12 1.30 ± 0.04 1.42 ± 0.16 1.52 ± 0.10 1.34 ± 0.07 0.84 ± 0.22 1.33 ± 0.06 1.47 ± 0.05 

WNS 13 1.20 ± 0.04 1.46 ± 0.15 1.37 ± 0.09 1.23 ± 0.04 1.06 ± 0.15 1.35 ± 0.06 1.18±0.05 

WNS 14 1.49 ± 0.05 1.40 ± 0.21 1.46 ±0.11 1.39 ± 0.05 1.48±0.16 1.64 ± 0.07 1.46 ± 0.05 

WNS 15 0.80 ± 0.30 1.05 ± 0.14 1.01 ± 0.09 0.73 ± 0.05 0.70±0.13 0.83 ± 0.07 0.94 ± 0.04 

WNS 16 1.09 ± 0.04 1.22 ± 0.12 1.15 ± 0.17 1.05 ± 0.07 1.02±0.16 1.13±0.06 1.12 ±0.04 

WNS 17 1.37 ± 0.04 1.43 ± 0.18 1.54 ± 0.10 1.32 ± 0.05 1.30 ± 0.23 1.46 ± 0.09 1.30 ± 0.05 

WNS 18 1.36 ± 0.05 1.46 ± 0.13 1.69±0.10 1.43 ± 0.05 1.24 ± 0.17 1.45 ± 0.09 1.47 ± 0.05 

WNS 19 1.57 ± 0.05 1.90±0.18 1.65 ± 0.10 1.75 ± 0.06 1.70±0.18 1.70 ± 0.07 1.64 ± 0.06 

WNS20 0.69 ± 0.03 0.76 ± 0.12 0.84 ± 0.09 0.71 ± 0.04 0.63 ± 0.12 0.74 ± 0.05 0.78 ± 0.03 
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Table 6.3.1k: Potassium concentrations of the samples of the sections Netaya South Cliff and Wadi Netanya South determined by gamma spectrometry. 

Sample K (%) determined over the concentration of 40K at 1460 keY 

NET 1 0.52 ± 0.01 

NET 2 0.55 ± 0.01 

NET 3 

NET4 

NET5 

NET6 

NET7 

NET 8 

NET9 

NET10 

NET 11 

NET12 

NET13 

NET 14 

NET15 

NET 16 

NET17 

NET18 

NET19 

NET 20 

NET 21 

NET 22 

NET 23 

NET 24 

0.58 ± 0.01 

0.59 ± 0.01 

0.63 ± 0.01 

0.63 ± 0.01 

0.44 ± 0.01 

0.41 ± 0.01 

0.55 ± 0.01 

0.58 ± 0.01 

0.51 ± 0.01 

0.55 ± 0.01 

0.46 ± 0.01 

0.53 ± 0.01 

0.45 ± 0.01 

0.42 ± 0.01 

0.45 ± 0.01 

0.38 ± 0.01 

0.42 ± 0.01 

0.40 ± 0.01 

0.13 ± 0.01 

0.14±0.01. 

0.17 ± 0.Q1 

0.37 ± 0.01 
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Table 6.3.1k: Continued. 

Sample 

WNS 10 

WNS 11 

WNS 12 

WNS 13 

WNS 14 

WNS 15 

WNS 16 

WNS 17 

WNS 18 

WNS 19 

WNS20 

K (%) detennined over the concentration of 40K at 1460 keY 

0.23 ± 0.01 

0.29 ± 0.01 

0.32 ± 0.01 

0.31 ± 0.01 

0.36 ± 0.01 

0.29 ± 0.01 

0.40 ± 0.01 

0.43 ± 0.01 

0.42 ± 0.01 

0.40 ± 0.01 

0.21 ± 0.01 
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Table 6.3.11: Uranium, Thorium and Potassium concentrations ofthe samples of the sections Netanya South Cliff and Wadi Netanya South determined by gamma 
spectrometry . 

Sample Uranium (ppm) Thorium (ppm) Potassium (%) 

NET 1 0.60 ± 0.04 0.95 ± 0.07 0.52 ± 0.04 

NET2 0.65± 0.05 0.89 ± 0.06 0.55 ± 0.04 

NET3 0.73 ± 0.05 1.27 ± 0.09 0.58 ± 0.04 

NET4 0.82 ± 0.06 1.92 ± 0.13 0.59 ± 0.04 

NETS 0.69 ± 0.05 0.97 ± 0.07 0.63 ± 0.04 

NET6 0.62 ± 0.04 0.98 ± 0.07 0.63 ± 0.04 

NET7 0.40 ± 0.03 1.02 ± 0.07 0.44 ± 0.03 

NET8 0.49 ± 0.03 1.09 ± 0.08 0.41 ± 0.03 

NET9 0.38 ± 0.03 0.86± 0.06 0.55 ± 0.04 

NET10 0.44 ± 0.03 1.29± 0.09 0.58 ± 0.04 

NET 11 0.35 ± 0.02 0.89 ± 0.06 0.51 ± 0.04 

NET12 0.44 ± 0.03 1.16 ± 0.08 0.55 ± 0.04 

NET13 0.33 ± 0.02 0.89 ± 0.06 0.46 ± 0.03 

NET 14 0.41 ± 0.03 1.16±0.08 0.53 ± 0.04 

NET 15 0.33 ± 0.02 0.90 ± 0.06 0.45 ± 0.03 

NET 16 0.34 ± 0.02 0.82 ± 0.06 0.42 ± 0.03 

NET 17 0.33 ± 0.02 1.01 ± 0.07 0.45 ± 0.03 

NET 18 0.42 ± 0.03 1.06 ± 0.07 0.38 ± 0.03 

NET19 0.48 ± 0.03 1.62 ± 0.11 0.42 ± 0.03 

NET 20 0.61 ± 0.04 1.57 ± 0.11 0.40 ± 0.03 

NET 21 0.48 ± 0.03 0.62 ± 0.04 0.13 ± 0.Q1 

NET 22 0.41 ± 0.03 0.65 ± 0.05 0.14 ± 0.01 

NET 23 0.54 ± 0.04 0.74 ± 0.05 0.17 ± 0.01 

NET 24 0.67 ± 0.05 1.55 ± 0.11 0.37 ± 0.03 
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Table 6.3.11: Continued. 

Sample Uranium (ppm) Thorium (ppm) Potassium (%) 

WNS 10 0.37 ± 0.03 0.95 ± 0.07 0.23 ±0.02 

WNS 11 0.44 ± 0.03 1.23 ± 0.09 0.29 ± 0.02 

WNS 12 0.46 ± 0.03 1.32 ± 0.09 0.32 ± 0.02 

WNS 13 0.41 ± 0.03 1.26 ± 0.09 0.31 ± 0.02 

WNS 14 0.47 ± 0.03 1.47±0.10 0.36 ± 0.03 

WNS 15 0.35 ± 0.03 0.87 ± 0.06 0.29 ± 0.02 

WNS 16 0.35 ± 0.03 1.11 ±0.08 0.40 ± 0.03 

WNS 17 0.44 ± 0.03 1.39±0.10 0.43 ± 0.03 

WNS 18 0.44 ± 0.03 1.44 ± 0.10 0.42 ±0.03 

WNS 19 0.46 ± 0.03 1.70±0.12 0.40 ± 0.03 

WNS20 0.30 ± 0.02 0.74 ± 0.05 0.21 ± 0.01 

174 



o 

5 

- 10 
E -.c 15 -a. 
Q) 
"0 

20 Q) 

a. 
E 

25 ctI 
(f) 

30 

35 

0,0 0,2 

NET 18 ;-e 1 
/ / 

• r l I NET17 

I- t I NET 34 

1 I NET :!O 

""" 1 ' NET 19 

\ I r----.---U-rn-n-iu-m--c-o-n-ce-n-t-ra-ti-o-n-(~pp-m--)~ a. NET 16 re I - . Thorium concentration (ppm) 
I \ \ • Potassium concentration (%) 

J, ~, I NET15 1-e f-. --I NET 14 
,1 I NET 13 i- 1 .4_ -""I i NET 12 

I I 1 NET 11 f- t ,- _ 
a l 1.6.1 _ .l-e I NET 10 

• I.A.I NET9 t e t 

tAt'li 
\ 

0,4 

>-;1 -1 NET8 

NET7f-e -l _ 
I "iii' a I J 1:-::1 II I N~-r2f"-l NET3 

~T1 

~6 O~ 1~ 12 1A 1~ 

Concentration (see legend) 
1,8 2,0 2,2 

Figure 6.3.1c: Uranium, Thorium and Potassium conccntrations of dlc samplcs of thc soudlcm 
scction at Nctanya South Cliff. 

0,5 

1,0 

...-. 1,5 
E -.c -a. 2,0 Q) 
"0 
Q) 

a. 
E 2,5 
ctI 

(f) 

3,0 

•• 1 v.NS 15 f-~_ .... • Uranium concentration (ppm) 

\ -. Thorium conoentration (ppm) 

- \ 
6 - Potassium concentration (%) 

• .6.< • v.NS 14 I • I 

1J v.NS 13 I \ 1 1 \ - 1-111 v.NS 12 1-. I 

I I / .. '. v.NS 11 I • • 

I / .. • v.NS 10 ' e '" 
3,5 

0,2 0,4 0,6 0,8 1 ,0 1 ,2 1 ,4 1,6 

Concentration (see legend) 

Figurc 6.3.1d: Uranium, Thorium and Potassium concelltratiolls of the samples from the lVestem 
section at Wadi Netanya South. 

175 



3,0 

3,5 

-E 4 ,0 --.c -1t 4,5 
"0 
Q) 

~ 5,0 
ro 

CJ) 

5,5 

6,0 

.A. -II WNS 20 ... ~ 

I I w-lS 16 

I! .' WIIS 17 

WIIS 16 

• Uranium concentration (ppm) 
- . Thorium concentration (ppm) 
~ Potassium concentration (%) .' 

f- • ' 

I.' 
0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1.8 2,0 

Figure 6.3.1e: Uranium, Thorium and PotassiunJ concentmtiolls of the s;lInples from the eastern 
section at Wadi Netanya South. 

6.3.2 Beta counting 

The determination of the internal potassium concentration Ilia beta counting on the 

potassium-rich feldspar fraction of the samples HAB-II-9, NET 18, NET 24, WNS 13 

and WNS 17 produced the results presented below (fable 6.3.2). The in terna l potassium 

concentrations of the samples HAB-II-9, WNS 13 and \'{fNS 17 lie between 12.44 % K 

(HAB-II-9) and 13.43 % K (WNS 13) and are within expectations, while the obtained 

internal potassium concentrations o f 3.14 % K (NET 18) and 6.23 % K (NET 24) can 

be considered as too low. The results are discussed in Chapter 7.1.5. For the calculation 

of the equivalent doses the value from HUNTLEY and B ,\RlL (1997) of 12.5 ± 0.5 % 

internal potassium concentra tion were used (cp. Chapter 5.6). 

Table 6.3.2: Internal potassium concentrations determined by beta counting. 

Sample 

HAB-II -9 

NET 18 

NET 24 

WNS 13 

WNS 17 

Internal potassium concentration (%) 
of the separated potassium-rich 
feldspar fraction 

12.44 ± 0.01 

3.14 ± 0 .01 

6 .23 ± 0.01 

13.43 ± 0.01 

12.90 ± 0.01 
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6.4 Luminescence ages 

The luminescence ages obtained from the various samples coUectl'd at the Sharon and 

Carmel coastal plains are presented below. 

Habonim Quarry, Dor-Habonim Nature ReJerzle fiflidd/e Ri{{~e, Dor-llabollim 

Nature Reserve Coast 

Here the luminescence dating results for I-Iabonim (~uarr)', l)or-Ilabonim Naturl' 

Reserve Middle Ridge and Dor-Habonim Nature Reserve Coast are presented (I'able 

6Aa). Preliminary data for Habonim Quarry, with individual parallll'tl'rs not adjusted 

exacdy for the Israeli coastal plain, were prematurely presented by NEBI':R (2002). The 

data given here are the flnal results of the study (1 'able (lAa). 

The ages obtained from the different horizons at Habonim Quarry range between .12 ± 

3 ka (HAB 15 TL) and 132 ± 18 ka (HAB 4 IR-OSL) (rable oAa). h)1' the section at the 

East-wall at Habonim Quarry an IR.-OSL age of B2 ± 1 H ka and an TL age of 124 ± 17 

ka was determined for the aeolianite samples from undernl'ath the pedocomplex (II A B 

4) (Figure 6Aa). Ages obtained for an additional sample (IIA B 1 (1) taken from the same 

aeolianite north of the particular sampled section at the blst-wall were estimated at 122 

± 15 ka for the IR-OSL and at 85 ± 10 ka for the '1']. (hgure oAb). The samples from 

the soil sequence above the aeolianite show ages of % ± 10 ka (I L\B 5 IR-OSL) to n 
± 6 ka (HAB 9 TL) and of 51 ± 4 ka (HAB 10 TL) to 17 ± .1 (IL\B U IR-OSL), 

decreasing in age from the bottom to the top. The ages suggest a hiatus between the 

samples HAB 9 and HAB 10 of about 25 ka. j\ges from the sample (HAB 14) of the 

aeolianite above the pedocomplex could not be obtained. Sample IL\B 15 takell further 

south than the particular sampled section shows an JR.-OSL age of j7 ± j ka and a '1'1. 

age of 32 ± 3 ka (Figure GAb). 

For the samples of the aeolianites of the North-wall (hgure 3.2.11» agl~s of 60 ± I) ka 

(HAB 3) to 53 ± 8 ka (HAB 1) were obtained (hgurc G.4c). 

Supplementary samples came from the North-wall of the yuarry after sUCCeSSl\'l' 

quarrying activities (Figure j,2.1 c). The lower sampled acolianite (11i\ B- II-I)) shows an 

IR.-OSL age of 142± 7 ka and a TL age of 141 ± 7 ka (hgure GAd), hlt the sample 

(HAB-II-S) from the soil on top of the acolianite ages of 75 ± 7 ka werl' detl'rmined for 

both IR-OSL and T1.. The on~rlying aeolianitc shows ages of 74 ± 12 ka (H.\ B-1 1-4 J R-

177 



OSL) and 66 ± 11 ka (HAB-II-4 1'L). The section displays a hiatus of maximum (is ka 

between the lower sampled aeolianite (HAB-II-9) and the soil (HAB-Il-S). hlr an 

adjacent aeolianite directly to the West, ages of 49 ± H ka (IIAB-ll-l IR-OSL) and 4H ± 

7 ka (HAB-II-1 TL) were determined (Figure G.4d). 

The aeolianite from Dor-Habonim Nature Reserve Middle Ridge (111)1\1) showcd ages 

of 87 ± 13 ka (lR-OSL) and 64 ± 9 ka (1'1.) (l"igure G.4l'). 

For the aeolianite from the coast at Dor-Habonim Nature Reserve (Hne:) ages of S.1 ± 
8 ka (IR-OSL) and 39 ± 6 ka (1'L) were obtained (hgure G.4e). 
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Table 6.4a: Luminescence dating results for the sections at Habonim Quarry, Dor-Habonim Nature Reserve Middle Ridge, Dor-Habonim Nature Reserve Coast. 

Sample 

HAB1 

HAB2 

HAB3 

HAB4 

HAB5 

HAB6 

HAB7 

HAB8 

HAB9 

HAB10 

HAB 11 

HAB12 

HAB13 

HAB14 

HAB15 

HAB16 

HAB-II-1 

HAB-II-4 

HAB-II-5 

HAB-II-9 

HOM 

HOC 

Depth 
(m) 

9.00 

7.20 

6.10 

8.90 

7.75 

7.45 

6.75 

6.25 

6.05 

5.55 

5.25 

4.50 

4.20 

360 

445 

10.45 

1.40 

250 

3.20 

2.60 

050 

050 

D.IR-OSL 
(Gy) 

59.27 ± 3.33 

64.60 ± 3.30 

67.93 ± 2.66 

151.85 ± 4.66 

155.18±4.66 

165.17 ± 4.00 

149.18±4.66 

191.81 ± 7.33 

171.35 ± 7.19 

105.95 ± 2.62 

107.23 ± 5.33 

79.25 ± 2.66 

75.92 ± 3.33 

77.26 ± 3.33 

158.51 ± 4.00 

53.33 ± 3.52 

7970 ± 6.25 

141 23 ± 5.27 

15054 ± 5.95 

96.57 ± 3 33 

6527 ± 5 33 

D. TL 
(Gy) 

57.28 ± 2.66 

60.61 ± 2.66 

65.27 ± 2.66 

142.52 ± 4.00 

153.18± 5.99 

151.85 ± 3.33 

133.87±3.33 

189.81 ± 5.33 

163.84 ± 5.89 

113.14:!: 3.27 

108.56 ± 5.33 

77.92:!: 2.66 

79.92 ± 6.66 

65.93 ± 2.66 

110.56 ± 2.00 

51.57 ± 2.93 

70.91 ± 5.86 

142.40:!: 4.69 

149.94 ± 595 

71.26 ± 2.66 

47.95 ± 2.66 

Grain 
size 
(j.lm) 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150 ± 50 

150:: 50 

150:: 50 

150:: 50 

150 z 50 

150., 50 

150:: 50 

Water 
("10) 

5.00 ± 1.50 

5.00 ± 1.50 

5.00±1.50 

5.00 ± 1.50 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

9.00 ± 3.00 

5.00 ± 1.50 

500±1.50 

5.00:: 1.50 

9.00:: 3 00 

5.00 z 1.50 

5.00 z 1.50 

500., 1.50 

Uranium 
(ppm) 

1.25 ± 0.09 

1.15±0.08 

1.31 ± 0.09 

0.56 ± 0.04 

0.77 ± 0.05 

0.93 ± 0.06 

0.90 ± 0.06 

1.11±008 

1.10±0.08 

1.09 ± 0.08 

1.28 ± 0.09 

1.20 ± 0.08 

(HAB 12)' 

1.24 ± 0.09 

(HAB12)' 

0.79 ± 006 

1.03 ± 0.07 

1.02 ± 0.07 

0.88 ± 0 06 

054 ± 0.04 

0.74 ± 005 

0.66 ± 0 05 

Thorium 
(ppm) 

0.43 ± 0.03 

0.75 ± 0.05 

0.51 ± 0.04 

1.16 ± 0.08 

3.22 ± 0.23 

4.18 ± 0.29 

4.50 ± 0.32 

5.66 ± 0.40 

6.12 ± 0.43 

6.13 ± 0.43 

6.01 ± 0.42 

5.31 ± 0.37 

(HAB 12)' 

0.65 ± 0.46 

(HAB 12)' 

1.08 ± 008 

0.50 ± 003 

0.57 ± 0.04 

4.67 ± 0 33 

051 ± 0.04 

0.77 ± 0.05 

077 ± 0.05 

Potassium 
("10) 

0.14±0.01 

0.14 ± 0.01 

0.14 ± 0.01 

0.34 ± 0.02 

0.64± 0.04 

0.77 ± 0.05 

0.84 ± 0.06 

0.94 ± 0.07 

0.98 ± 0.07 

0.94 ± 0.07 

0.89 ± 0.06 

0.81 ± 0.06 

(HAB 12)' 

0.18 ± 0.01 

(HAB12)' 

0.45 ± 0.03 

0.09 ± 0.01 

0.11 ± 0.01 

073 ± 0.05 

023 ± 0.02 

016 ± 0.01 

030 ± 0 02 

Cosmic 
dose 
(j.lGy/a) 

68 

82 

93 

69 

77 

80 

87 

91 

94 

99 

103 

112 

116 

126 

113 

59 

168 

145 

132 

143 

190 

190 

Total dose 
(j.lGy/a) 

1080 ± 155 

1094 ± 155 

1127±155 

1151 ± 157 

1613 ± 156 

1847 ± 157 

1935 ± 160 

2170 ± 163 

2242 ± 163 

2210± 163 

2206 ± 158 

2069 ± 159 

2073 ± 159 

2070 ± 159 

1299 ± 156 

1081±158 

1080", 157 

1888 ± 157 

1062:: 35 

1116::: 159 

1228:: 159 

Age 
IR-OSL 
(ka) 

55± 8 

59± 9 

60± 9 

132± 18 

96 ± 10 

89± 8 

77 ± 7 

88± 7 

76 ± 6 

48 ±4 

49±4 

38± 3 

37 ± 3 

37:: 3 

122:: 15 

49 ± 8 

74:: 12 

75 ± 7 

142:: 7 

87::: 13 

53::: 8 

Age 
TL 
(ka) 

53 ± 8 

55 ± 8 

58 ± 8 

124 ± 17 

95± 10 

82± 7 

69±6 

87 ± 7 

73± 6 

51 ±4 

49±4 

38 ± 3 

39±4 

32 ± 3 

85± 10 

48± 7 

66 ± 11 

75± 7 

141", 7 

64 ± 9 

39= 6 

Ratio IR­
OSLagel 
TLage 

1.03 

1.07 

1.04 

1.07 

1.01 

1.09 

1.11 

1.01 

1.05 

0.94 

0.99 

1.02 

0.95 

1.17 

1.43 

1.03 

1.12 

099 

1.00 

1.36 

1.36 

'l . r,mium. Thonum and Pota"ium ulue:, I, 'f the :,ample" I J. \H 13 and J L \H 15 could not b" dctcrmined :I~ the ,,:ImrIe,; went mi:,,;n)! during ,hipping. The :Igc; of the:,,, :':Imple:, Wcre cJ.!culatc·d 

u:.:mg the '·:Ilue:.: ()f :.:ample I L \H 11. 
crhc eyui"alenr do:,es for :,ample I L \]-114 could not be dCH:rmined due to a tcchnicJ.! failure Jnd an addirionJ.! :,hortJ.gc of :'Jmpk m.ltcrul 

179 



Habonim Quarry East-wall 
3,5 

Aeollanlle 

HAB1 3 
Sand, clayey. 

-.t "weak accretionary soli" 
(TRO"kln on" RnnM 199~ I 

4,0 

4,5 HAB12 let 
Poeudogley 

5,0 

HAB11 I*i 

5,5 - HAB10 ..-.I Vertlsol 

6,0 HAB9 ~ 

~ HABS ........ 
AB horizon 

HAB7 ............ 
.s 65 
.r. 
a. 
8 7,0 

HAB6 
Hamra .......-. (AlB horizon 7,5 

HAB5 ----8,0 

I • IR-OSL I Hamra 

• TL Be horizon 
8,5 

9,0 HAB4 

Aeollanlte 

9,5 I I I 

o 20 40 60 80 100 120 140 160 

Age (ka) 
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Figure 6.4c: Luminescence dating results of the samples HABl, HAD 2 lind HAD 3 at H.1bonim 
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Hadera Power Station Quarry,S ollth rif Power Station and Jea.riJore Power Station 

The ages estimated for Hadera Power Station Quarry, South of Power Station and 

Seashore Power Station range between ~ 7 ± 2 ka (SPS 7) and H7 ± U ka (J>S(~ 11) for 

the IR-OSL and between 0.0 + 1.7/- 0.0 ka (SPS H) and HH ± 14 ka (J>S(~ 11) for the TL. 

In Figure 6.4f the ages obtained from the samples of the I':astwall at • ladera Powcr 

Station Quarry are shown. The IR-OSL age estimatcs for the samples PS(~ .) to PS(~ () 

range between 33 ka (PSQ 4) and 15 ka (PSQ 6). The TL age estimates for the same 

samples range from 28 ka (PSQ 4) to 17 ka (PSQ 3 and PS(~ 6). A gencral agc incrl'asc 

with depth cannot be obsenred clearly for the lower part of thl' section. 1-'<)1' the uppl'r 

part of the pedocomplex (PSQ 7 and PSQ H) no TL age estimates were ohtainl'd. Thl' 

determined IR-OSL ages range between 16 ka (PSQ 7) and () ka (PS(J 7 and PS(~ H) and 

are younger than the ages of the lower part of the section. 

The ages from the samples of the section at the West-wall at lIadera Powcr Station 

Quarry range for the lower two samples PSQ 11 and PS(~ 10 hetwcl'n 1 () 1 ka (J>S(~ 10 

IR-OSL) and 68 ka (PSQ 10 TL) (hgure G.4g). The IR-OSL and TL ages from the 

sample above (PSQ 9) are between 33 and 21 ka (hgure 6.4 g). 

Sample PSQ 1, taken from the upper part of the acoiianite at one of thl' North-walls of 

the quarry (cp. Chapter 3.2.2), shows IR-OSL and TL ages between 57 and .)<) ka 

(Figure 6.4h). For sample PSQ 2 a TL age was not determined. Thc IR-OSL agc was 

estimated as ~ 23 ± 6 ka (Figure 6.4h). A further single sample, PS(~ 12, was taken from 

the lower part of the aeolianite underneath the pedocomplex and just abovc the lluarry 

surface. For the sample an IR-OSL age of 31 ± 11 ka and a TL age of 54 ± () ka was 

determined (Figure 6.4h). 

For the samples obtained from the section South of POW<.'r Station (S()I> 1 to S()\> 5) 

the IR-OSL and TL ages range between 56 ka (SOP 3 IR-OS!,) and 17 ka (SOP 1 TL) 

(Figure 6.4i). From the data acquired the scale of age increase from the top to the 

bottom of the section is not entirely clear, but there secms to be no major hiatus 

between different horizons of the section (hgure 6.4i). 

For the section Seashore Power Station the ages range between 17 ± 5 ka (SJ>S 2 IR 

OSL) and 0.0 + 1.7/- 0.0 ka (SPS 8 TL) (l;igures 6.4j and 6.4k). 
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Table 6.4b: Luminescence dating results for the sections at Hadera Power Station Quarry and South of Power Station. 

Sample Depth D.IR-OSL D. TL Grain Water Uranium Thorium Potassium Cosmic Total dose Age Age Ratio IR-
(m) (Gy) (Gy) size (%) (ppm) (ppm) (%) dose (IiGy/a) IR-OSL TL OSLagel 

(11m) (IlGy/a) (ka) (ka) TLage 

PSQl 0.50 58.18 ± 4.21 54.68 ± 3.51 150 ± 50 5.00 ± 1.50 (PSQ 10)' (PSQ10)' (PSQ 10)' 190 1178 ± 161 49± 8 46 ± 7 1.06 

PSQ2 0.75 s 25.24 ± 5.61 150 ± 50 5.00 ± 1.50 0.29 ± 0.02 0.71 ± 0.05 0.27 ± 0.02 183 1092 ± 163 s23±6 

PSQ3 3.05 35.75 ± 7.01 30.14 ± 6.31 150 ± 50 9.00 ± 3.00 0.60 ± 0.04 2.32 ± 0.16 0.45 ± 0.03 135 1388 ± 158 26 ± 6 22± 5 1.19 

PSQ4 2.50 44.86 ± 4.91 39.26 ± 3.51 150 ± 50 9.00 ± 3.00 0.74 ± 0.05 309 ± 0.22 053 ± 0.04 145 1564 ± 157 29±4 25 ± 3 1.14 

PSQ 5 210 39.26 ± 4.21 150 ± 50 9.00 ± 3.00 0.86 ± 0.06 3.85 ± 0.27 0.49 ± 0.03 153 1624 ± 154 24± 3 

PSQ6 1.55 35.75 ± 7.71 38.56 ± 7.71 150 ± 50 9.00 ± 3.00 1.11 ± 0.08 4.56 ± 0.32 0.50 ± 0.04 164 1760 ± 155 20 ± 5 22± 5 0.93 

PSQ7 1.00 18.93 ± 8.41 150 ± 50 9.00 ± 3.00 1.10±0.08 4.79 ± 0.34 051 ± 0.04 177 1798 ± 155 11 ± 5 

PSQ 8 0.50 17.53 ± 7.01 150 ± 50 9.00 ± 3.00 (PSQ 7)2 (PSQ 7)2 (PSQ7)2 190 1811 ± 155 10 ± 4 

PSQ9 0.25 33.65 ± 2.80 29.44 ± 2.80 150 ± 50 500 ± 150 (PSQ 10)' (PSQ 10)' (PSQ 10)' 197 1185 ± 162 28 ± 5 25 ± 4 1.14 

PSQ 10 055 10389 = 5.50 93.57 ± 6.19 150 ± 50 500±1.50 0.46 = 0.03 0.79 ± 0.06 030 ± 0.02 189 1177±161 88 ± 13 80 ± 12 1.11 

PSQ 11 0.85 10114±619 103.20 ± 688 150 ± 50 5.00 ± 1.50 (PSQ 10)' (PSQ 10)' (PSQ 10)' 181 1169±161 87 ± 13 88 ± 14 0.98 

PSQ 12 5.50 34.35 ± 11.22 60.29 = 4.21 150 ± 50 5.00 = 1.50 0.54 ± 0.04 0.80 = 0.06 0.30 ± 0.02 100 1110± 159 31 ± 11 54± 9 0.57 

SOP 1 0.25 25.31 ± 3.33 25.97 ±4.00 150:z 50 9.00 ± 3.00 0.37 ± 0.03 0.96 = 0.07 031 :': 0.02 197 1161±162 22:,:4 22:,: 5 097 

SOP 2 2.40 37.96 = 2.66 37.96 ± 2.00 150±5O 500= 1.50 (SOP 3)' (SOP 3)' (SOP 3)' 147 1162 ± 162 33± 5 33= 5 100 

SOP 3 260 56 61 ± 3.33 55.28 ± 3.33 150:: 50 5.00 ± 1.50 0.33:! 0 02 083 ± 0.06 0.36! 0.03 143 1158:: 162 49:,: 7 48::: 7 102 

sOP4 360 52.61:: 4.00 46.62:: 266 150! 50 500 ± 1.50 0.32:! 0.02 0.79 ± 0 06 0.35 ± 0.03 126 1125= 162 47:: 8 41:! 6 1.13 

SOP5 5.30 32.63:': 4.00 35.30 ± 2.66 150:!50 5.00:! 1.50 (SOP 4)' (SOP 4,. (SOP 4,. 102 1101 ! 162 3D:! 6 32! 5 0.92 
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Table 6.4b: Continued. 

Sample Depth D.IR·OSL D. TL Grain Water Uranium Thorium Potassium Cosmic Total dose Age Age Ratio IR· 
(m) (Gy) (Gy) size (%) (ppm) (ppm) ("!o) dose (I'Gy/a) IR.QSL TL OSLagel 

(I'm) (IlGy/a) (ka) (ka) TLage 

SPS 1 0.50 37.30 ± 2.00 34.63 ± 1.33 150 ± 50 5.00 ± 1.50 0.34 ± 0.02 0.96 ± 0.D7 0.35 ± 0.03 190 1208± 162 31 ± 5 29 ±4 1.08 

SPS2 1.60 43.29 ± 2.00 32.63 ± 2.66 150 ± 50 5.00 ± 1.50 (SPS 1)5 (SPS 1)5 (SPS 1)5 163 1181 ± 162 37± 5 28 ±4 1.33 

SPS5 1.20 36.62 ± 3.27 3205 ± 2.62 150 ± 50 9.00 ± 3.00 0.71 ± 0.05 2.51 ± 0.18 0.51 ± 0.04 172 1521 ± 159 24 ± 3 21 ± 3 1.14 

SPS6 0.80 20.93 ± 2.62 23.54 ± 3.27 150 ± 50 9.00 ± 3.00 (SPS 5)6 (SPS 5)6 (SPS 5)6 182 1531±159 14 ± 2 15 ± 3 0.89 

SPS7 0.60 58.50 ± 1.96 0.65 150 ± 50 5.00 ± 1.50 0.29 ± 0.02 0.69 ± 0.05 0.33 ± 0.02 187 1151 ± 162 57±2 0.6 
+ 2.62/- 0.65 +2/- 0.6 

SPS8 0.25 510.46 ± 1.96 00 150 ± 50 5.00 ± 1.50 0.31 ± 0.02 0.69 ± 0.05 0.31 ± 0.02 197 1147 ± 162 59±2 00 

+ 1.96/- 00 + 1.7/- 0.0 

'l- ranium, Thorium and l'ota~sium values were not available for the samples I'S<..2 1, I'S<..2 9 and I'S<-2 11. The ages of these ~ample' were calculated u~ing the values of sample I'S<..2 10. 
21- ranium, Thonum and l'ota"ium value, were not available for sample I'S<..2 8. -111e lR-OSL age was calculated with the values of sample PS(-2 - which i,; from the ,arne horizon than I'S(-2 8. 
'l'ranium, Thorium and l'ota,;,;ium value,; were not available for ,;ample S()P ::!. The ages of the ,;ample were calculated u,;ing the \-alUl'S of ,;ampk SOP 3 ,\·hich wa,; taken from the horizon directly 
undnneath. 
~l'ranium, Thorium and Pota,sium value,; were not available for ,ample S( 11' i The age,; of the sample were calculated u,;ing the \-alue,; of ,;ample S( 11' -+ which wa,; taken from the horizon direct\\­
abo\T 
'L- ranium, Thorium and Pota~,ium v..tlue,; were not a\·ailable for sample SPS 1. The ages of the sampk were calculated using the values of sample SPS 1 which wa" taken from the horizon direct\\­
aboH:. 
"L- ranium, Thorium and l'ota,;,;ium value, were not a\'ailable for ,;ample SPS 6. The age,; of the ,;ample were calculated u,;ing the \-alue,; of sample SI'S 5 which wa,; taken from the ,;arne horizon. 
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Netmrya South Cliff and Wadi Netatrya South 

The ages obtained for the sections at Netanya South Cliff and at Wadi Netanya South 

range between 87 ka (NET 15 IR-OSL) to 0 ka (WNS 14 lR-OSJ. and '1'L. WNS 15 'J'L) 

(rable 6.4c). For the lower part of the Netanya South Cliff section the JR-OSL and TL 

ages range between circa 60 and 30 ka (NET 1 - NI·:T 4, NI·:T 7 - NI':T 18). LXCl'ptions 

are the samples NET 4 and NET 15 for which much higher lR-< )SI. ages wen~ obtainl,d 

(Figure 6.41). Oyerall for the lowcr part of the section no lkcreas(: of age from the 

bottom to the top can be observed, There is a very distinct hiatlls of about ",,0 ka 

between the hamra and the underlying aeolianite. h,r the upper part of the section. ages 

between 15 ka (NET 19 IR-OSL) and 2.8 ka (NI'T 24 lR-OSL) were lktl'rmined. 

Generally the ages of the younger part of the section decreasl' towards the top (l-'igure 

6.41). Two additional samples (NET 5 and N 1,:'1' 6) taken from an al'olianite further 

North, which can laterally be traced to belong stratigraphically below the section in the 

South. show ages between 61 ka (NET 5 IR-OSL) and 37 ka (NI'T (, !R-()SL and '1'1.) 

(Figure 6.4m) and generally match the ages obtained for the lower part of the more 

southern Netanya South Cliff scction. 

In the Wadi Netanya South the ages of samples from two sections Wl're obtail1l'd CJ'ahle 

6.4c). At the eastern section a weak soil was dated to 56 ± 8 and 55 ± 8 ka (WNS 1(, JR­

OSL and TL) (Figure 6.4n). Thc samples takcn further towards the top of the sl'Ction 

show a dramatic decrease in age. For sample WNS 19 from the upper part of a hal11ta 

horizon an IR-OSL age of 15 ± 2 ka and a '1'1. age of 14 ± 2 ka was obtained (hgure 

6.4n). 

For the more western section at the Wadi Netanya South much younger ages were 

obtained for samples WNS 10 to WNS 15 (hgure 6,40). h'r sample WNS 10 an lR­

OSL age of 6 ± 2 ka and a '1'1. agc of 5 ± 1 ka was determined. The ages dl'crease 

systematically from the bottom to the top of the section to modern/recent ages (WNS 

14, WNS 15) (Figure 6.40). The luminescence ages arc discllssed in Chaptn 7.2.1. 
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Table 6.4c: Luminescence dating results for the sections at Netanya South Cliff and Wadi Netanya South. 

Sample 

NETl 

NET 2 

NET 3 

NET4 

NET 5 

NET 6 

NET7 

NET 8 

NET 9 

NET 10 

NET 11 

NET12 

NET13 

NET 14 

NET15 

NET 16 

NET 17 

NET 18 

NET19 

NET 20 

NET 21 

NET 22 

NET 23 

NET 24 

Depth 

(m) 

35.10 

34.30 

33.30 

32.70 

14.50 

12.00 

31.80 

29.40 

27.10 

25.70 

24.30 

22.80 

22.30 

21.60 

20.50 

1600 

11.00 

7.80 

660 

4.60 

410 

1.30 

0.90 

010 

D.IR-OSL 

(Gy) 

66.15 ± 8.13 

61.98±4.18 

84.08 ± 13.75 

62.89 ± 4.48 

74.21 ± 8.66 

60.23 ± 7.37 

49.29 ± 6.38 

62.51 ± 5.77 

63.91 ± 10.89 

66.22 ± 6.12 

45.04 ± 3.95 

47.39 ± 7.44 

54.38 ± 6.08 

55.29 ± 7.37 

82.26 ± 21.72 

53.62:':9.19 

54.91 :: 6.23 

68.66:': 6 08 

1894::172 

18.20:: 3.88 

15.34:: 1.14 

681 = 0 30 

1208 = 0 53 

509=015 

D.TL 
(Gy) 

56.74 ± 5.39 

57.50 ± 1.75 

55.29 ± 6.08 

67.29 ± 5.54 

61.07 ± 4.48 

57.65 ± 5.39 

39.19 ± 5.09 

53.01 ± 5.77 

53.92 ± 9.55 

64.43 ± 5.97 

45.57 ± 4.03 

48.38 ± 4.63 

63.50 ± 8.73 

49.90::: 6.00 

54.69:::3.19 

45.04:! 714 

51.88:! 7.60 

6828 ± 365 

1320 = 1.27 

11.71:::1.64 

8.51 = 0 53 

5.39= 0 30 

684=023 

585±0.38 

Grain size 

(I'm) 

132.5 ± 7.5 

112.5 ± 12.5 

132.5 ± 7.5 

112.5± 12.5 

132.5 ± 7.5 

150.0 ± 10.0 

150.0 ± 10.0 

150.0 ± 10.0 

150.0 ± 10.0 

150.0 ± 10.0 

150.0 ± 10.0 

150.0± 10.0 

150.0 ± 10.0 

150.0 ± 10.0 

170.0 ± 10.0 

170.0 ± 10.0 

1500 ± 10.0 

1700 ± 10.0 

1900:: 10.0 

190.0", 100 

250 '" 25 0 

1900:,: 10.0 

190.0::100 

190.0 = 100 

Water Uranium 

(%) (ppm) 

5 ± 1.5 0.60 ± 0.04 

5 ± 1.5 0.65 ± 0.05 

5 ± 1.5 0.73 ± 0.05 

5 ± 1.5 0.82 ± 0.06 

5 ± 1.5 0.69 ± 0.05 

5 ± 1.5 0.62 ± 0.04 

5 ± 1.5 0.40 ± 0.03 

5 ± 1.5 0.49 ± 0.03 

5 ± 1.5 0.38 ± 0.03 

5 ± 1.5 0.44 ± 0.03 

5 ± 1.5 0.35 ± 0.02 

5 ± 1.5 0.44 ± 0.03 

5 ± 1.5 0.33 ± 0.02 

5 ± 1.5 0.41 ± 0.03 

5 ± 1.5 0.33 ± 0.02 

5 ± 1.5 034 :: 0.02 

5±1.5033=0.02 

5:,: 1.5 042::0.03 

9 ± 3 0.48", 0.03 

9 ± 3 061 ::: 0.04 

5 ± 1.5 048 = 0.03 

5 ± 1.5 0.41 = 0.03 

5 = 1.5 0.54:,: 0.04 

5 :! 1 5 067 = 005 

Thorium 

(ppm) 

0.95 ± 0.07 

0.89 ± 0.06 

1.27 ± 0.09 

1.92±0.13 

0.97 ± 0.07 

0.98 ± 0.07 

1.02±0.07 

1.09 ± 0.08 

0.86 ± 0.06 

1.29± 009 

0.89 ± 0.06 

1.16 ± 0.08 

0.89 ± 0.06 

1.16 ± 0.08 

0.90 ± 0.06 

0.82 ± 0.06 

101:': 0.07 

1.06:: 0 07 

1 62:: 0.11 

157:,: 0.11 

0.62 = 0.04 

065:,: 0 05 

0.74 = 005 

1.55:,: 011 

Potassium 

(%) 

0.52 ± 0.04 

0.55 ± 0.04 

0.58 ± 0.04 

0.59 ± 0.04 

0.63 ± 0.04 

0.63 ± 0.04 

0.44 ± 0.03 

0.41 ± 0.03 

0.55 ± 0.04 

0.58 ± 0.04 

0.51 ± 0.04 

0.55 ± 0.04 

0.46 ± 0.03 

0.53 ± 0.04 

0.45 ± 0.03 

0.42 ± 0.03 

045 ± 0.03 

0.38 ± 0 03 

0.42 ± 0.03 

040 ± 0.03 

013±001 

014 ± 0 01 

0.17±001 

037 ± 0.03 

Cosmic 
dose 
(IJGy/a) 

12 

12 

13 

13 

42 

51 

14 

16 

18 

19 

21 

23 

24 

25 

27 

37 

56 

77 

88 

111 

118 

170 

180 

201 

Total dose 
(I'Gy/a) 

1207 ± 52 

1185 ± 60 

1326 ± 54 

1358 ± 62 

1368 ± 54 

1411 ± 57 

1138 ± 50 

1141±50 

1229 ± 56 

1309 ± 57 

1189 ± 56 

1274 ± 56 

1139 ± 50 

1246:,: 56 

1195 ± 51 

1173:,: 51 

1171 = 50 

1215:,: 51 

1352 ± 56 

1384 = 57 

1176::: 93 

1109=47 

1187 = 48 

1493 = 57 

Age 

IR.QSL 

(ka) 

55± 7 

52± 4 

63± 11 

46±4 

54±7 

43± 6 

43±6 

55± 6 

52± 9 

51 ± 5 

38±4 

37 ±6 

48±6 

44±6 

69:,: 18 

46:!8 

47 ± 6 

57:,: 6 

14:,: 1 

13 = 3 

13::: 1 

6:::04 

10 = 0.6 

3=02 

Age 

TL 

(ka) 

47 ± 5 

49 ± 3 

42± 5 

50 ± 5 

45 ±4 

41±4 

34 ± 5 

46± 5 

44± 8 

49 ± 5 

38±4 

38 ±4 

56± 8 

40 ± 5 

46:: 3 

38 ± 6 

44 ± 7 

56::: 4 

10::: 1 

8:,: 1 

7:: 0.7 

5 = 0.3 

6=03 

4::: 0.3 

Ratio IR· 
OSLagesl 
TL ages 

1.17 

1.08 

1.52 

0.93 

1.22 

1.04 

1.26 

1.18 

1.19 

1.03 

0.99 

0.98 

0.86 

1.11 

1.50 

1.19 

106 

1.01 

1.43 

1.55 

1.80 

1.26 

1.77 

0.87 
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Table 6.4c: Continued. 

Sample Depth D.IR-OSL D.TL Grain size Water Uranium Thorium Potassium Cosmic Total dose Age Age Ratio IR-
(m) (Gy) (Gy) (11m) ("!o) (ppm) (ppm) ("!o) dose (IiGy/a) IR-OSL TL OSL agesl 

(IiGy/a) (ka) (ka) TL ages 

WNS 10 3.20 5.98 ± 1.79 538±1.20 150 ± 50 5 ± 1.5 0.37 ± 0.03 0.95 ± 0.07 0.23 ± 0.02 132 1043 ± 161 6±2 5 ± 1 1.11 

WNS11 2.55 3.59 ± 1.20 3.59 ± 1.20 150 ± 50 5 ± 1.5 0.44 ± 0.03 1.23 ± 0.09 0.29 ± 0.02 144 1153 ± 159 3 ± 1 3 ± 1 1.00 

WNS12 2.00 4.19 ± 1.20 150 ± 50 5 ± 1.5 0.46 ± 0.03 1.32 ± 0.09 0.32 ± 0.02 155 1205 ± 159 3 ± 1 

WNS 13 1.60 1.79 ± 0.60 2.39 ± 0.60 150 ± 50 5 ± 1.5 0.41 ±0.03 1.26 ± 0.09 0.31 ± 0.02 163 1186±160 2±1 2±1 0.75 

WNS14 1.15 0.60 ± 0.60 1.20± 1.20 150 ± 50 5 ± 1.5 0.47 ± 003 147±0.10 0.36 ± 0.03 173 1276 ± 159 0.5 ± 0.5 1 ± 1 0.50 

WNS 15 0.70 0.0 ± 0.59 150 ± 50 5 ± 1.5 035 ± 0.03 0.87 ± 0.06 0.29 ± 0.02 185 1141±162 0+0.5 

WNS16 6.00 65.97 ± 2.36 64.20 ± 4.12 150 ± 50 5 ± 1.5 0.35 ± 0.03 1.11±0.08 0.40 ± 0.03 94 1175 ± 160 56 ± 8 55 ± 8 1.03 

WNS17 4.75 50.07 ± 1.77 45.94 ± 2.36 150 ± 50 9±3 0.44 ± 0.03 1.39±0.10 0.43 ± 0.03 109 1232 ± 160 41 ± 5 37 ± 5 1.09 

WNS 18 4.25 33.32±1.19 32.13±1.19 150 ± 50 9±3 0.44 ± 0.03 1.44±0.10 0.42 ± 0.03 116 1234 ± 160 27±4 26±4 1.04 

WNS 19 3.65 19.04±1.19 17.85 ± 1.79 150 ± 50 9±3 0.46 ± 0.03 1.70 ± 0.12 0.40 ± 0.03 125 1250 ± 160 15 ± 2 14 ± 2 1.07 

WNS20 3.00 150 ± 50 9±3 0.30 ± 0.02 0.74 ± 0.05 0.21 ± 0.01 136 
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CHAPTER 7 

Discussion and Interpretation: Significance for climatic 
and environmental change 

In Ibe .fin"! part Ibe melbodi((J1 reJ/,litJ.fivm Ibe JI/I{!Y ~/ Ihe blea(hiJ{~ behiJ"iolll~ pn:beal /1'.1"/.1". }J(liJ~~ 
leJiJ, J~f!,11a/ if!j7l1mt'eJ q/ tbe mmbifled metlJJlremmtJ, I'qllill(lll'fIl dOJl'J (/1/(1 dOJilJl('/~)' f1'.mIIJ are 

diJ(II.I"Jed. The Jecofld part q/lbe cbapler (o11laiflJ Ihe ,~eodllY}f/ol(~~i((J1 diJ(//.I~\"iof1 (/fld ill/erpn'ltllioll (!/ 
Ibe dala. Tbe dalillg reJII/IJ q/lhe .rin,gle JileJ are diJ"cIIJJed and (om'la/l'd tJt't'orrlif{~ 10 IIieir IlImiIlI'Jt'I'IIt'e 

ageJ 10 Ibe marine o.,,:ygm i.w/ope J/a~~e.r and EaJlem Medilemlflctlf/ dill/tIle et'Cfl!J; ((mdaliollJ )Jlilb 

IJlmifleJCeflt'e data oblaimd.fivm olber aeoliallile and pal(/t'OJol Jl'qlft'flt'CJ alof~~ I/It' Carmd tlml Shlm)II 

(O(I.rI(l1 plain.r are diJCIIJJed. A !leW dimale-ellenl-J/ra/~~rapbi((Jlm()del iJ J/~~~('J/('(/jf),. Ihe dl'poJi!.\" ill Ibl' 

Cannel and Sliaron (OaJ/(/1 P/(/iflJ. 
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7.1 Methodological discussion and interpretation 

7.1.1 Discussion of the results on the luminescence properties of the used 
dosimeters 

The results on the properties of the used dosimeters presented in Chapter 0.1.1 arc 

discussed below. 

Bleaching behaviour 

The results on the bleaching behaviour of the dosimeters which were tested on three 

samples representing sites from the North to the South of the investigateu area lie 

within expectations. The IR-OSL signal is bleached faster than the TL signal anu can in 

contrast to the TJ, signal be reduced to a zero value, which is important for the.' later 

discussion (Chapter 7.1.2). The results of the bleaching tests on the thrt'e different 

samples are relatively uniform and no particular differences causcu by geographical 

position or different mineral compositions can be observed. The results show that the 

basic requirement of bleachability of the uscd dosimeter is fulfilled and that the used 

potassium-rich feldspar dosimeters regarding their bleaching behaviour arc fit for dating. 

Preheat 

The preheat tests showed a gencral diffcrence between an auditive or rt'genl'rative 

approach. The additively carried out preheat tests showed that a preheat temperature of 

2300 C for onc minute is an adcquatc preheat for an auditive approach of e4uivalent 

dose determination and for most of the tested samples. Would the determination of the 

equivalent doses have been carricd out regeneratively a preheat temperature of 24()0 C 

or somewhat higher would have bcen more suitable to usc regarding preheat plateau 

temperatures. 

fading 

The fading tests showed different results for uifferent sites. Tests on samples from the 

North, from Habonim Quarry, showed no fading for lR.-OSL or TL measurements and 

observed deviations from the initial values by 10 - 15 D,O can be considered as trend of 

mean data. The results of the fading tests on the samples from thl' site South of Power 

Station arc split. For two samples no fading could be detected and the scatter of the 

obtained values lies within the trend of the mean data. But for one sample from the site 
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the obtained values decreased with increasing storage times to about HO 0/" of the initial 

value. In this case fading of the signal for the particular sample cannot be excluded. The 

IR-OSL and TL signals from two samples from further South from the Netanya South 

Cliff section also decreased with increased storage times and showed fading of the 

signals of about 25 % during the time of storage. While in the North on the tested 

samples of Haborum Quarry no fading could be detected, further South a 20 - 2S "II of 

observed signal loss on the samples (SOP 5, NET 5, NEI' 10) points towards some 

fading over the observed storage time. If the data show a general North-South trend in 

fading rates is uncertain as only a small number of samples were tested. The findings arc 

congruent with some minor fading observed on samples of the sl'ction (iivat ()Iga 

which is located like the section Netanya South Cliff at the Sharon coast escarpment 

(FRECHEN et aL 2001). FRECHEN et aL (2004) also observed some minor fading on 

samples from exposures along the Tel-Aviv - Haifa motorway in thl' Carmel coastal 

plain. For all the fading tests carried out in this study it was also noticeable that the 

values obtained after varying times of storage (cp. Chapter 5.1.4) with IR-OSL and TL 

measurements were generally comparable and that there was no distinction between the 

two luminescence methods. 

The luminescence signal for equivalent dose determination of the samples ml~asured in 

this study was detected between 30 and 120 days after the artificial irradiation. " fading 

of up to about 25 % over a storage time of up to 215 days obtained for some of the 

tested samples from the more southern sections can therefore be considered as minor. 

However, the influence of fading on the natural signal could be significant. The ratl' of 

fading on the natural signal would be more progressed than the fading rate after 

laboratory irradiation. The signal measured in the laboratory could therefore bl' higher 

per dose unit in relation to the natural signal, which would result in age underestimation. 

Combined measurements 

To determine the equinlent dose from the 1'1. signal after a preceding IR stimulation 

requires that the natural thermoluminescence si1-,'11al is not altered by the foregoing 1R­

OSL stimulation; further, could the effect of a preceding IR stimulation be different at 

"arying doses. Both aspects have been investigated on the samples} 11)(: and WN SIS. 

The influence of the IR stimulation on the natural '1'L signal was tested in case a) (cp. 

Chapter 6.1.1). Compared with the natural '1'1. signal, with no preceding IR 

measurement, the '1'], signal intensities measured after nrymg times ()f I R-( )SI, 
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stimulation showed no influence on the TL signal for up to 60 s IR stimulation of 

sample HDC and for up to 40 s IR stimulation of sample WNS 15. Differing values of 

± 10 % of the TL intensity/IR-OSL intensity ratios lie within the trend of the mean 

data. For the determination of the cquivalent doses the IR-OSI, was only stimulated for 

up to 25 s prior to the TL measurements so an influcnce of the IR-( )SI, stimulation on 

the natural TL signals is unlikely. 

In casc b) the influence of a preceding IR-OSL stimulation on the Tl, signal by yarying 

doses was investigated. The values of the quoticnt '1'1, intensity divided by the I R-( )SI, 

intensity expressed in per cent of the value of the first quotient showed no influenc(.' of 

the IR on the TL signal for different doses and 25 s of IR stimulation for sample HDe. 

This is different from the data obtained for sample WNS 15, where the TL intensity/IR­

OSL intensity ratios (%) after an initial scatter decrease systematically to ab()ut (,0 "0 of 

the initial value. Therefore influence of the IR-OSL signal measured prior to the TL 

signal cannot be excluded for sample WNS 15 and successiv(.' highc:r <.Iosl'S. The 

corrcsponding doses covcred thc rangc up to about 360 (;y (source - 6 (iy / t min). In 

contrast to most of the dated samples and HDC, is sample WNS 15 very young (recent) 

(cp. Table 6.4c). The dose groups us cd for the cquivalcnt dose dl,termination of sample 

WNS 15 and also the natural signal Iic in thc lowcr dose region compan'd to the 

administered doses of the test. Considering the gcneral trend of the mean data and 

disregarding the scatter of the second to fourth ratio, a possible TL signal loss would 

only have a minor affect on the TL intensity /IR-OSL intensity ratio. Therefore the TL 

measurement of such young samples should not be significantly affected by a 

preceeding IR stimulation of up to 25 s. 

The sample shows that the decreasing TL intensity /IR-OSL intensity ratio may be due 

to a sub-linear increase of the TL signal with higher doses in contrast to the linear 

increase of the IR-OSL signal. Anomalous fading, which could be one possibility for a 

decreasing TL signal after artificial irradiation, sccms in this case unlikely to be the 

reason for the observed data becausc thc aforegoing fading tests showed that if there 

would be anomalous fading of the 1'1. signal intensities it is likely that they would 

change proportionally in the same ordcr as the JR-OSL intensities, in which case thl' 

,-alucs of thc ratios would not dccreasc but would be constant. A l10ther argument 

should also cxcludc scnsitivity changcs with higher irradiation doses, as they arc likely to 

affect both IR.-OS!' and TL intensitics and a strongly linear decreasing effect Oil the '1'1. 



intensity /IR-OSL intensity ratios (%) would be unlikely as the signals derive from 

different luminescence centres. 

7.1.2 Discussion of the obtained IR-OSJ, and '1'1, equivalent doses 

For most cases the equivalent doses could generally be obtained in a straightforward 

way. Where this was not the case it is indicated in the Tables 6.1.2:1, 6. 1.2b and 6.1.2c 

and the reason is given below thc tablcs. One observation which is prominent 

throughout the datasets of the equivalent doses of the differl'nt sitl's is that for a 

considerable number of samples the IR-OSJ, equivalent doses arc systematically higher 

than the TL equivalent doses yet statistically insignificant (cp. Chapter 6.1.2). Ilmveyer, 

for a proportion of data the systematic difference is statistically significant, e.g. for the 

samples HDM, HDC, HAB 4, HAB 6, HAB 7 (hgurl's ().1.2a and 6.1.21». 

Methodologically the background was subtracted from both the IR-OSL and TL 

measurements and the equivalent doses were determined by the intersections of the 

growth curves with the y-value of the finite remainder in the case of TL and with y = () 

for IR-OSL (cp. Chapter 4.11.1). As all three bleaching experiments abo\"l' have shown 

(cp. Chapter 6.1.1), the IR-OSL signal of each of the tested samples can optically be 

bleached to a zero value and an optical bleaching problem is unlikely to he thl' reason 

for the higher IR-OSL equivalent doses. This can be demonstrated on thl' samples 

HDC and NET 17 whose IR-OSL equivalent doses are higher than the '1'J. l'lluivalent 

doses (Figures 6.1.2a and 6.1.2i) and the IR-OSL signals arc also optically hleachable to 

zero (Figures 6.1.1a and 6.1.1c). Additionally, no geographical trend North-South or 

East-West can be observed. Systematically higher JR.-OSL than TL l'lluiYalent dosl's are 

seen in younger and older samples as well as in samples from soil horizons or aeolianites 

alike (cp. Chapter 6.1.2). Fading of the TI, signal intensities can be excludl'd as a reason 

for the observed data as shown before, it would be unlikely that the TI. intensities fade 

and the IR-OSL intensities would not (cp. Chapter 6.1.1). That leaves open at present 

the reason for the systematically higher IR.-OSL equivalent doses and thl' discrepancy 

towards the TL equi\'alent doses. 



7.1.3 Discussion of the IR-RF equivalent doses 

The obtained IR-RF equivalent doses are systematically higher than the IR- SL and TL 

equivalent doses (cp. Chapter 6.2.2). The calculation of the IR-RF age estimates shows 

that they are also systematically higher than the IR-OSL and TL ages, with the exception 

of the samples HAB 4, HAB 5, HAB 8 and HAB 9 whose IR-RF, IR-O Land TJ ages 

are in good agreement within the error margins (Figure 7.1.3). 
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Figure 7.1.3: IR-RF age estimates in comparison widJ the IR-OSL :wd TL ages. 

The comparison of the doses rates of the IR-RF age estimates and the IR-OSL and TL 

ages shows that the doses rates of the IR-RF age estimates are systematically higher 

between 219 and 335 flGy /a (Table 7.1.3a). 

198 



Table 7.1.3a: Total dose rates for IR-OSL/TL and IR-RF age estimates. 

Sample IR-OSUTL dose rates IR-RF total rates Difference in dose 
(~Gy/a) (~Gy/a) rates (~Gy/a) 

HAB 1 1080 ± 155 1397 ± 104 317 

HAB2 1094 ± 155 1411 ± 104 317 

HAB4 1151±157 1486 ± 105 335 

HAB5 1613 ± 156 1903 ± 111 290 

HAB6 1847 ± 157 2112±116 265 

HAB 7 1935 ± 160 2195 ± 120 260 

HAB8 2170 ± 163 2401 ± 127 231 

HAB9 2242 ± 163 2466 ± 128 224 

HAB10 2210 ± 163 2435 ± 128 225 

HAB 11 2206 ± 159 2425 ± 124 219 

HAB13 2073 ± 159 2305 ± 122 232 

HAB15 2070 ± 159 2305 ± 122 235 

For the calculation of the IR-RF age estimates, no alpha-efficiency factor was assumed 

as the grains were treated with hydrofluoric acid which should result in the rl'moval of 

the alpha particle affected portion. The mean penetration range of alpha particles in 

sediments is usually considered to be about 25 11m (cp. Chapter 4.1.1), which is taken 

into account in the calculation of the IR-RI; age estimates. Tests on lluartz grains have 

shown that an even removal of the outer rim of the grain through etching is not thl' case 

and that the grains are affected differently along their surface (e.g. I..\NDI-:H. 2(00). This 

results on the onc hand in largc cavities in the grains and on the other hand in surface 

areas hardly affected by thc etching. This cffcct is probably larger on feldspar grains as 

because of their cleavage they are easier to etch than quartz grains. Also, weathered 

feldspars from a semiarid to arid environments like in the Mediterranean coast in Israel 

should be more strongly affected than for example feldspars from a moderate climate 

zone. It is therefore likely that the investigated feldspars were not e\'l'nly etched and 

remained partly with alpha-affected parts. 

Higher total doses of the IR-RF age estimates can in general be explained in this \vay 

and also with the smaller grain size of 100 to ISO 11m used. Howeyer, an 

inhomogeneous etching of the outer surface layer and left oyer alpha-particle affectl'd 

portions of the grains cannot account for the age differences observed behveen some of 

the IR-RF and IR-OSL/TL age estimates. Left over grain portions affected by alpha 

particles \vould require an alpha-efficiency factor to be considered despite the etching. 
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Although this would increase the total dose rate and therefore reduce the age, the 

maximum effect would not exceed drm 8 % based on an a-value from polymineral fine 

grains. This is considerably less than the difference between the age estimates, so that 

most of the age difference seems to be caused by higher equivalent doses. 

The IR-RF ages of some of the samples (HAB 4, HAB 5, HAB Ii HAH 9) show good 

agreement with other luminescence ages of this study and also, the obtained ratios of 

the natural IR-RF intensity divided by the bleached IR-RI; intensity from all 11;lbonim 

samples fit excellently to the exponential distribution curve of ratios from samples of 

other studies (cp. ERFURT 2003a). Problems with the IR-RI; equivalent dose 

determination can therefore be excluded as the reason for the differences observed 

between some of the IR-RF ages and the conventional luminescence ages on sampk's of 

this study. 

ERFCRT (2003b) and ERFURT and KRBETSCIIEK (2003b) discuss Pb I in the lattice of 

potassium-rich feldspar as a possible centre for infrared luminescence 

(radio fluorescence and photoluminescence). They showed by comparing potassium­

chloride (KCl:Pb) and lead-rich potassium-feldspar (KAlSi,OJ (amazonite) that the 

emissions from the investigated centre are relatively independent from the structure of 

the crystal lattice (monoclinic, triclinic). 

BOOET and SCHARER (2001) investigated Pb isotope systematics on K-feldspar grains 

deri,'ed from large rivers in SE-Asia. They found that many lead ratios C'('Pb("4Pb (a), 

2
11-Pb("4Pb (~), 2l1Hpb/2Ii4pb (y» were significantly more radiogenic than ratios known 

from any type of Phanerozoic crust, from what they concluded that recycling of 

Precambrian crust into the source material of the potassium-feldspars must have taken 

place in connection with orogenies. The high radiogenic Pb ratios indicate high Th/l ~ 

source material BODET and SCH.\RER (2001). As the Nile river, from which the Israeli 

K-feldspars derive, cuts through about 6,000 km of African crust and the geological 

situation is similar to that in SE-Asia, in that parts of the old Precambrian material 

would have been recycled in later orogenies, higher radiogenic lead ratios can also he 

expected for the potassium-rich Israeli feldspars. However, a possibly higher 

concentratlon of Pb - centres in the Israeli feldspars is not connl'ctl'd with the 

dosimetric properties of the IR-RF (cp. ERFL1RT 2003b). Therefore the reason for the 

higher IR-RF ages is still uncertain. 
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7.1.4 Discussion of the results of the gamma spectrometry 

The gamma spectrometry results of the uranium and thorium contents in the aeolianites 

of the Israeli ~Iediterranean coastal plains show variations from the average Thl II ratio 

of the Earth's crust of 3.5. In the observed samples Thill ratios range from O.31J 

(HAB 3) in aeolianites to 5.62 (HAB 10) in soils (cp. Chapter 3.2.1 amI Table 7.1.4a). 

These ratios are not untypical for dune sand or aeolianites where the thorium content is 

usually lower compared to the average crust ratio. I t can be seen from the distinction (If 

aeolianite and soil horizons in the obtained data that the thorium concentration raises 

with the fraction of fInes in the soils. This can particularly be observed in the samples 

from the pedocomplex section in the East-wall at Habonim (~uarry, whl're thl' vertiso) 

shows the highest thorium contents from all measured samples of this study (cp. 

Chapter 3.2, Tables 6.3.1d, h, 1). Vertisols are soils with very high amounts of fInes (cp. 

Chapter 3.1.2). Overall it can be seen that the samples from the Netanya South Cliff 

sections and the Wadi Netanya South sections show relatively uniform Thill ratios for 

the aeolianites and the soils between 1.29 (NEl' 21, aeolianite) and 3.70 (WNS 19, 

hamra) (fable 7.1.4a). Usually the soils show higher thorium contents than the 

aeolianites, but comparatively high thorium concentrations arc not limited to soils only 

and can be also observed in aeolianites (3.06 NET 17) and I,ia' I'CI:ra regosols/arl'noso1s 

can show comparatively low thorium contents (1.37 NET 23). 

Considering that the sediment sources of the Israeli dune sands should not have 

changed dramatically over the observed time span, higher thorium concentrations in 

relation to uranium concentrations are most likely reflecting the accumulation of fines in 

sand and soils through dust storms in the area. This might also indicate phases of sand 

s tabilisa tion. 

The sections further North, South of Power Station and Seashore Power Station, show 

similar Th/C ratios to the sections at Netanya South. h)r thl' section in the )<::lst-wall at 

Power Station Quarry the Thill ratios show a considerably higher thorium 

concentration for the pedocomplex compared with sections further south. Highest 

Th/l- ratios can be obselyed in the vertisol (4.35 PSQ 7) and in the hamra (4.4H PS(~ 5) 

(fable 7.1.4a). Similar results were obtained for the samples from the pedocomp\cx at 

the East-wall at Haborum Quarry. The higher thorium concentrations arc cll-ady 

connected with the higher concentrations of fines in the palaeosols, particularly in the 

yertisols of the pedocomplexes at Habonim Quarry and at Power Station (Juarry. 
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While the obtained U ITh ratios for well developed soils and aeolianites arc relatively 

uniform in the South (Netanya South Cliff, Wadi Netanya South) they vary considerably 

in the North (Habonim Quarry) (fable 7.1.4a). This might also reflect the influence of a 

lessening amount of precipitation towards the South (cp. Chapter 1..1.1) and possible 

connected variations of radioactive disequilibria. Although the formation of aeolianites 

invoh'es the solution of carbonates and their precipitation (cp. Chapter 1.1), the 

carbonate transport in the solution is limited to a few centimetres before precipitation 

takes place, so that possible radioactive disequilibria arc thought to be initially limitl'd to 

a relatively small area of a few centimetres. With increasing carbonate consolidation of 

aeolianites, increasing radioactive disequilibria can be expected. 

The measured isotope concentrations for the uranium decay series do not distinguish 

whether there are radioactive disequilibria at the beginning or the end of the decay 

chain. However, possible disequilibria caused by the gaseous radioisotope 222Rn can be 

detected. The ftrst isotope measured is 22('Ra, followed by peaks for 21"pb and 211Bi (cp. 

Figure 4.13.2c). If the concentrations determined for the peaks of 21~Pb and 214Bi arc 

much lower than the concentration of 22(Ra it is likely that a disequilibrium is caused for 

example by the loss of 222Rn. For most of the samples the concentrations obtainni from 

measured peaks are relatively consistent with each other so that diselJuilibria do not 

show in the obtained results (fables 6.3.1a, e, i). However, examples for a possible 

radon loss can be observed in the results for the samples N 1<:'1' 20, N Jo:T 21 and N F l' 

23, where the concentration of 22('Ra is considerably higher than the concentrations 

determined for 214Pb and 214Bi (fable 6.3.1 i). 

Disequilibria at the beginning of the thorium decay senes cannot be detected with 

gamma spectrometry. The ftrst isotope to be measured is 22M Ac whose concentrations 

d h f '!OPb ' 101>' d '11M- '1 "h I f "K \ d 1 I 11 can be compare to t ose 0 - - ,- - ~1 an - I. 1 e oss 0 -- / C aug Hers s 10U l 

result in lower concentrations of 212Pb, 212Bi and 211M-n The obtained concentratiol1S for 

the isotopes of the thorium decay series arc not so uniform for anyone sample than the 

concentrations of thc isotopcs of the lTranium decay series but diselluilibria cannot 

generally be detected from the obtained data (rabIes 6.3.1 b, f, j). 

Sinlliar to thc thorium concentrations the obtained potassium concentrations also show 

higher \'alues for soil horizons compared to aeolianites (rabies (d. 1 d, h, I). 
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Table 7.1.4a: Thorium/Uranium ratios for the samples HAB, HAB-II, HDM, HDC, PSQ, SOP, 
SPS, NET and WNS. 

Sample Th/U ratio Sample Th/U ratio Sample Th/U ratio 

HAB 1 0.34 PSQ2 2.45 NET 1 1.58 

HAB2 0.86 PSQ3 3.87 NET2 1.37 

HAB3 0.39 PSQ4 4.18 NET 3 1.74 

HAB4 2.07 PSQ5 4.48 NET4 2.34 

HAB5 4.18 PSQ6 4.11 NET5 1.41 

HAB6 4.49 PSQ 7 4.35 NET6 1.58 

HAB7 5.00 PSQ 10 1.72 NET 7 2.55 

HAB8 5.10 PSQ 12 1.48 NET 8 2.22 

HAB9 5.56 SOP 1 2.59 NET9 2.26 

HAB10 5.62 SOP3 2.52 NET 10 2.93 

HAB 11 4.70 SOP4 2.47 NET 11 2.54 

HAB12 4.43 SPS 1 2.82 NET 12 2.64 

HAB14 0.52 SPS5 3.54 NET 13 2.70 

HAB16 1.37 SPS 7 2.38 NET 14 2.83 

HAB-II-1 0.49 SPS 8 2.23 NET15 2.73 

HAB-II-4 0.56 NET 16 2.41 

HAB-II-5 5.31 NET 17 3.06 

HAB-II-9 0.94 NET 18 2.52 

HOM 1.04 NET 19 3.38 

HOC 1.17 NET 20 2.57 

NET 21 1.29 

NET 22 1.59 

NET 23 1.37 

NET 24 2.31 

WNS 10 2.57 

WNS 11 2.80 

WNS 12 2.87 

WNS 13 3.07 

WNS 14 3.13 

WNS 15 2.49 

WNS 16 3.17 

WNS 17 3.16 

WNS 18 3.27 

WNS 19 3.70 

WNS20 2.47 
---~-------~------



7.1.5 Discussion of the beta counting results 

The results of the beta counting of five samples (cp. Chapter () .. ).2) show a clear 

difference between the preparation methods used (cp. Chapter 5.1.1). The potassiutn­

rich feldspars from samples NET 18 and NET 24 of the Netanya South Cliff section 

were separated in Cologne with a centrifuge. The obtainl't\ rl'sults from thl' heta 

counting on these samples show concentrations for the intl'rnal potassium content, 

which are stoichiometrically too low. This points towards a pOOl" separation between 

potassium-rich feldspar grains and quartz grains. In contrast to that good results for the 

internal potassium content were obtained for the sampk's that Wl'rl' sepanltl'd with 

separating funnels in Cheltenham. This shows that a separation in funllds can hl' \'l'ry 

successful and also that values by HUNTLI':Y and B.\RII. (11)<)7) givl'n for the internal 

potassium content on theoretical grounds are a good estimate for the intl'rnal potassium 

content of potassium-rich feldspars. 
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7.2 Geochronological discussion and interpretation 

7.2.1 Habonim Quarry, Dor-Habonim Nature Reserve l\tiddle Ridge and 
Dor-Habonim Nature Reserve Coast 

The luminescence ages obtained for the aeolianite unlll-rneath thl' pedm:()l1lpil-x at thl' 

East-wall in Habonim Quarry range from 150 - 107 ka (cp. Jo'igurl' ().4a and Tahle ().·h) 

and indicate deposition during the transition from late oxygen isotope stage (l\l1S) () t() 

MIS 5 (cp. Figure 7.2.1a). The TL value of ~L\B 1 () is not indudn\ in thl' intl'rpn'tati()n 

of the age of the aeolianite as it seems to be underestimated. TIll' sedillll'lltati()11 of the 

parent material of the hamra soil follows. Ages ohtailll'd for thl' upper part ()f till' hamra 

soil are in the range of 105 - 85 ka (HAB 5) and indicatl' a lit'position during I\IISs Sc 

Sa. Ages obtained for the deposition of the parent matl'rial of thl' soil h()riz()l1s decl'l'asl' 

further towards the top and are separated by a hiatus. The early phase of soil f()rmati()n 

continued until 82 - 67 ka (HAS 9) showing parent material sedimentation during 1\\ ISs 

Sa - 4. The initiation of a later depositional phase fol1own\ bl'twl'en 5S 44 ka (11.\ B 

10, HAB 11) during the early MIS 3. Anothl'r lkposition fol1()\Vl'd at 4.'\ .'\4 ka (I J.\B 

12, HAB 13) being equivalent with the time of the upper !\lIS .), Considering the medial 

distribution values of the age determinations, the hiatus Seen between thl' two 

accumulation phases (between samples HAB 9 and HAH to), is in the order of iust kss 

than 30 ka and indicates either erosion processes or a pause in accumulatiol1 ()r hot h. 

The pedogenesis of the vertisol is superimposed over thl' hiatus and indicatl's a 

transition to wetter environmental conditions. Increased pl'l'cipitation most likely caused 

the interdune depression to function as catchml'nt for water Juring thl' late I\!IS 4 and 

the very early MIS 3. This view is also aided by the pedological inn'stigations made by 

TS"\TSKIN and RONEN (1999) who confirmed moister environmental conditions. h)r 

the aeolianite above the sampled pedocomplcx, the age of sample 11;\ B 14 could not bl' 

obtained (cp. Table 6.4a). 

The section at Habonim East-wall was also dated with radio-thermo}uminl'scl'ncl' (R'l'L) 

after VL\SO\' and K.CLIKO\' (1989) by L. \ 1I KIIIN, Radiochemist ry I.aboratory of 

Moscow State University (RONEN ('/ a/. 1999). Radio-thernlO}uminl'sCl'nCl' (RTI.) is 

thermoluminescence (fL), only, that the excitation energy is statl'll first. The RTI. datl' 

obtained for the aeolianite above the pedocomplcx is .'\() ± 7 ka (R()i\; I'~N d til. I ()()(»). 

which is in congruence with the data obtained in this study for horiz()ns belo\\' the 
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aeolianite and places the sedimentation of the aeolianite in the late Ml '3. The RTL date 

of 160 ± 40 ka detenruned for the aeoljanite underneath the ped c mplcx ranges from 

200 - 120 ka (RONEN et (II. 1999). 
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Figure 7.2.1a: Correlation of the dated deposits (sedimelltation ages) of Habollim Qllflrry (HAB), 
Dor-Habollim Nature Reserve Middle Ridge (I-lDM) :md Dor-Haboflim Nt/ture Rt'serve 
Coast (HDC) with the speleothem oxygen isotope record, marille i olope SfllgcS (MI5), 
sapropels (51, 53-55) and periods of enhallced minf.'111 (#f-#V) in 'he Cflslem 
Mediterranean (BAR-MA 1THEII7S el aL 2000). 

which would place the sedimentation of the acolianite in the latest part of ML 7 to ea rly 

MIS 5 (MIS 5e) covering the whole MIS 6. T he margin of error of this \tTL dat . is too 

large to allow a more deflnate correlation with the oxygen isotope stages. Within th 

margins of error the RTL date does oot contradict the ages obtai.ned for thc :tcolianitc in 

this study. An RTL date obtained from the lower part f the hamra horizon just ab v' 

the underlying aeolianite showed an age of 107 ± 27 ka (RONEN e/ (I/. 1999) :tllowing for 

the deposition of the parent material of the hamra soil to have taken plnce between 154 

_ 80 ka . A further RTL age in the upper part of the hamra horizon was determined at 

130 ± 33 (163 - 97) ka (RO E et al. 1999). Again, within the margins of error, these 

. . ·th the IR- L d l~L RTL ages are 10 congruence WI an ages obtained in this study. The 

RTL age obtained from the vertisol 90 ± 2 (110 - 70) ka (RON E e/ til. '1999) scem ' 

because of its age to be obtained frot1l the parent material of the soil from undemearh 

the above described hiatus. Overall, the tnedial values of the RTL dates 0\UN I':N e/ (I/. 
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1999) for the lower parts of the section arc generally somewhat higher than thl' values 

obtained in this study, The RTL agcs (RON EN e/ tJl. 1999) show also for the lower and 

older parts of the section large margins of error which prevent a meaningful correlation 

with the oxygen isotope stages, The RTL age obtained for the pseuuogley (R( INI':N C'/ ai, 

1999, TS.-\TSKIN and RONEN 1999) is 45 ± 10 (55 - 15) ka, which is in cotlgrllelln' 

within the margins of error of the IR-OSL and '1'1. dates, both .'H ± .~ (41-- .~5) ka, 

obtained in this study, 

The ages obtained for the samples HAS 1, HAB 2 and HAB 1 from the section IIAB 

North-wall, range between 69 - 45 ka and can clearly be correlated with 1\1 IS 4- and early 

MIS 3. The sand accumulation most likely took place shortly before thl' sapropd S2 

formation and also in the immediate proximity of a few metres distann' f!"Om the 

location of the palacosol complex, for which during MIS 4 and the vcry l'arly MIS 1 a 

hiatus in the sedimentation record is indicated. The aeolianite unuefl1l'ath the soil of 

section HAB-II showed an age between 149 - 114 ka and can therl~\Vjth hl' cOln'latl'l1 

with the late MIS 6, The soil and thc other sampled aeolian itt's arc much younger and 

accord with ages between 86 - 41 ka to MIS Sa to lower MIS 3, The okkr ae()liatlitt~ 

depositcd during MIS 6 can bc correlated with a part of the aeolian itt, lInlkrneath the 

pedocomplex. The parent material of the soil in the section H A B- I I was synchronously 

deposited with the sediment of the upper part of the hamra soil in the pedc )cotl1plex 

around MIS Sa to the early MIS 4, The hiatus l)(,~tween the older aeolianite and tht, 

deposition of the parent material of the soil in section HAB-I1 is very largt' and ()f the 

order of around 50 - 60 ka, for which no record has prevailed, 

The ages obtained for the aeolianites at the Dor-Habonim Natuf(' Rest'n't' l\tiddk Ridge 

(HDM) and at Dor-Habonim Nature Reserve Coast (I-IDC) arc difficult to corrclate, as 

there is a strong discrepancy betwecn the IR-OSL and the '1'1. rt·sults. Considering the 

overall higher IRSL results as mentioned before (cp. Chapkr 7.1.2), it seems likely that 

the TL ages of these two samples are morc reliable than the I R-( )SL Olles. ;\ c()rrelatioll 

of the two samplcs according to their TL age estimates shows that the sampled 

aeolianite from the middle ridge would have been deposited during f\lIS 4 to the l'arly 

MIS 1 and would be contemporaneous to the aeolianite above thl' s()il horizon in 

section HAB-II and to the aeolianites of HAB North-wall (hgme 7.2.1a), while the 

sampled aeolianite at the coast would be younger and tit-posited during l\IIS .\ 

corresponding to the upper aeolianite formation above the pedocomplex. 
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7.2.2 Hadera Power Station Quarry, South of Power Station and Seashore 
Power Station 

The pedocomplex at the East-wall at Hadcra Powcr Station shows, like thl' 

pedocomplex at Habonim Quarry, a succession from hamra horizons to a \'l'l"tisol and is 

also placed in an interdune depression. Thc sedimentation ages for the parent matl'rial 

of the pedocomplex range from 33 ka to 6 ka and werl' depositl'd in latl' MIS 3, MIS 2 

and early MIS 1 to the time of sapropel S 1 formation, considering thl' JR.( )SI. agl'S. h)t 

the upper two samples of the pedocomplex no TL ages could bl' dl'terminl'd (cp. Table 

6Ab), but the obtained TL ages indicatc also a scdimentation during t\IIS 2. I\lost likdy 

the depression acted as a catchmcnt for cxcess water so that tint's likc clay could 

accumulate which allowed thc vertisol to form and to sliperimposl' the underlying 

hamra. The underlying aeolianite of thl~ pedocomplex was sampled dSl'wlll'rl' (cp. 

Figure 3.2.2b) and showed agcs betwcen 57 to .19 ka (PS(~ I), which places its 

sedimentation into MIS 3 (cp. Figure 7.2.2a). 

The section in the West-wall of thc quarry showcd a lower aeolianite and a kns likl' 

intercalated weak soil followed by an upper aeolianite. The sedimelltation agl's of thl' 

parent material of the lower aeolianite and thl' weak soil rangl' hetwl'l'n 102 ()X ka 

which correlates with MIS 5c to the early MIS 4. The weak soil cannot bl' distinguished 

by the luminescence ages from the aeolianitc below, but it is likdy that the weak soil 

formed during moister and perhaps somcwhat warmer conditions for l'xampk during 

MIS Sa. For the upper aeolianite, agcs bctwccn .D - 21 ka were determined which 

places its sedimentation in late MIS 3 (Figurc 7.2.2a). 

In the section South of Power Station furthcr West (cp. hgure 3.2.2a) two wl'ak soils 

(regosol/arenosol) are intercalated between aeolianitl's followed by a hamra ahovl'. The 

weak soils cannot be distinguished from the aeolianites through the luminescellCl' ages. 

Ovcrall thc wcak show soils somewhat older ages than thl' l()wer al'()lianite, which for 

stratigraphical rcasons is not credible (cp. hgure 7.2.2a). Tht, oi>tained agl's of the 

acolianites and thc wcak soils rangc betwecn 56 - 2H ka and corrdatl' with MIS .'>. Thl.' 

wcak soils (regosols/ arcnosols) are likely to have hel'n devel()ped during slightly m()ister 

phascs of carly MIS 3, pcrhaps connected with the sapropd S2 formati()n. Thl' above 

developed hamra marks with deposition ages bet\veen 27 -- 17 ka the transiti()n from the 

cnd of MIS 3 to thc Last Glacial Maximum (L(;M) of MIS 2. Thl' parmt material of the 

hamra at the section South of Power Station was acc()rding to the IUl11inl'sn'l1Cl' agl's 

scdimentated contemporaneously with the parent material of the hamra of the Power 



Station Quarry East-wall section. The upper aeolianite at the section , lith f P wer 

Station correlates according to the ages with the aeolianite underneath the ped complex 

at Power Station Quarry (PSQ 1) (cp. Hgure 7.2.2a). 
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Figllre 7.2.2a: Cone/ation of the dated deposits (sedimelltation ages) o f H f,dcrfI Power S tation 
QlIarry (PSQ), SOllth of Power Station (SOP) fwd Seashore POlVer Sf filion (SPS) wi,h 'he 
speleothem o:xygen isotope rocord, mari/Ie isotope stages (MIS), sllpropcJs (S1, 53-S5) 
and periods of enhanced rainfall (#I-#V) in tlle eastem Mediterrtlllellll (BAR-MA1TIIBl flS 

et a/. 2000). 

At the northern section Seashore Power Station (cp. Chaptet: 3.2.2) acolianjtcs art: 

exposed with ages between 42 - 26 ka, wruch correlates to late Ml 3. The a -'olianites of 

the section Seashore Power Station are seen to be contemporaneous with th· upper 

aeoliarute at the section South of Power Station, also partly with the upper aeotianite at 

Power Station Quarry West-wall and perhaps with t11e lower part of the pedocomplex at 

Power Station Quarry East-wall (cp. Figure 7.2.2a). Above the aeolianites at the 

Seashore Power Station sequence follows a hamra in the s uthern pat:t of the section 

with sedimentation ages of the parent material between 26 - 12 ka. The hamra 

developed most likely contemporaneously with the hal1'U:a horizons in the sections 

South of Power Station and Power Station Quarry ast-wall with similar sedimentation 

ages of the parent materials. Towards the top of the southern pan of the section 

Seashore Power Station, loose sand was deposited between 11 and 0 ka, which 

correlates to MIS 1 (cp. Figure 7.2.2a). 
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7.2.3 Netanya South Cliff and Wadi Nctanya South 

At the eastern part of the section of Wadi Netanya South a \\leak soil (regosol/afl'nosol) 

is exposed at the basement of the Wadi with ages betwl'l~n (}4 - 47 ka. This shows 

sedimentation and development of the soil during the transition from the late ~l1S 4 to 

early MIS 3. Above the weak soil a hamra de\'e1oped (46 - 12 ka) during thl' changing 

climatic conditions of MIS 3 and MIS 2 (cp. Figurl' 7.2.1a). Towards thl' top of the 

sequence follows a horizon of strongly lithified carbonaceous concretions (caliche?) 

from which no luminescence age could be obtained (cp. Table 6.4c), hut becausl' of its 

sandwiched position between the lower and the upper part of till' sl'llul'nn' for which 

luminescence ages could be obtained, it is possible to condatl' this carbonan'ous 

horizon with the climatic conditions around the sapropd S 1 formation in ~I1S 1 (cp. 

Figure 7.2.3a). The continuation of the sequence is exposed in the western part of thl' 

Wadi Netanya South section where above the carbonan'ous horizon a nUlllbL'r of 

rcgosols have developcd with the modern sand on top (cp. Table .).2 .. )d). ThL' n.'gosol 

horizons with ages between 8 - 0 ka can be correlated with the timL' of the sapn )pl'i S I 

formation and until recent in MIS 1 (Fi!-,JUrc 7.2.1a). 

The aeolianite of the northern part of the Netanya South (:Iiff section is stratigraphical1y 

positioned below the deposits in thc southern part of the section, but till' obtainnl ages 

between 63 - 37 ka arc not distinguishable from the ages obtailll'd for the lower part of 

the southern section at Netanya South Cliff. The aeolianite in the llortill'1'Il sL'ction at 

Netanya South Cliff can be correlated with late MIS 4 and into MIS ,). 

;\t the southern section various aeolianites alternate with a thicket' regosol and thinner 

regosols/arenosols (cp. Table 3.2.3a). Age-wise the weak soils cannot hL' distinguished 

from the adjacent aeolianites and thc whole sequence of the deposits in the lower part 

of thc section shows ages betwecn 74 - 29 ka, disregarding the IR·< )SI, age of sample 

NET 15 because compared to the TL agc of the same sample and the ages of thl' other 

samples it is considerably overestimated. The aeolianites and weak soils \\ll're depositl'll 

and developed during MIS 4 and MIS:' (cp. hgul'e 7.2 .. )a). The weak soils indicated 

perhaps somewhat moister phases during that time. 

The upper part of the Netanya South Cliff section was depositl'd after a large hiatus 

which coincides with the end of MIS 3 and MIS 2, The luminesL:enn' ages for thL' hamra 

horizons range between 16 - 7 ka covering the end of l'\lIS 2 and the: beginning of l\lIS 

1 towards the Holocene climatic optimum and the formation of sapropel S 1. ,\ho\'e the 



hamra horizons towards the top a strongly lithjfied whjtish aeolianite was deposited for 

which ages between 14 - 4.7 ka were determined and a weak soil (reg I/arenosol) 

with ages between 6.3 - 2.8 ka (rusregarrung for the latter the TR- L a e f sample 

NET 23 wruch seems overestimated). Although the ages of d1e aeolianitc partly verlap 

with their margins of error with the hamra below and the weak soil above it seems clear 

that the hamra developed during the increasingly moister and also warmer 

environmental conrutions towards the Holocene climatic optimum compared t the 

extreme arid and cool conrutions of the LGM and the formati n of sapropel 1, whil ' 

the serumentation and pedogenesis of the weak soil t ok place after the Holoc 'ne 

climate optimum. 
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Figure 7.2.3a: Correlation of the dated deposits (sedimeJltlltiolJ ages) of Neftln)'JI Somh Cliff 
(NET) and Wadi NetalJ),a South (WNS) with the speleotJlCm ox),gell isotope rocord, 
marine isotope stages (MIS), sapropels (51, 53-55) alJd periods of ellh:lIlced mill fi, 1/ (#1-
#11 ill the eastern MediterralJealJ (BAR-Mil TTHEIfIS et Il l. 2000). 

Early data for the Netanya South Cliff section wluch were obta ined with an alternative 

token value of the cosmic dose rate of 150 flG y/a for an average sediment depth and 

rufferent water contents (cp. ENGELMANN et of. 2001) vary from the above data only 

slightly and do not lead to a rufferent interpretation of the deposits (cp. Table 7.2.4g). 

The above published data for the Netanya South Cliff section were later recalculated by 
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FRECHEN et aL (2002) to accommodate attenuation of thc cosmic dosc ratl' with 

sediment depth. FRECHEN et al. (2002) attenuated the cosmic dose rate from a surface 

value (1 m) for the cosmic dose of 150 f.lGy / a given by AITKEN (IIJHS, 1 CJIJH) for more 

northern latitudes. The use of a token value of an average sniimcnt lll-pth for thl' 

cosmic dose rate like in ENGEU.L\NN e/ aL (2001) has the physical advantage that a 

relatively difficult to determine factor is held constant in ordl'r to observl' the dfloct of 

the other parameters on the age calculation more clearly. ()n the other hand, thl' 

method of PRESCOTI' and HUTTON (1994) used in this study allows one, to lktcrmilll' 

the attenuation of the cosmic dose rate with depth for locations at diftl'l"l'nt latitlilks 

(cp. Chapter 5.5.2). However, the large hiatus betwel'n the ImVl'r and till' uPl1l'r part of 

the Netanya South Cliff section makes the determination of till' corrl'ct CI )smic d( 1St.' raIl' 

impossible as erosion rates are uncertain (cp. Chapter 4. LL). 

The deposits at the section in Wadi Netanya South (cp. (:hapter 6.4) yidlkd for thl' 

older weak soil (regosol/ arenosol) at the eastern part of the section agl's hetWl'l'11 (,4 -

47 ka showing a deposition at the end of MIS 4 and the beginning of MIS .). Thl' hamra 

horizons towards the top were dated with deposition ages of the parent mall'rial 

between 46 - 12 ka during MIS 3 and MIS 2. Abovc till' datl'd hamras follows a calichl' 

like carbonate horizon. The carbonate horizon is also found in the datl'd wl'sll'rn part of 

the section Wadi Netanya South, where weak soil horizons and IOOSl' sand arc ahovc. 

For the parent material of the younger weak soil horizons Holoccnl' agl's hl'twel'n H - () 

ka were determined (cp. Table 6.4c). The sand above is recent. 
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7.2.4 Synopsis of the luminescence dating results of aeolianites and 
palaeosols along the Carmel and Sharon coastal plains 

In the Carmel and Sharon coastal plains various sites have..' be..'e..'n inve..'stigate..'d ustng 

luminescence dating techniques. The sites differ considerably in tht:ir stratigraphical 

sequences with alternating lithological units of aeolianite..'s, strong soils (hamras/ 

vertisols), weak soils (regosols/arenosols) and sand. h)r the..' synopsis, till' stratigraphy 

and the obtained luminescence ages from thc sites that an: not suhjt'ct of this stlld~' are..' 

briefly summarised below and compared with the data of this study, 

Carmel coastal plain 

Several sites were dated using exposures at the road cut or in tht: nt:ar vicinity of till' Tt:l 

Aviv - Haifa motorway in the Carmel coastal plain (cp, hgure . I,umilll'scc..'ncc..' datings 

and extensive sedimentological studies are reported in Nlml':R (2{)()2) and I;RFClII':N 1'1 a/. 

(2004). 

Motorwqy km 93 

The northernmost dated site is located at the tnotorway km I),) where a beach rock Oil 

the one side and an aeolianite on the other side arc t:xposed undertle..'ath a hamra, al)(}vt: 

which another aeolianite was deposited. NElmR (2002) charactt:rise..'d till' lowl'!' aeolianite..' 

as Kurkar-i\-type, well-cemented with a massive appearance, cross-hedded and with 

well preselTed structures, representing former barchanoid-like transgrt:ssi\'e dunc..'s (cp. 

FRECHEN et al. 2004), The hamra is described as strongly ct:me IlInl in tht., upper part 

and weakly cemented in the lower part. The lower part could be ide..'ntitit:d as ill .Iilll 

while the upper part shows signs of reworking. The upper aeolianite abO\'l' the hamra is 

characterised as Kurkar-Cl-type with a nodular appearance..' being tht.' rt.'sult of an 

intensive vegetation cover with vertical sand accretion (NI':I\FR 20()2, cpo \:RFUII·:l\; d "I. 

2004). The luminescence datings obtained for the deposits at the site show 

sedimentation ages for the lower aeolianite of 57 ± 11 ka and 51 -t \(I ka .. \ sampk 

from the lower part of the hamra yielded an age of 65 ± <) ka that is sn'n as p()ssihly 

overestimated owing to insufficicnt bleaching of that part of the hamra because (If 

reworking of the horizon and close transport of pellets after heavy rain falls. This is 

contradictionary to the abc)Ye where the lower part of the hamra \Vas dl'scribt.'ll as being 

ill Jiltl while the upper part was reworked (cp. \:RI·:ClII·:i\ 1'1 til. 1()()4). I'()r the c()\'t.'ring 



aeolianite ages of 59 ± 14 and 47 ± 9 ka were determined (cp. I:RI':U II':N d (//. 20(4). 

With the obtained luminescence ages the two aeolianites cannot bl~ distin~uishcd from 

each other nor can the sedimentation phase of the parent matcrial of the hamra (cp. 

Figure 7.2.4a). According to the obtained luminescencc a~es thl' snlimcnts wcrc 

deposited during MIS 4 and MIS 3. Time succession and Illminl'sccnn' a~es (If thc 

deposits are summarised in Table 7.2.4a. 

Table 7.2.4a: Time succession of deposits at Motorway Ian 93. 

IR-OSL ages (ka) Time succession I nterpretatlon In this study 

(FRECHEN et al. 2004) (cp. Neber 2002) 

47 ± 9 Aeolianite C 1 

59 ± 14 

65 ± 9 Hamra upper part reworked 

Lower part in situ MIS 4 to first half MIS 3 
--

51 ± 10 Aeolianite A 

57 ± 11 

--- Beach rock Marine transgression MIS 5e 

At/il Railroad Bridge 

At Atlit Railroad Bridge, motorway km 90, was a lar~l' scction incllldin~ a palal'm:liff 

investigated on the seaside of the ridge (cp. NEBER 2()()2). Thc samplcs for thc 

luminescence datings were taken from the southcrn part of that sl'cti()ll. 1'01' tht' 

stratigraphically lower aeolianite, which is identified by NI':BI-:R (2002) as Klirkar:\·typc, 

an IR-OSL age of 153 ± 31 ka was obtained placin~ the deposition in t\IIS () (cp. 

FRECHE]\; el al. 2004). The development of a hamra ill .f;11I foll()wcd, for which n() 

luminescence age could be obtained. Above the hamra a Kurkar-B-typl' acolianitl' \Vas 

deposited, showing a nodular appearance and abundant rizolithcs ~i\'in~ c"idenn' li)r an 

extended cover of vegetation, which caused the vertical build-up of thl' dUI1l' systcm 

(NEBER 2002). FRECHEN et a/. (2004) determined for this :ll'olianitc an \R.( )SI, a~l' of 

143 ± 27 ka placing its deposition in the second half of t\llS () to the transition to i\t\S 

5. Marine transgression led to some erosion of the lower al'olianitl' f()rmin~ a p:dal'()diff 

and the deposition of a beach rock described in NI']~I':R (2()()1). ,\ sl'cond hamra 

deYcloped in the southern part of the section and a further aeolianitl', Klirkar-C It\'pl' 

filled the abrasion platform further North at the palacoC\iff. The sedimentation (l'ast'll 

forming a caliche-like hardpan on top of the acolianitt' (NI':!II':R 20()~). I'rom the 
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luminescence datings obtained for the section the exact timing of th<: s<:diIl1l.'lltatioll and 

development of the hamra above the Kurkar-B-type aeolianite and the deposition of thc: 

Kurkar-Cl-type aeolianite as well as the calichc-like hardpan is not entirdy cll'ar. Abo\'<.' 

the second hamra in the southern part of the section and th<: t:alit:h<:-likl' hardpan 

further North a further aeolianite Kurkar-C2-type, similar to Kurkar·(: 1 typc:s, was 

deposited (cp NEBER 2002). IR-OSL ages of ()() ± 14 ka amI 74 ± 17 ka w<:r<: ohtainc.'d 

for this lithological unit (cp. FRECHEN et al. 20(4) establishing th(.' sl'c.Iimentation of the 

aeolianite during the end of MIS 5 to thc beginning of MIS .'~. ,\\1 uppl'r hamra 

developed and eroded above the aeolianite. The remains w<:re sampkc.l ill a soluti()n 

pocket of the aeolianite undcrncath and an JR.-OS)' age of 12 t 2 ka was ()htailll'd 

(FRECHEN et al. 2004) which places thc accumulation of the pan'nt material (If the S( IiI at 

the beginning of the Holocene (MIS 1). 

With the help of geological events, thc comparison of p(.'trographical data \vilh otlll'r 

sections and available luminescence data (cp. I ;REeI II .::-..: dill. 2(04). N I :,BJ.:I{ (20()2) 

established a time succession for the deposits at the sl,t:tion ;\ tlit Railroad Bridge (rabk 

7.2.4b). 

Table 7.2.4b: Time succession of deposits at Atlit Railroad Bridge. 

IR-OSL ages (ka) Time succession 

(FRECHEN et al. 2004) (cp. NEBER 2002) 

12 ± 2 Hamra 

74 ± 17 Aeolianite C2 

60 ± 14 
--

--- Hamra 

--- Beach rock 

143 ± 27 Aeolianite B 

--- Hamra in situ 

153 ± 31 Aeolianite A 

At/it JlInction 

-----.... ----------

Interpretatlo n In this study 

-----------_.--- -

Beginning MI S1 
-_._--

End MIS 5 to beginning MIS 3 

---- -----

Marine trans gression MIS 5e 
,----, 

Second half 
transition to 

of MIS 6 to the 
MIS 5 

-------- ". 

---_._- .~---.--

MIS6 

At motorway km 90, section Atlit Junction (AJ 11). a ImVl'r :ll'olianitl' Kurkar ,\tqx' was 

dated with IR-OSL to 93 ± 15 ka (FRECHI':N e/ til. 20()4). Abm'l' this al'olianitc a hamra 

developed which showed carbonate concretions in the lown part, prismatic slrUClul'l'S 

in the sandy loam above and an upper part consisting of sand. hlr thl' hamra 1R< )SI. 
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ages of 57 ± 7 ka and 46 ± 8 ka were determined (FRFClII':N ('/ II/. 2()()4). TIll' hamra is 

covered with a further aeolianite Kurkar-C2-type (cp. N EBI':R 20(2). This aeolianite 

shows a weak cementation in some parts and irrc!,tUlar carbonate precipitation in others. 

Acidic waters from a former hamra above, which is now eroded, rt'sldtn\ in solution 

pockets in the upper part of the aeolianitc. Such a lellSt·-likt· cavity is filkd with t't'mains 

of soil material. For the aeolianite itself no luminescence age was gi\,l'n in I ,'HI':< :111-:[\ 1'1 

al. (2004). NEBER (2002) stated age estimates for the aeolianite of 4H + 7 ka and .vi + 7 

ka. A sample from the remains of the hamra had an lR-OSI. age of 2() ± .) ka (l"RI':c:J 11·:[\ 

e/ a/. 2004). The succession of units for this site is given in Table 7.2Ac. 

Table 7.2.4c: Time succession of deposits at AtIit Junction, 

IR-OSL ages (ka) Time succession 

(FRECHEN et al. 2004, cpo Neber (cp. NEBER 2002) 
2002) 

20 ± 3 Hamra 

35 ± 7 Aeolianite C2 

48 ± 7 

46 ± 8 Hamra 

57 ± 7 

93 ± 15 Aeolianite A 

Molo1Way km 85 

Int erpretatlon In this study 

- ----

--

---~ 

Se dimentalion MIS 2. 
dogenesis MIS 1 Pe 

f--
MI S3 

MI S 4 10 MIS 3 

MI S 5 (5c 10 5.0) 
-

The section at motorway km 85 consists of an alternation of three at'olianites and three 

hamras and is stratigraphically equivalent to tht, st~ction at .\ tlit Railroad Bridge 

(FRECHEN e/ al. 2004). The lower acolianitc is identified as Kurkar- t\ -typt' and bt'at's an 

IR-OSL age of 126 ± 20 ka (FRECIIEN e/ a/. 20()4). 1'01' the hamra ahovc no 

luminescence age was obtained. An IR-OSL age of 12() ± 2.) ka was dctermined for tht' 

succeeding Kurkar-B-typc acolianitc. The hamra towards the top yil'ldn\ for the upper 

part of the soil an age of 67 ± 10 ka and the Kurkar-C2-type aeoliallite an age of (,SI 

12 ka (FRECHEN e/ aJ. 2004). Above the aeolianite was another ham!'a dcp()sitt.'ll for 

which no age was obtained (FRECIIEN e/ (I/. 2()()4). The horizons and tht·ir ages arc 

summarised in Table 7.2Ad. 



Table 7.2.4d: Time succession of deposits at Motorway Ian 85. 
--

IR-OSL ages (ka) Time succession Interp retation in this study 

(FRECHEN et al. 2004) (cp. NEBER 2002) 

--- Hamra 

65 ± 12 ka Aeolianite C2 End of MIS 5 to beginning of 
MIS3 

---

67 ± 10 ka for uppermost part Hamra Ition MIS 4 Oepos' 
._-. /------

120 ± 23 Aeolianite B End of MIS 6 to MIS 5 (5c) 
--- -.---

--- Hamra 

126 ± 20 AeolianiteA End of MIS 6 to MIS 5 (5c) 
--'-------

Habonim Quarry 

The sections at Habonim Quarry that are investigated with lumincsCl'nCl.' dating in this 

study are located towards the sea at motorway km H2. 

En --11ya/a 

At the section of En Ayyala, motorway km HO, a hamra is sandwichl'd bctwl'cn two 

aeolianites. The lower aeolianite is characteriscd as Kurkar-A-typc (cp. NI':BI'J{ 2()()2) and 

an IR-OSL age of 134 ± 30 ka was determined for this horizon (i'"RI·n 11·:l\i ('/ ill. 20()4). 

The hamra shows similar features as the hamra at the scction :\ tbt J unction and I R-( >SI , 

dates for the sedimentation of the parent material of 95 ± 1 H ka and HO ± 12 ka Wl'rl' 

obtained. The aeolianite on top of the hamra, a Kurkar-Cl-type, showed an JR-( >SI, age 

of 64 ± 11 ka (FRECIIEN e/ aL 2004). The time succession of the horizons is summarisl'li 

in Table 7.2.4e. 

Table 7.2.4e: Time succession of deposits at En Ayyala. 

IR-OSL ages (ka) Time succession Interpreta tlon in this study 

(FRECHEN et al. 2004) (cp, NEBER 2002) 

64 ± 11 Aeolianite C2 MIS 4 (be ginning of MIS 3) 
-- ~- ._- ------"-

80 ± 12 Hamra MIS 5 to b eginning of MIS 4 

95 ± 18 
--1--------

134 ± 30 Aeolianite A MIS 6 to M IS 5 
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NEBER (2002) and FRECHEN et al. (2004) correlated the deposits al()n~ thl..' exposures at 

the motorway and nearby and distinguished five phasl..'s of aeolianitl..' formation 

corresponding to an increased sand accumulation and diffclTnt phases of soil 

development and also beach rock deposition for the Carmel coastal plain (cp. hgurl..' 

7.2.4a). 

The oldest accumulation phase NEBER (2002) and 1-'I{1':C1I1':N d (II. (2()04) lkscril>l'. 

resulted in the formation of Kurkar-A-typc aeolianites which arl..' exposl..'l\ at tlw sl..'ctions 

Arlit Railroad Bridge, Motorway km 85, Habonim (~uarry and at \ ':n ,\yyala (cp. hgurl..' 

7.2.4a). It followed the development of hamras at thl..' sections Arlit Railroad Bridgl' and 

Motorway km 85. Whether these two hamras arc contcmp()ranl..'ous hd()n~in~ to thl..' 

same pedogenic phase or not was not cstablished as no luminl..'sn'nCl..' age was rl'pllI'tl'll. 

Above the hamras at the sections Atlit Railroad Brid~c and t\lot()rway kill H5 an 

aeolianite Kurkar-B-type was deposited, The same aeolianite according to N FI\I·:I{ (2()O~) 

was also deposited at Habonim Quarry succeeding the lower aeolianitl' Kurkar.\ t)'pl'. 

The deposition of beach rocks at the sections Mototway km 9) and Arlit Railroad 

Bridge can because of similar elevations of about 10 m asl be assigned to till' saml..' 

marine transgression during the Last Interglacial, most likely during MIS 51..' (cp. NI,'.III·:I{ 

2002 and FRECHEN et al. 2004), 

The Kurkar-B-type aeolianite at Atlit Railroad Bridge was assigned as stratigraphically 

older than the marine transgression although from the geolo~ical information in the 

field this is not necessarily evident (cp. NEBJo:R 2002 Hgllre 21). 

Post-transgressional Kurkar-A-type aeolianites were deposited at thl' sl'ctiollS 1\1otorwa\, 

km 93 and at Arlit Junction and seen as one sedimentationa) phase with IR ( )SI. a~I..'s of 

57 ± 11 ka and 51 ± 10 ka (km 93) and 93 ± 15 ka (;\Jl1) (cp, I,'RI'n II'N d (i/. ~O()4). 

A phase of hamra development following the deposition of the Kurkar-;\· type 

aeolianite is documented at thc scction l\[otorway km 9.) and correlated hy NFBI'J{ 

(2002) and FRECH EN ef al. (2004) with hamras at 1\ tlit Railroad Bridgl' foll()win~ the 

marine transgression, at Arlit J unction following the KlI\'kar- A -type aeolianitl'. at 

Iv!otorway km 85 following thc Kurkar-B-typc acolianite and also at I ':n .\ yyala o\'l..'r a 

Kurkar-B-type aeolianite but also covcring parts of the stratigl'aphically 100\'I..'r I'llrkar .\­

type aeolianite (cp. Figure 7.2.4a and NEBI':R 2002, ';igures SH and ()()). The 

luminescence date given for the aeolianite underneath the ha mra a t the scction I ':n 

Ayyala is by FRECHEN e/ a/. (2004) assigned to the Kurkar-Atn')c acolianitl..' whik in 

NEBER (2002, Figurc 119) this is not clear (cp. hgllre 7.2.4a). The start of the pl'l\o 
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development documented at the pedocomplex at Habonim Quarry ast-wall is seen to 

be earlier than the lower pedogenic phase of the sandwiched hamra between the 

aeolianites Kurkar-B-type and Kurkar-C2-type at the section Motorway km 85 and the 

sandwiched hamra at En Ayyala (NEBER 2002 Figure 119) (cp. hgure 7.2.4a). 

ARB 

, 1S3:t31 
'I I 

i r 

\. I 
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I 

i I 
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.I 
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, . 

~o , KURKAR TYPEAEOUANITES ! 
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.. 
/ 
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Figure 7.2.4a: "Chronostratigraphical cross couelation" of the sections at the motonv:,y find it, its 
near vicinity in the Carmel coastal plain. tlLllminescence age estimates ill k :l after 
FRECHEN et aL (in prep.) and NEHER et al. (in prep') . .. Changed from N EllER (2002, p. 
154). Jan 93 = Motonvay Jan 93, ARB = At/it Railroad Bridge, AjU = Allit Junction, Jan 
85 = Motonvay Jan 85, HAD = Habonim Qmmy, EA Y = Ell Ayyala. 
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At the section Atlit Railroad Bridge the morphological negative form, t'rodt'll through 

the transgression, is filled with the deposition of a Kurkar-C I-type aeolianitl' which is 

correlated with the same accumulation phase as the Kurkar-C I-type aeolianite in section 

Motorway km 93 (NEBER 20(2). 

Above the Kurkar-Cl-type aeolianites at the sections l\1otorw:lY km 9.1 and Atlit 

Railroad Bridge a further pedogenic phase with hamra lk"c\opmt'nt was dOClIll1t'nted at 

the section Atlit Railroad Bridge. This pedogenic phase is correlated with hamras at the 

top of the section Motorway km 93, the upper part of tht' hamras sandwicht'd ht,twt't'n 

the two aeolianites at the section Atlit Junction, the upper part of Iht' hamras 

sandwiched between the aeolianites Kurkar-B-type and Kurkar-C2-typc at tlw sl'ction 

~Iotorway km 85 and the upper part of the pedocomplex at Ilahonim (NlmFI{ 2(02) 

(cp. Figure 7.2.4a). 

The uppermost aeolianites at the investigated sections were idt'ntificd as KurkaI' < :2·tYlw 

aeolianites with the exception of the section at Motorway km 1)3 Wht'rl' this :ll'olianitl' 

was not obsenTed. NEBER (2002) correlated all C2 type aeolianites with l'aeh otht'r as thl' 

same accumulation phase. A youngish hamra or remains arc exposl'd on top of the 

Kurkar-C2-type aeolianites and correlated as one pedogenic phase (NI':B1',H 2()02) (cp, 

Figure 7.2.4a). 

NEBER (2002) concludes that five phases of aeolian sand accumulation, four phases of 

pedogenesis and one marine transgression can be obsl'rVl'd. The earliest sand 

accumulation phases observed are the deposition of thc Kurkar-A-typt' acolianill's at 

Atlit Railroad Bridge, Motorway km 85, Habonim Quarry and at 1':11 Ayyala, and till' 

deposition of Kurkar-B-type aeolianites at Atlit Railroad Bridge, Motorway kill H5. 

Habonim Quarry and at En Ayyala. Both are intersectt'd by a pedogenic phase al .\t1it 

Railroad Bridge and at the section Motorway km H5. A fter the transgression during a 

further sedimentation phase the aeolianitcs Kurkar-A-type were dt'posited at the sl't:tion 

Motorway km 85 and Atlit Junction. After another phase of pedogl'llcsis the !--:.urkar­

Cl-type aeolianites were deposited at thc northern scctions of t-.lotorway km I)J and at 

Atlit Railroad Bridge. A next phase of pedogenesis is correlated al()ng the sections with 

thc exception of the section at En Ayyala before the uppermost aeolianites KurkaI' (:2 

type indicate a last sand accumulation phase after which thl' youngest soil formatiul1 

took place (cp. NEBER 2(02). 
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FRECHEN et al. (2004) gave the following chronological framt:work for sand 

accumulation phases and pedogenesis. For the lower Kurkar-A-typl' at:olianite 

deposition ages between 153 and 126 ka arc given, h)r the following Kurkar-B-typl' 

aeolianites a range of age estimates of 143 to 120 ka was lktertninnl. As for tht: 

accumulation of the parent material of the pedogenic phases betwl't:n the tW() 

aeolianites no ages were determined. FRECHEN e/ al. (2004) could not distinguish 

between the sedimentation ages for the two aeolianitl's or the part:nt matl'rials of the 

soils. For the Kurkar-C1-type aeolianites ages between 59 and 4() ka arl' indicated, hJl' 

the Kurkar-C2-type aeolianites a correlation with MIS 3 is sllggest(.'d, with a giYl'n age 

range of 74 to 35 ka (FRECHEN ef al. 2004). The hamra horizons bl'twl'l'n the l()\wr 

Kurkar-A-type aeolianites and the Kurkar-B-type aeolianitt:s and thl' al'olianites an' 

correlated with MIS 6, as the exposed beach rock is most likdy lkpositl'd during a 

transgressional phase of MIS 5e (FRr:CIIEN e/ al. 20(4). At till' pl'doClltnplex at 

Habonim Quarry the lowermost part is interpreted with thl' hdp of thl' RTL data hy 

RONEN et al. (1999) (cp. Chapter 7.2.1) to have formed between no and 100 ka 

(FRECHEN et al. 2004). Other formation periods of hamra at Ln "yyala, \l1otorway kill 

85, Atlit Railroad Bridge and Atlit Junction arc correlated with 95 to (,7 ka. A ),oullgt:r 

pedogenic phase is interpreted to range from 57 to 4() ka and also to be pn'scnt at till' 

pedocomplex at Habonim Quarry (FRECHEN ef al. 20(4). Also, the datnl hamras of this 

last pedogenic phase are correlated with the brownish palal~()sol horizon at (;ivat ()Iga 

at the coastal cliff in the Sharon coastal plain (cp. I;REClIEN t'I al. 20(H, 2(02). The 

remnants of hamras dated from cavities ncar the surface of the uppt:rmost aeolianitt.,s in 

the coastal plain could both be identified as reworked and were intl'rprcted with 

luminescence ages of dna 12 and 20 ka to be equivalent with tht: lIppl'r rt.'d p:t1at.'osol at 

the section Givat Olga at the Sharon coastal cliff (cp, I;RECIIFN 1'1 "I. 2(04). 

The stratigraphical model suggested by NEBER (2002) and ,,",\I':<:IIFI\: dill. (2004) st.'t.'ms 

to accommodate well the different types of deposits along the Carmd coastal plain and 

also their time succession suggested through the geological eyidencl', as for t.'Xampk tht.' 

beach rock at the sections Atlit Railroad Bridge and tvlotorway km 9.1. Ilowe\'l'I', tllt.'rt: 

are problems associated with this model. 

The chronological framework that NEBER (2002) and I;RI':CIIFI\: ('/ ill. (2()04) assign to 

the deposits does not consider in the interpretation of the luminescl'nct.· data thl' 

margins of error, which are large, and the small numbt.'r of data ;I\'aiIahle for any ont.' 
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horizon. This is problematic as it is questionable that a correlation of the deposits likt., in 

the suggested model would have been possible, considering thl' large l'rrors, without the 

help of the sedimentological characterisation of thc Kurkar-types hv N I ,:B1.:R (201l2). 

This is already cautioned by FRECHEN et al. (2004) themselves, 

On the other hand it is also uncertain whether Nrmrm (2002) and I;RFCIII·:r-; t'I til. (2004) 

could correlate the deposits on sedimentological or lithological information ollly, which 

is also remarked in NEBER (2002, p. 155) who calls for luminescellcl' dating to condate 

the deposits of the coastal plains, 

NEBER (2002) correlated the deposits of the section at llabonim using prl'matllrl' data 

which should not be used for any correlation and interpretation (cp. (:haptl'r (1.4). 

FRECHE~ e/ ai, (2004) correlated the deposits of thc peoocompit-x at Ilabonim (Juarry 

with the ages obtained by L\UKHIN (RONEN t'I til, 1 <)<)<» for which nil accllmpanying 

datasets are available, Depending on the data for the pl'docol11pkx at Ilabonim thl' 

correlation of the different pedogenic phases documented in the pedological rl'cord at 

Habonim Quarry and the adjacent sites of the section l\1otorway kill HS and I':n A n'ala 

could vary, 

Despite the Kurkar-type characterisation by NI·:IWR (2002), if a corrl'iatioll IH:twl'l'll the 

Kurkar-A-type aeolianite at AtlitJunction, lOR - 7H ka, amI the Kurkari\type al'olianitl' 

at the section Motorway km 93 with age estimate of 57 ± 1 t (6H -- 4() ka and S t 1 t () 

(61 - 41) ka like in NEBER (2002) and FRI':ClIEl\; t'/ III. (2004) is possihh:, thl'n thl' 

obtained luminescence ages (cp. NEBER 2002 and liRl':<:III':N 1'1 til. 20(4) w()uld all()w. for 

example, also a correlation of the Kurkar-A-type aeolianite at the sl'ction motorwa)' km 

85 that has an age estimate of 126 ± 20 (146 - 106) ka with till' Kurkar-.\-tYPl' al'()lianitl' 

at the section Atlit Junction that has an age estimate of <).) ± 1 S (lOR -- 7R) ka, 

Habonim Quany 

The data obtained for the section at Habonim Quarry I':ast-wall in this study (cp, 

Chapter 6.4) compare to the adjacent sections along the motorway and the suggested 

stratigraphical model as follows. For the acolianite underneath the pedoc()l1lpit-x 

luminescence ages of 132 ± 18 ka (IR -OSL H A B 4) and 124 ± 17 ka (1'1. 11.\ B 4) wL'l'e 

determined (cp, Figure 6.4a, Table G.4a, Chapter 7.2. t), which would fit well with till' 

ages obtained for the Kurkar-B-type aeolianites at the sections l\1()t()rwa~' km HS and I':n 

Ayyala, also correlated by NElmR (2002) with the al'olianite, KurkaI' B-t~·lll'. underneath 



the pedocomplex at Habonim Quarry. The pedocomp\cx itself displays at kast four 

pedogenic phases ~ower hamra horizon, upper hamra horizon, AB horizon, \'l'rtisol, 

pseudogley, weak accretionary soil) (cp. TS.\'J'SK1N anJ R()I\:I':N 11)1)1) (cp. Tabll' ,).2.1a). 

The lower hamra horizon was not sampled. The upper hamra horizon was dated with 

IR-OSL to 96 ± 10 ka (HAB 5) and 89 ± 8 ka (I-lAB 6) and with TL to ()S ± 10 ka 

(HAB 5) and 82 ± 7 ka (HAB 6) and cannot be distinguished according t() tht, 

luminescence ages from the AB horizon towards the top. hlr tht, ,\n horizon IR-()SI. 

ages of 77 ± 7 ka (HAB 7) and 88 ± 7 ka (HAB H) as wdl as TL agl's of m ± () ka 

(HAB 7) and 87 ± 7 ka (HAB 8) were determined. The lowest part of the vl'rtisol shows 

also ages of 76 ± 6 ka (IR-OSL HAB 9) and 73 ± 6 ka (1'1, flAB 9). The ages obtailll'd 

for the lower part of the pedocomplex decrease from the bottom to the top, hut the 

individual sedimentation phases of the parent material cannot ht~ separall'll with tht· 

obtained luminescence data for the individual horizons. Nevertheless, tlH.' IIl\Vl'r part of 

the pedocomplex can be correlated to the palaeosol at the section I ':n A yyala according 

to the luminescence ages. This is different from the corrdation hy Nlml':R (2()02) (cp. 

FRECHE~ et al. 2004). Age-wise the lower part of the \'ertisol can also hl' corrdateJ with 

the hamra horizon, deposited and developed after the marint' transgression, at the 

section Arlit Railraod Bridge, where an age of this horizon of 7() ± 7 ka is stated (cp. 

NEBER 2002), but which is not discussed in I;RI':CIIEN t'/ {/I. (2()04), yet is correlated 

differen tly . 

The upper part of the vertisol is much younger and shows sedimentation ages of thl' 

parent material around 50 ka (cp. Table 6.4a, hgure 6.4a) and can prohably bt, til11l' 

correlated with a part of the hamra sandwiched between the two :ll'o\ianitt,s al the 

section Arlit Junction, similar to NEBER (2002) and I;REClII':N d til. (2004). The 

sedimentation ages of the parent material of the pseudogley and the wl'ak accretionary 

soil at the Habonim Quarry pedocomplex cannot be distinguished with luminl'scl'ncl' 

dating. The ages of around 38 ka coincide with the uppl'r aeolianite formation at thl' 

section Arlit Junction (cp. Figure 7.2.4a) and also the '1'1, age with tht' al'olianitc 

formation sampled at the site Dor-Habonim Nature Resen'l' coast (cp. hglll'l' 7.2.Sa). 



Sharon coastal plain 

Clt/lal l\Tela'!ya Soulh, Norlh o./Gaa.rh and GaaJb-Sb~/~yinJ 

At the Sharon coastal plain the coastal cliff between the area of Netanya and (iaash is 

exposed through marine erosion (cp. F"igure 1.1 a), Several sites \\It'rt' dated with 

luminescence along the escarpment, The sections at the cliff ;It (iaash·Shd'a\'im (p( lin')' 

and WINTLE 1994), North of Gaash (RnTf<: e/ (II. 1997) and Nelanya South 

(ENGEDL\NN et al. 2001) all show a similar stratigraphy (cp, Chapter ."\,2 .. '\), ,\1 Ihe hase. 

at beach level, a thick aeolianite is exposed which was given the stratigraphical name 

Ramat Gan Kurkar (cp. G\'IRTZM.\N e/ al. 1984, 1998). Above this at'olianill' a Ihick Iwd 

of sands is deposited with the stratigraphical name Nasholim Sands «( i\'IIU'/,\I.\1\; ('/ ai, 

1984, 1998) and partly superimposed by a regosol. Towards till' top f()llows I he s() 

called Dor Kurkar (cp. HOROWITZ 1979, (;\'IRTi'.~I.\N ('/ al. II)H4, II)I)H). a nutnhl'r ()f 

aeolianites with interposed weak sandy soils (regosols/arenosols) (cp. 10:)\;(;10:1.\( \~r-.: t'I,,/. 

2001). NEBER (2002) describes up to six weak soils in at'olianites at thl' coaslal diff. Thl' 

alternation of aeolianites with intercalated weak soils is followed by I he llt'position of 

the parent material of well developed hamra horizons, the so-called Nl'tanya Ilamra (cp, 

HOROWITZ 1979, GVIRTZlVL\N et al. 1984, 1998). Above the hamra h()rizons a whitish 

very strongly cemented aeolianite, the Tel Aviv Kurkar aftl'r II< m( )\'\'1,(,/. (11)71)) and 

GVIRTZlVL\N et al. (1984, 1998), was deposited. llpon the strongly cel11l'nt<:d ,\l'()lianite 

are deposited loose pedogenised sands named Taarukha Sands (cp. II()R()WIT/, 1 InC). 

G\'IRTZlVL \s el al. 1984, 1998). 

The luminescence ages obtained fur the deposits at the southern part of thl' Sharon 

coastal cliff are summarised below (fable 7.2.4f), 

The data for the section at the coastal cliff at Netanya South obtained in this study show 

few differences from the data for the same section published in 1':J''';(;(':L:\I.\r-.;;\ d ill. 

(2001) and would not lead to a different interpretation. This shows thaI till' diffl'\'ently 

used cosmic dose rates (attenuated in this study after PRI':~C()'lT and Ill'Tl'():,\ (11)1)4) 

and token value for an average depth of 150 flGy/a in I':M;EI.:\I.\NN t'I til. (2()()1)) make 

little difference for most of the samples. FRI':U 1I':r-.; 1'1 til. (20()2) recalculated the cosmic 

dose rates for the section of Netanya South (E!\:c ;FI.:\I.\I\:N 1'1 ,iI. 2()() I) with val lies 

attenuated from a surface value of 150 flGy/a for more northern Iatiludes than Isral'i 

(cp, Table 7.2.4f). The data obtained in this study arc used for the corrdation and 

interpretation of the section Netanya South (cp. Chapter 7.2J). 



Table 7.2.4f: Summary ofluminescence ages obtained for the southern part of the Sharon coastal 
cliff at the sections Netanya South from this study, ENGELMANN ('( ill. (2001) and 
FRECHEN et al. (2002), North of Gaash (RITTE et al. 1997) and Gaash-Shefayim (PORAT 
and WINTLE 1994) (from North to South). "s" indicates weak soils. 

Deposit Netanya South Netanya South 
(stratigraphical ENGELMANN (this ENGELMANN at a/. 
names after study) (2001 ) 
HOROWITZ (ka) (ka) 
1979, 
GVIRTZMAN et 
al. 1984, 
1998) IR-OSL TL IR-OSL TL 
Pedogenised 3± 0.2 4± 0.3 4 ±0.5 4 ± 0.5 
sands 10 ± 0.6 6 ±0.3 10 ± 1 6 ±O.5 
(Taarukha 
Sands) 
Aeolianite 6 ± 0.4 5 ±0.3 6 ±0.5 5 ± 0.5 
(Tel Aviv 13 ± 1 7 ±O.7 13 ± 1 7 ± 1 
Kurkar) 
Hamra 13 ± 3 8±1 13 ± 3 8 ± 1 
(Netanya 14 ± 1 10 ± 1 13 ± 1 9±1 
Hamra) 
Aeolianite with 57 ±6 56 ±4 53 ±5 53 ±4 
intercalated 47 ±6 44 ±7 43 ±5 41 ± 6 
weak soils (s) 46±6 38 ±6 41 ± 7 35± 6 
(Dor Kurkar) 69 ± 18 46 ±3 62 ± 17 41 ± 3 

44 ±6 s 40± 5 s 41 ± 6 s 37 ± 5 s 
48 ±6 56 ±8 43 ±5 50 ± 7 
37 ±6 s 38 ±4 s 35 ±6 s 35 ±4 s 
38 ±4 38 ±4 34 ±3 34± 3 
51 ± 5 s 49 ± 5 s 47 ±5 s 46 ± 5 s 
52 ± 9 44 ±8 47 ±8 39± 7 
55±6 46 ± 5 49 ±5 41 ± 5 
43±6 34± 5 38 ±5 31 ± 4 

Pedogenised 46±4 50±5 43 ±4 46 ±4 
sands 63 ± 11 42 ± 5 59 ± 10 39± 5 
(Nasholim 
Sands) 
Aeolianite 52±4 49 ± 3 47 ±4 43± 2 
(Ramat Gan 55± 7 47 ± 5 49 ±6 42 ±4 
Kurkar) 43 ±6 41 ± 4 40± 5 38± 4 

54± 7 45 ±4 50 ±6 41 ± 3 

Netanya 
South 
FRECHEN at 
a/. (2002) 
(ka) 

IR-OSL 
3.5 ± 0.3 
10.4 ± 1.1 

-.-
6.2 ±0.7 
13.0 ± 1.9 

.-::--
13.1 ± 3.0 
14.0±1.8 

'-~:C'----'--'-' 

57.4 ± 7.2 
47.6 ± 6.7 
46.2 ± 9.0 
69.2 ± 19.3 
44.5 ± 6.9 
48.0 ± 6.7 
37.3 ± 6.5 
38.0 ± 4.6 
50.8 ± 6.1 
52.3 ± 9.9 
54.9 ± 6.9 
43.3 ± 6.7 
46.4 ± 4.5 
63.4 ± 11.4 

52.3 ± 5.2 
54.8 ± 8.0 

No 
Ga 

rth of 
ash 

RIT 
a/. ( 

TE at 
1997) 

) 

Gaash­
Shefaylm 
PORAT and 
WINTLE 
(1994) (ka 
(ka) 

I R-OSL IR-OSL 
0.1 6 ± 
0.0 2 
2± 0.2 

5.3 ± 0.3 5 ± 0.5 

~~ 9±1.3 4±1 
5 ± 1.9 39. 

56 
48. 
51. 

±5 
5 ± 4 51 ± 3 
8 ± 3.2 53 ± 4 

.-

49. 
53. 
57. 

57. 
57. 

L...... 

7 ± 2.5 48 ± 4 
1 ± 3.8 
4 ±2.8 

1 ± 2.9 59 ± 5 
8 ± 2.6 64 ± 8 

The data from the sections at Netanya South, North of (;aash and (;aash·Shcfayitn 

suggest that the lower parts of the sections were deposited during :\lIS 1 (cp. Tahll' 

7.2.4f). The pedogenised sands known as Nasholim Sands cannot hI.' distinguishnl hy 

the data from the aeolianites below and above. Also the weak intercalated soils hl'twt,t'!1 

the aeolianites above cannot be separated (cp. EN(;I·:I.\I.\N!': t'I,,/. 2()()1). TI1l' agl'S of the 

hamra deposits above differ in the studies considerably. In this study at Netanya ages 

between 15 - 7 ka were obtained for the horizon, while North of (;aash RITIV 1'1 1/1. 

(1997) obtained ages from 12.9 ± 1..'-\ ka to 56 ± 5 ka. The data by Rl'rn,'. t'I Iii. (1\)1)7) art' 

in agreement with the ages giycn by G\'IRTZ~I.\l\: {'/ III. (I !)()H) for the hamra. '·:ither at 

the section North of Gaash older hamra deposits arlO exposed ()r pn\()gl'l1t'sis 
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superimposed older deposits underneath a hiatus, similar to th~ \'~rtisol dl'\'dopnwnt of 

the pedocomplex at Habonim Quarry East-wall. The pedogenl'sis of tlw upper part of 

the hamra at the section North of Gaash and also the section at Nl,tanya South can onl~' 

have taken place after the parent material was deposited, according to tIll' IUll1inesCl'nct.' 

ages not before the end of MIS 2 and the beginning of the IloloCl'llt., (cp. Tahk 7.2.4t). 

For the following whitish and well cemented aeo\ianitl' f\olocl'nl' agt.·s bl'tWl'l'll 7.7 ·45 

ka were estimated, disregarding the IR-OSL date of sample N 1·:'1' 20 (cp. Tahk (,.·k and 

Table 7.2.4f). The ages for the pedogenised sand above thl' well l"l'llll'nll'l1 al'o\ianitt.' 

vary considerably between 6.3 - 0.14 ka, not including the I R-( )SI. agt.' I)f sampk N I ':'1' 

23 as it seemed overestimated. Overall the ages obtained for tl1l' lit-posits of till' sl'clions 

at Netanya South, North of Gaash and Ciaash-Shcfayim arl' in good agrl't'llWnl with 

each other. 

Wadi Neta,!ya South 

Samples taken not far from the coastal cliff, from ueposits at the sl'ction Wadi Nt,tanya 

South, placed the deposition of the parent material of a wl'ak soil (n'gosol/art'nosol) 

(cp. Table 3.2.3c) at the transition of MIS 4 to MIS 3. According to the 11I1l1111t'SCl'nn' 

ages the deposit could most likely be corrclateu with the timing of the wl'ak soils in I he 

so-called Dor Kurkar or the Nasholim Sanus of thl~ sections Norlh of (;aash and 

Gaash-Shefayim, and also the section at the cliff at Nt.'tanya South. hll' thl' hamra 

horizons at the Wadi Netanya South the deposition of thl' parent matt'rial took plan' 

during the time of MIS 3 and MIS 2. The dateu hamra horizons Sl't'm 10 Ill' an 

equivalent to the so-called Netanya Hamra, which is exposed in the sl'ctions of tht' 

coastal cliff (cp. G\'IRTZM.\N el a/. 1998, }>OR.\T anu WI:--';TLF 1«)94, RITI'F 1'1 til. llYn, 

El"GEL~L\NN el al. 2001), The young, Holocene, weak soils at the section Wadi Nl'lanya 

South might be correlated with the Taarukha Sands of (; \ IRTI' .. \( \ \; dill, (I 1)lm). TIll' 

section at the Wadi does not expose an aeolianite (I'd ,\\'iv KurkaI') aIHI\'l' rhl' hamra 

though a carbonaceous caliche-like horizon can be uescrihl'd. \VI1l'tl1l'r this caliche Iikc 

carbonaceous horizon could be corrclateu with the formation (If t11l' so callt'll Tl'1 . '" i\' 

Kurkar exposed at the coastal cliff is unclear (cp. G\,IRTI'.\I.\:,\ d II/. 11)c)H, p( )JUT :Ind 

WI:\TLE 1994, RnTE el al. 1997, EJ\GI·:L\!.\!\:J\ d ,,/. 2()()1). 



Giva/Olj,a 

FRECHEN et aL (2001) dated the coastal section of Givat Olga. Stratigraphically a well 

cemented and layered aeolianite is exposed on the base at sea level. over which a 

pedocomplex with two different soil units follows. The lower one of these soils is a red­

brown palaeosol and the upper one a reddish hamra followed by a reworked horizon. 

Above the soils a further well cemented aeolianite and thick sands arc deposited. Thl' 

sands show two pedogenic horizons (I'RECIlEN e/ iI/. 20(11. 20(2). h If the lowef 

aeolianite ages between 74 - 46 ka were indicated, disregarding the JR-< )S], age of the 

sample OLG 2 (cp. Table 7.2.4g). For the lower red-brown soil. ages range between HI 

- 28 ka. The upper soil was dated to 26 - 10 ka (FREel/EN e/ (//. 20()1). The fewofked 

horizon above yielded ages between 5 - 7 ka (cp. Table 7.2.4g). The ages for the upper 

strongly calcareous aeolianite ranged between 11 - .') ka followed by the sand (k-posits 

with weak pedogenesis ranging between 6 - 2 ka (FRECI lEN e/ (//. 20(1). The exact data 

are given below (fable 7.2.4g). 

The lower aeolianite at the section Givat Olga is correlated with the Ramat (ian Kurkar. 

the Nasholim Sands and the Dor Kurkar (cp. (i"IRTZ:\L\N d (I/. 199H. ':RI':ct IFN d a/. 

2(01). FRECHEN e/ a/. (2001) also correlate the lower part of the hamra at the section 

Givat Olga with the lower part of the hamra at the section North of (iaash, which 

yielded similar luminescence ages for the lower part of the soil (cp. Rl'lTE d tI/. 1997). 

Table 7.2.4g: Luminescence dating results for the section Givat Olga (FRECHEN ct al. 2001). 

Deposits Sample name IR-OSL TL 
(ka) (ka) 

Sand pedogenised OLG 16 3.3 ± 0.5 2.9 ± 0.5 
OLG 15 4.8 ± 0.5 3.8 ± 0.5 
OLG 14 5.3 ± 0.7 3.8 ± 0.5 

--
Aeolianite OLG 13 4.1 ± 0.3 9.7±1.1 

OLG 12 5.5 ± 0.7 3.8 ± 0.7 
Reworked material OLG 11 5.7 ± 0.8 6.1 ± 0.6 
Hamra reddish OLG 10 12.3 ± 1.4 11.2 ± 1.4 

OLG9 14.2 ± 1.6 20.3 ± 5.2 
OLG8 19.4 ± 2.0 23.0 ± 2.7 

Hamra red-brown OLG7 33.0 ± 2.8 29.9 ± 2.1 
OLG6 41.9±8.2 ---
OLG5 50.5 ± 9.0 66.5 ± 5.8 
OLG4 55.7 ± 5.0 74.5 ± 6.4 

Aeolianite OLG3 54.7±9.1 52.9 ± 4.8 
OLG2 100.6 ± 20.5 61.5 ± 7.4 
OLG 1 66.9 ± 7.0 52.2 ± 5.1 -----_._-
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The upper part of the pedocomplex was correlated with thc I ~pi-Palacolithic hamra JCflJII 

RON EN (1983), containing Epi-Palaeolithic industries (20 - 10 ka), which is exposed 

further south along the coastal cliff (cp. FRECllEN e/ a/. 20(1). Thc acolianite abovc thc 

pedocomplex is correlated with the Tel Aviv Kurkar expos cd at thc cliff further south 

(cp. FRECHEN et al. 2001, GYIR'TZr-.L\N et al. 1998). I'RI':CIII':N t'I II/. (20()2) summarise the.' 

correlation of the deposits of the section Givat ()lga with the stratigraphy b~' 

G\,IRTZ~L\N e/ al. (1998) (Table 7.2.4h). 

Table 7.2.4h: Correlation of the deposits of the section Givat Olga and the coastal cliff further 
south with the stratigraphy by GVIRTZMAN et al. (1998) (cp. FRECIIEN et .. I. 2002). 

--.----,--~-

FRECHEN et al. (2002) GVIRTZMAN et al. (1998) 

Aeolian sand Taarukha and Hadera Sands 
---------

Aeolianite (calcareous sandstone) Tel Aviv Kurkar 

Red palaeosol (hamra) Netanya Hamra 
.------"-

Red-brown palaeosol Not defined 

Aeolianite (intercalated by several regosols) Dor Kurkar 

FRECHE~ e/ al. (2002) assigned mean IR-OSL age e.'stimates to the.' discussed lithological 

units of the Sharon coastal plain and distinguishcd threc sand accumulation periods 

Crable 7.2.4i). 

Table 7.2.4i: Lithological units and mean IR-OSL age estimates according to FRECIIEN t't .. I. 
(2002) for the deposits of sand accumulation periods of the Sharon coastal plain. 

---

Lithological unit Mean IR·QSL age estimate 
-------------

Aeolian sand 5 - 2 ka and modern 
----

Aeolianite (calcareous sandstone) 7- 5 ka 
--

Aeolianite 65 - 50 ka 

The oldest sand accumulation period is reported to have occurred bctween 65 - 50 ka, 

correlating with the timc of formation of sapropel S2 in the castern Mediterranean. The 

next period of sand formation is described between 7 - 5 ka and correlates with the 

time of formation of sapropel Sl (cp. FREClIEN 1'1 (//. 2(02). Thc third sand 

accumulation period is described between 5 - 2 ka and also during modcrn timcs, not in 

phase with sapropel formation (FRI':CHE\J e/ (//. 20()2). Two main periods of s()il 

development are distinguished. For the brown palaeosol, agcs betwcen .,)5 - 25 ka are 
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estimated and for the reddish hamra, ages between 15 - 12 ka. The brown palaeosol 

developed under conditions of increased precipitation and the red hamra under reduced 

precipitation (cp. FRECH EN el aL 2002). Neither the weak soils in the lower aeolianites, 

nor the Holocene and modem sands, could be correlated with periods of increased 

precipitation (FRECHEN el aL 2002). 

Power S lalion ,Quarry, S oulh q( Power S lation and S ea.rhore PouJer SIalion 

The last sections compared here and dated in this study, arc at Pow<.'r Station (~uarry 

near Hadera and westward from there (cp. Chapter 3.2.2). 

The pedocomplex in the interdune depression at the East-wall at Power Station <Juarry 

consists of several hamra horizons superimposcd by a vertisol with a similar sllcC(.'ssiol1 

to the pedocomplex at the Habonim Quarry East-wall, most likely also indicating 

moister conditions towards the top of the complex. The ages of the pedocomplex at 

Power Station Quarry range betwecn 33 - 17 ka for the lower hamra horizons. \<'<)r the 

vertisol above, which is also superimposcd on the upper hamra horizon, ages hetwl'(.'n 

16 - 6 ka were determined. Thc pedo-hori:wns scem to be in phase with parts of the 

hamra horizons further south (cp. PORxr and WINTn: 1994, Rrrn·: 1'1 II/. 1997, 

G\"IRTZ~L\~ el al. 1998, ENGEL;-'L\NN e/ al. 2001, I-'REClIEN t'/ II/. 2()01, 20()2). In 

particular the vertisol development at Hadera Power Station <Juarry can be time 

correlated with the upper parts of the hamra exposed at the coastal cliff further South, 

whercas the lower part of the pedocomplcx, thc hamra horizons, would correlate to a 

certain extent with the lower part of the hamra dated at the section North of (;aash 

(RrnE el a/. 1997). 

The stratigraphically oldest aeolianite formation of the dated sites in the a 1'<.' a took place 

according to the luminescence ages betwcen 102 - 74 ka at the section Ilad<.'ra Power 

Station Wcst-wall. This aeolianite formation would be in phase \vith luminescence ages 

obtained for the lower aeolianite at the scction Atlit Junction. Anoth<.'r aeolianite dated 

at Power Station Quarry (PSQ 1) yields ages of 57 - 39 ka, being in phase with the lower 

aeolianites (Dor Kurkar) at the cliff sections further South, but also with aeolianit<., 

formation at the section Habonim Quarry and more western sites and sections at the 

motorway. The stratigraphically youngest aeolianites at the sections P()\ver Station 

Quarry West-wall, South of Power Station and also at Seashore Power Station seem to 

be with ages betwcen 42 - 21 ka in phase with the upper aeolianire observed at the 



Habonim Quarry East-wall section and also with the upper aeolianite at the section" tlit 

Junction. 

Young Holocene to modem sands above the hamra at Seashore Power Station most 

likely correlate with Holocene and modern sands further South (C ;i\,at ()lga. Ncranya 

South Cliff, Wadi Netanya South). 

The intercalated weak soils at Power Station Quarry West-wall and the sl'ction South of 

Power Station cannot be distinguished with the obtained luminescence ages from thl' 

surrounding aeolianites. The weak soils at the West-wall from Power Station (Juarry 

represent the oldest weak soil at the Carmel and Sharon coastal plains discussed in this 

study. Interestingly, the timing correlates with the lower part of the soil formatioJl at thc 

pedocomplex at Habonim Quarry and also with the timing of the hamra formation at 

the section En Ayyala. The intercalated weak soils at the sl'ction South of Power Station 

correlate perhaps with the weak accretionary soil on top of the pedocompil-x at 

Habonim Quarry East-wall and also with the timing of weak soils descrihl'll further 

South (cp. ENGEL~L-\NN ct al. 2001, NEBER 2002, ';RECIIEN e/ al. 2002. this study). 
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7.2.5 Significance for climate change (Interpretation) 

The sedimentation and formation phases of aeolianites and soils as suggest(.'d by N EBFR 

(2002) and FRECHEN et aL (2004) for the Carmel coastal plain and also by J;RI':C1II'::-'; d 

al. (2002) for the Sharon coastal plain suppose an alternation of aeolianite formation 

phases and periods of soil development (cp. Chapter 7.2.4). The formation of aeolianites 

is seen as short sharp events compared to the geological tim<.' scale. This is infnred 

mainly from the high sedimentation rates and the marginal increase in age which can be 

observed at aeolianites (DOl' KurkaI') at the coastal cliff in the Sharon coastal plain. for 

example at the dated section at Netanya South (cp. ENGELt\L\NN e/ "I. 20(H). J;RI':CIIEN 

e/ aL (2002) and FRECH EN et al. (2004) state 15 ka to 5 ka, respectively. for such 

sedimentation ennts of aeolianites at the Sharon coastal plain. For the aeolianites of the 

Carmel coastal plain similar rapid accumulation rates art' expectnl (l"RI':c:J II':N dill. 

2004). 

The stratigraphical models of NEBER (2002). FRI·n 1 EN d til. (2002) and I ;RI ':(:1 I EN ('/ til. 

(2004) suggested for the Cannel and the Sharon coastal plains arc summariseJ below 

(fable 7.2.5a). The luminescence ages for the pedocomplex at tht, section Ilabonim 

Quarry East-wall obtained in this study are not contradictory to the stratigraphic 

interpretation of NEBER (2002) and FRECHEN eI a/. (2004). The results obtaint'J in this 

study for the section at the coastal cliff at Netanya South arc in good agtl'ement with 

studies further South (POR.\T and WINTLE 1994. RITrE d ,,/. 1997) and also an earlier 

study of the section (ENGEL\L\NN e/ al. 20(1). 

FRECHEN e/ al. (2004) correlate the hamra above the Kurkar-Cl-type a<..'olianite at the 

northernmost sections at the motorway in the Canncl coastal plain with the upper part 

of the pedocomplex at Habonim Quarry and also with the red-brown grumosolic 

palaeo sol at the section Givat Olga in the Sharon coastal plain (dark grey colour in 

Table 7.2.5a). They further correlate the Kurkar-C2-type aeolianite formation abo"e the 

hamra with the oldest aeolianite in the Sharon coastal plain underneath the red-brown 

palaeosol. Although for parts of the Kurkar-C2-type aeolianite similar luminescence 

ages were obtained as for the aeolianite in the Sharon. this is, however, a cross­

corrclation (middle grey colour in Table 7.2.5a). The reworked hamra at the section i\tlit 

Railroad Bridge in the Cannel coastal plain is interpreted as the depositi()nal pr()duct of 

an equivalent of the red hamra at the section Givat Olga and hamras further S()uth Oight 

grey colour in Table 7.2.5a). 
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Table 7.2.5a: Comparison of stratigraphical models for the Carmel and Sharon coastal plain after 
NEBER (2002), FRECHEN et al. (2002) and FRECHEN et al. (2004). 

Carmel coastal plain Sharon coastal plain 

(NEBER 2002, FRECHEN et al. 2004) CFRECHEN at al. 2002, 2FRECHEN at al. 2004) 

Aeolian sand 5 - 2 ka 

Aeolianite (calcareous 7 - 5 ka 
sandstone) 

Hamra reworked at Atlit 12 ± 2 ka Red hamra at Givat 19 - 12 ka 
Railroad Bridge Olga 

Aeolianite fonnation 1?4 - 35 ka (MIS 3) 
(Kurkar-C2-type) 

~ f. t '$. i 1.' J, ,! "'". '>' '" l~ ,- .. l"!. • ,i • t -.'" ~,.... • .. ~. .., .. lj /I f • "'''l ~ .,~( 
r~~·):::-.;;",.y.;,i:'~·''':~i)\'l''rl~~~;.:,f';{~\' 1"(~')f~·"",:}~~-.'f;;'t(""~l:.'~~(~~r~~t.~~~~~~tt"J 
~" "'~"i.l,{:;41"~V'i • .''':.'t''''''I·:\"' ,-,' .. '0' ,", """" .. d.,~ .. t_/~'.r···,! ~ "~~"l' 

~~~-...",~~~ .~;7~~~;~i).S:i \o'~7i(:~,~<t, :~\ t:,}~"l~'l~'f~ :~ .. W~t',,.t"'\~{itl , ...... k~ ;. '11 .. l'_~ 1i,i(~.<ll!.i.>4t~,,~/r;~f.~~;r ,_!'It:~ .. ,, ... , ',_.' . ,',,',;.', ". ~,.,!10.:"M .. :,~, _tJI ...... c.v~.~., 'l! " ,/&,. 
Aeolianite formation 59 - 46 ka (MIS 3) Oldest aeolianlte in 65-50 ka1 

(Kurkar -C 1-type) Sharon2 
Mean 53.9 ± 9.1 (60 -
50) ka2 

Hamra development 95 - 67 ka 

Aeolianite formation 95 ± 15 ka and 
(Kurkar-A-type) 57±10ka 

Lower part of 130 -100 ka 
pedocomplex at 
Habonim 

Beach rock MIS 5e 

Aeolianite formation 143 -120 ka 

(Kurkar -B-type) MIS6 

Hamra development MIS6 

Aeolianite formation 153 - 126 ka 

(Kurkar-A-type) MIS6 

The synopsis of the data obtained from the different study sites at the latitudes of 

Habonim, Hadera and Netanya South and also from the sites dated by Porl\'l' and 

WINTLE (1994), RIITE et aL (1997) and FRECHEN et aL (2001, 2004) provides general 

and detailed information about the dated deposits in the Carmel and Sharon coastal 

plains (cp. Figure 7.2.Sa). 

Generally it can be confirmed from the comparison of the discussed dating stuclies that 

the deposits exposed in the Carmel coastal plain are older than in the Sharon coastal 

plain and the deposits become younger towards the South. 1\n East - West graclient in 

age cannot be observed at tile dated East - West transects I-Iabonim Quarry - Dor­

Habonim Nature Reserve Middle Ridge - Dor-Habonim Nature Reserve Coast, Hadenl 

Power Station Quarry - South of Power Station - Seashore Power Station and Wadi 
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Netanya South - Netanya South Cliff. Further no al'olianite formation in MIS 2 could 

be observed in the Carmel or the Sharon coastal plains at the in\"l.'sti~ated sites (cp. 

Figure 7.2.5a). 

Aeolianites 

At the dated sites aeolianite formation took place durin~ MIS 6, I\f1S 5, MIS 4, MIS .) 

and also in MIS 1. Glacial - interglacial changes arc much more pronounced in thl' 

Eastern Mediterranean than is recordcd in the SPI':CMAJ> marine isotopic CUI"Vl' (cp. 

M.\RTINSON et al. 1987, K\LLEL e/ al. 2000, B.\R-M.\Tl'!II(\'\'S 1'1 til. 20m). 

The conditions in Israel and the eastern Mediterranean during MIS () were generally cold 

and arid (K\LLEL et al. 2000, WELDE,\B e/ al. 20(2) after high rainfall in the l'astl'rn 

Mediterranean region during MIS 7 (B,\R-M.\Tl'IIEWS e/ al. 20m). K,\I.I.I':1. t'I til. (20()O) 

documented two strong coolings in MIS 6 at about 1 HO - 170 ka and at circa 14() ka of 

up to 10°C. For the cold sapropel S6 during that time no counterpart sapropel was 

found in the Tyrrhenian Sca but high organic carbon contents Wl'rl' similar to 

interglacial sapropels (S5, S4, S3). K\LLEL e/ til. (2000) documented that ~eneral humid 

and wet conditions associated with thc timing of the intcr~lacial sapropel e\'Cnts Wl~re 

also the case for the glacial sapropel S6. This is confirmed hy findings of WFI.D!':\B d tI/. 

(2002) who found that Saharan dust input was drastically reduced durin~ the time of 

sapropel S6 and S5 and that this was most likely due to denser vegetation cover durin~ 

more humid conditions which would have reduced physical erosion and sediment 

removal in source areas. E:'IEIS et al. (2003) document an increase in monsoon stl'l'n~th 

at 150 ka, although this insolation maximum is not expressed as sapropel ()win~ to colJ 

SSTs. During the glacial maximum at the enJ of 1\11S 6 (l\l1S 6.2) marked increases of 

Saharan dust and also detrital flux from the Aegean region point towards arid conditions 

in the catchment areas. During sapropel S6 and during MIS ().2 in the I,evantine hasin, a 

predominance of terrigeneous sediments of the Nile river can be observed. The aeolian 

contribution of terrigeneous sediments was significantly enhanced through the glacial 

aridity and intensified wind speeds (WELDE.\B 1'1 al. 20(2). 

During the time of the Last Interglacial (l\lIS 5) the conditions in the eastl'rn 

Mediterranean were generally warmer. K\LLI~L e/ til. (2()()O) state mean sea surface 

temperatures (SST) of 22.5 °C differing with 1 °C lower than modern SSTs. Thl' 
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Explanatory notes to Figure 7.2.5a 

1 Motorway km 93, IR-OSL MAAD (FRECHEN et al. 2004) 
2 Atlit Railroad Bridge (ARB), motorway km 90, IR-OSL MAAD (FRECHEN at al. in 

press) 
3 Atlit Junction (AJU), motorway km 90, IR-OSL MAAD (FRECHEN at al. 2004) 
4 Motorway km 85, IR-OSL MAAD (FRECHEN et al. 2004) 
5 Dor-Habonim Nature Reserve Coast (HDC), IR-OSL MAAD (this study) 
6 Dor-Habonim Nature Reserve Coast (HDC), TL MAAD (this study) 
7 Dor-Habonim Nature Reserve Middle Ridge (HDM), IR-OSL MAAD (this study) 
8 Dor-Habonim Nature Reserve Middle Ridge (HDM), TL MAAD (this study) 
9 Habonim Quarry - II (HAB-II), IR-OSL MAAD (this study) 
10 Habonim Quarry - II (HAB-II), TL MAAD (this study) 
11 Habonim Quarry North-wall, (HAB N-wall), IR-OSL MAAD (this study) 
12 Habonim Quarry North-wall, (HAB N-wall), TL MAAD (this study) 
13 Habonim Quarry East-wall, (HAB E-wall), IR-OSL MAAD (this study) and upper 

aeolianite RTL (RONEN at al. 1999) 
14 Habonim Quarry East-wall, (HAB E-wall), TL MAAD (this study) and upper 

aeolianite RTL (RONEN at al. 1999) 
15 En Ayyala (EAY), motorway km 80, IR-OSL MAAD (FRECHEN at al. 2004) 
16 Seashore Power Station southern part (SPS southern), IR-OSL MAAD (this study) 
17 Seashore Power Station southern part (SPS southern), TL MAAD (this study) 
18 Seashore Power Station northern part (SPS northern), IR-OSL MAAD (this study) 
19 Seashore Power Station northern part (SPS northern), TL MAAD (this study) 
20 South of Power Station (SOP), IR-OSL MAAD (this study) 
21 South of Power Station (SOP), TL MAAD (this study) 
22 Power Station Quarry West-wall, (PSQ W-wall), IR-OSL MAAD (this study) 
23 Power Station Quarry West-wall, (PSQ W-wall), TL MAAD (this study) 
24 Power Station Quarry (PSQ 1), IR-OSL MAAD (this study) 
25 Power Station Quarry (PSQ 1), TL MAAD (this study) 
26 Power Station Quarry East-wall (PSQ E-wall), IR-OSL MAAD (this study) 
27 Power Station Quarry East-wall (PSQ E-wall), TL MAAD (this study) 
28 Cliff at Givat Olga (OLG), IR-OSL MAAD (FRECHEN at al. 2001) 
29 Cliff at Givat Olga (OLG), TL MAAD (FREcHEN at al. 2001) 
30 Cliff at Netanya South southern part (NET southern), IR-OSL MAAD (this study) 
31 Cliff at Netanya South southern part (NET southern), TL MAAD (this study) 
32 Cliff at Netanya South northern part (NET northern), IR-OSL MAAD (this study) 
33 Cliff at Netanya South northern part (NET northern), TL MAAD (this study) 
34 Wadi Netanya South western part (WNS western), IR-OSL MAAD (this study) 
35 Wadi Netanya South western part (WNS western), TL MAAD (this study) 
36 Wadi Netanya South eastern part (WNS eastern), IR-OSL MAAD (this study) 
37 Wadi Netanya South eastern part (WNS eastern), TL MAAD (this study) 
38 Cliff north of Gaash, IR-OSL (RITIE at al. 1997) 
39 Cliff at Gaash-Shefayim, IR-OSL SAAD (PORAT and WINTLE 1994) 

Depending on the solution of the luminescence datings the synopsis chart does not always 
depict the deposits in stratigraphical order. The obtained age ranges which partly overlap for 
individual deposits because of the experimental error must not be confused with a 
contemporaneous deposition of aeolianite and soil parent material. Also only units for which 
luminescence ages were obtained could be drawn. For the exact stratigraphy see text or 
Chapter 3.2. 
H = hamra, BR = beach rock. 



sapropel events in this isotopic stage, S5, S4 and S3, were associated with warm and 

humid conditions over the whole Mediterranean deriving from increased monsoon-like 

precipitation connected with strong Indian summcr monsoon e"ents and pl'aks in 

summer insolation in northern latitudes (K\LLEL e/ (/1. 20(0). The warm conditions 

during MIS 5 were interrupted by coolings of 2 °C of the SST during sapropel S5 and of 

6 °C of the SST during sapropel S4. WELDE.\B d al. (2002) recognised that the 

carbonate-free Saharan dust flux during MIS 5.4 (5d) was composed isotopically similar 

to the present-day Saharan dust flux in thc Meditcrranean and that therefol'l' thl' climatic 

conditions during MIS 5.4 were comparable to the prcsent climate. B.\R-M.\Tl'IIF\X'S 1'1 

al. (2003) compared marine isotopic information from (,'I(J/J~~t'rilltlt' in castl'rn 

Mediterranean deep sea records with terrestrial oxygen isotope signaturl's from 

speleothems of the Soreq and Peqiin caves in Israel. They confirmt'd that climatic 

variations causing changes of the SSTs were also recorded in both of tht, terrt'strial 

speleothems, establishing a direct link bctwcen marine and terrestrial isotope records of 

thc area and also confirming that palaeoclimatic events and conditions in the eastern 

Mediterranean area were controlled by the rain source and that changes in SS'I's could 

be used as proxy for terrestrial temperature variations (B.\R-M.\'rl'l II':WS 1'I111. 20(3). The 

palaeorainfall-values and temperature calculations by B.\R-M.\'lTIII·:\X'S 1'1 1/1. (20()3) 

showed also that climatic conditions during sapropel formations were structured into 

highest rainfalls and lowest temperatures at thc bcginning of sapropel formation which 

then changed into decreasing rainfalls and incrcasing tempcraturl's kading to arid 

conditions. 

For MIS 4 the Levantinc SSTs were 4° C lower than today, indicating a similar tt'rrcstrial 

variation (K.\LLEL e/ al. 2000, cpo B.\R-M.\TfHEWS e/ (/1. 20(3). L.\ND:\I.\NN £'11'1. (2()02) 

report on the lake level status of Lake Lisan (Dcad Sea prl'decessor). They claim that 

after an initially high stand the watcr table sank becausc of reduced water input in the 

period between 70 - 45 cal ka. M.\CHLUS e/ al. (2000) repoft minor fluctuations for I.ake 

Lisan in the time betwcen 55 - 35 cal ka, but indicate also that the lakl' low stand during 

most of this period indicates drier climatic conditions. 

In MIS 3 two low water stands which are identified through highef salt concentrations 

are correlated with the time betwccn 45 - 36 cal ka (L\ND:\I.\NN 1'/ til. 20()2). 

After further lcvel oscillations and also a lake high stand that is not dated, I.ake l.isan 

ceased in MIS 2 at around 16 cal ka indicating a strong drought (J ,.\ND:\I.\NN dill. 2()()2). 

The latter is also supported by climatic reconstructions from plant fossils and othtT data 



for the maximum cooling of the Last Glaciation at about 20 - 1 H ka which indicate for 

the area of the eastern Mediterranean strong annual precipitation decreases of-SO() to -

250 mm/a deviations from present-day values (cp. FRENZEl. e/ al. 19<)2). V.\N 1.I·:tST and 

B()TTE~L\ (1991) show that during the interval 18 - 16 ka, which corresponds for them 

to the maximum cooling in the southern Levant, because the ncar easte1'11 mountains 

show a maximum snow line depression during that time of 1000 -- 12()() m, large ;Ifl:as 

had become deserts or semi-deserts. The vegetation in coastal areas l'xisted of 

xeromorphic dwarf-shrublands dominated by /1r/emiJia communi til's, The vegl'tatiol1 

covered as litde as 10 - 40 % of the steppe-like landscape leaving wide art'as 

unprotected (V"\N ZEIST and BOTTEi\L\ 1991). 

During MIS 1 enhanced pluvial conditions arc recorlini during the sapropel S I 

formation at around 8 - 7 ka (cp. I~\LLEL e/ (.Ii. 2000, B.\R-f\1.\'rl'lll':\,\'S 1'1 ul. 20m). Dry 

conditions prevailed in Israel with low precipitation values of about 200 - ,')00 nlln/ a at 

around 5 ka and 2.5 ka (B.\R-MnTHEws e/ (.I/. 2(03). 

Generally the information above confirms that aeoiianite formation took plan' 

throughout different prevailing climatic conditions from the Penultimate (ilacial over 

the Last Interglacial, the Last Glacial with the exception of l\lIS 2 and also during the 

Holocene (cp. Figures 7.2.1a, 7.2.2a, 7.2.3a and 7.2.5a). HtECIIE~ t'/ til. (2004) assign to 

the stratigraphically older Kurkar-A-type aeolianites in the Carmel coastal plain, at the 

sections Atlit Railroad Bridge, Motorway km 85 and ~ labonim, ages between 153 - 126 

ka, not considering the margins of error of the ages estimates (cp. Table 7.2.5:\). 

Regarding the errors of the age estimates, it cannot be decided if thcsc acolianitl's wcrl' 

deposited during MIS 6 or MIS S. But considering the stratigraphical position of the 

beach rock deposits at Atlit Railroad Bridge a deposition of l\IIS () is very likely (cp. 

FRECHEJ\' e/ (.I/. 2004). The correlation of these aeolianites is made on lithological 

grounds following the characterisation by NEHER (2002). 

Ibe Kukar-A-type aeolianites at Motorway km 93, stratigraphically above the beach 

rock, and also exposed at AtlitJunction (cp. hgure 7.2.4a) are corrt.:iated with each other 

as one sedimentational phase (cp. FRECIIEN el al. 20(4), although. according to the 

luminescence ages the Kurkar-A-type aeolianite at Arlit Junction would haH' been 

deposited immediately after or during the ceasing sapropel S4 conditions during the I,ast 

Interglacial MIS 5 and the Kurkar-l\-typc aeolianite at Motorway km 9,) during colder 

and drier conditions in the time of MIS 4 towards MIS 3. Thesl' aeolianites arc again 



correlated on lithological grounds of the Kurkar-type-characterisation by NFBlm (2002) 

as one sedimentational phase (cp. FRECHEN et al. 2(04) (cp. Table 7.2.5a). 

The Kurkar-C-type aeolianites at the Carmel coastal plain (cp. hgure 7.2.4a) cannot be 

distinguished age-wise but lithologically in Kurkar-C 1-type and Kurkar-( :2-type 

aeolianites and also through the intercalated soil development (cp. Nlml':J{ 2()()2). The 

deposition of these aeolianites is correlated with thc climatic conditions during M IS .'~ 

(cp. FRECHEN et al. 2004) (cp. Table 7.2.5a). 

Further South in the Sharon coastal plain at thc scction Power Stlltion (Juarry Wl'st-wall 

aeolianite formation took place during the Last Interglacial most likdy in-het\vl'l'n thl' 

sapropel formations S4 and S3 indicating deposition during the warmer and rdativcly 

dry conditions. 

The aeolianite formations further South exposed at the cliff slTtions in the Sharon, and 

also at Power Station Quarry (PSQ 1) rangc with thcir luminescencl' ages betwel'n l1ml 

70 - 35 ka indicating deposition ages from MIS 4 to MIS ~ during somewhat colder and 

drier glacial conditions (cp. K\LLEL e/ al. 2000, L\NDt\L\:--;N e/ (II. 20(2). 

Other aeolianites from the Sharon coastal plain at the sections Power Station (Juarry, 

South of Power Station and at the Seashore Powcr Station seem in phasl' with the upper 

aeolianite at Habonim Quarry (cp. Figure 7.2.5a) and their deposition took placl' 

according to the luminescence ages during thc end of MIS ~ during the period of 1.ake 

Lisan fluctuations which indicate varying precipitation ovcr thc arca (cp. !..\!\:l)t\I.\;-"';1\: t'I 

al. 2002). The youngest aeolianitc formation is nbsen'ed at the coastal diff in the Sharon 

(cp. Figure 7.2.5a). Ages corrcspond to thc morc arid post-sapropd S 1 conditions (cp. 

R\R-M .. \TfHEWS el al. 2003) (cp. Tablc 7.2.5a). 

From the datings of thc aeolianites in the Carmel and Sharon coastal plains it bl'comt'S 

clear that the deposition and consolidation of thc aeolianites takes place during various 

climatic conditions during glacial and interglacial periods, during warnwr and cokkr 

periods, but relatively dry. This is in itself remarkabk, as it shows that sand 

accumulation in the coastal plains secms to bc relatively independent of climatic 

temperature changes in the Eastern Mediterranean. It also shows that despite the 

climatic changes, a seasonality between summer and winter precipitation is maintained, 

which is necessary for the carbonaceous lithification of the aeolianites (cp. (:haptl'r 1.1). 

The climatic reconstructions by I·'RENZEI. t'I ill. (1992) suggest, though their 
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geochronological frame might not be exact for the I ':astcrn Mediterranean area, that 

precipitation seasonality remained during changing climatic conditions. 

One reason for the missing aeolianite formations during the time of the 1,(; M c( mId be 

that because of the extremely arid and also colder conditions the necessary seasonality in 

precipitation and/or temperatures between winters and summl'rs had ceased and 

sufficient solution or precipitation of carbonates could not take place to consolidate the 

dunes. Apart from the climatic conditions, other environmental conditions arc necessary 

for aeolianite formation, such as sand and carbonate availability, transport through 

prevailing onshore winds and a windward position to that wind. Thl'reforl' othl'r 

reasons for the missing aeolianites during LCi M could be a shortage of sand anilability 

connected with the distant LGM shoreline from the investigated localities, possibly 

associated with changed wind conditions (cp. S,\.\R()NI e/ (Ii. 1 <J<JH). Also a shortage in 

carbonaceous clasts, necessary to provide the carbonate for the cementation of the 

dunes, could perhaps be caused by a decreased amount of nutrients conlll'cted with thl' 

lessened run-off during these arid times. On the other hand MIS 2 aeolianites were 

perhaps deposited and consolidated further West on the exposed shore, as :wolianitl's 

are known today from drillings up to several kilometres off-shore. To summarise the 

conditions for aeolianite formation see Table 7.2.Sb. 

Table 7.2.Sb: Climatic and environmental condition model for aeolianite formation. 

Climatic conditions for the formation of 
aeolianites 

Environmental conditions for the formation of 
aeOlianites 

Strong seasonality between Winter and Summer Sand availability 
precipitation 

Wet Winters 

Strong soils (hamras/ vertisols) 

Sufficient carbonate content (biociasts) in the sand 

On-shore (westerly) winds 

Windward position of deposition location 
(morphology) 

Two distinctive differences can be observed in the Carmel and Sharon coastal plains 

regarding the de\Telopment of strong soils. Some strong soils (hamra) develop on top of 

aeolianites at levelling or slope surfaces, whereas others dcvelop in interdune 

(interaeolianite) depressions. A strong pedogenesis is generally observed ill depressions 



where, apart from hamras, vertisols also develop. Vertisols. 111 connection with 

aeolianites, were only observed in interdune depressions. 

The oldest hamras at the dated sites of the Carmel coastal plain arc exposed bl'tween the 

stratigraphically oldest Kurkar-A-type aeolianites and succeeding Kurkar-B-type 

aeolianites (NEBER 2002) (cp. Figure 7,2.4a). Regarding the dating of thl'se aeolianites 

(cp. rRECHEN el al. 2004), the parent material of the soils was deposited in a time span 

which covers perhaps 6 - 10 ka during general cold climate conditions of MIS (, (cp. 

Table 7.2.5a). 

The parent material of other hamras above, which arc intercalated in the aeolianitl's 

along the motorway in the Carmel coastal plain, at the sections Motorway km (J.\ A tlit 

Railroad Bridge and Motorway km 85, with luminescence ages (cp. I'-Io·n 11·:r-.; t'I ill. 20(4) 

ranging around the time of MIS 4 seemed to ha\'e been deposited similarly. lInlkr till' 

more arid, and also colder, climatic conditions post-sapropel S1 (cp. B,\R-!\I.\'ITIII':\\,~ ('/ 

al. 2003, K \LLEL et al. 2000). 

The hamra horizons at the section En A yyala were according to their tl1l'an ages 

probably deposited in a matter of 10 ka (cp. l;RECIIEN e/ al. 20(4) (cp. Jo'iglll'l' 7.2.4a). 

FRECHE~ el aL (2004) seem to correlate these hamra horizons with the deposition phasl' 

mentioned directly above, although the obtained ages of the hamra horizons at I ':n 

Ayyala would point towards a sedimentation post-sapropel S4 and pre-sapropel S.) (cp. 

Figure 7.2.4a). The latter would indicate a sedimentation of the parent material of the 

pedohorizons during a drier and also somewhat cooler inter-sapropel phase during I'd IS 

5. 

For the intercalated hamra horizons at the section Atlit Junction agl's lll,twel'n 57 4(, 

ka were obtained (FRECHEN et al. 2004). This could indicate a post-sapropel S2 

deposition (cp. LOURENS el al. 1996). For the same time period, reduced watl'r input in 

Lake Lisan is reported (L:\t'\D~L\NN el al. 20(2). However, the climatic conditions during 

that time are not entirely clear and from Lake Lisan the signals reported arc mixed (cp. 

M. \cHLUS el al. 2000, L \ND~L\NN el al. 2002). 

The deposition of the parent material of the so-called I':pi-Palaeolithic hamra in the 

Sharon coastal plain seems to correlate with the time of MIS 2 and the 1.(;1\1 (cp. hgure 

7.2.5a, Table 7.2.5a) for which various climate proxies indicate pronounced arid 

conditions. 
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For all these hamras the parent materials were, according to th(' \umincsc('ncl' dating, 

deposited during arid rather than pluvial climate conditions, but for which in most cases 

succeeding rainfall episodes are recorded in the Eastern Mediterranean (cp. Tahle 

7.2.5c). 

Table 7.2.Sc: Comparison of hamra parent material deposition and rainfall epillodell in the 
Eastern Mediterranean. 

Hamra location Luminescence ages Deposition event Rainfall episodes after 
parent material BAR-MATTHEWS et al. 

(2000) and other 
events 

Seashore Power Epi-Palaeolithic hamra MIS2 Rainfaliepisode-iT---
Station, South of Power between 28 - 8 ka Sapropel S1 
Station, Power Station (RITIE et a/. 1997, 
Quarry, Givat Olga, FRECHEN et a/. 2001, 
Netanya South, Wadi this study) 
Netanya South, North of 
Gaash ._._-_ .. __ .. ".- .. --.-.--- ----,-~--_._-~_.-

Atlit Junction 46±8ka Post sapropel S2 ? Lake Lisan high stands 
57 ± 7 ka 
(FRECH EN et a/. 2004) --- _._._-_ .... --.--.. _._- ._-------

Motorway km 93, Atlit 65 ± 9 ka MIS4 Rainfall episode # II 
Railroad Bridge, 76 ± 7, 64 ± 9 ka Sapropel S2 
Motorway km 85 67 ± 10 ka 

(FRECHEN et a/. 2004) 
-----~.--- .-._----

En Ayyala 85 ± 17 ka MIS 5a Rainfall episode # II I 
80 ± 12 ka Sapropel S3 
95 ± 18 ka 
(FRECHEN et a/. 2004) 

Transition MIS 6 to MIS-
f------.-.------.- ... -----

Motorway km 85 Between126 ± 29 ka Rainfall episode # III 
and 120 ± 23 ka 5 Sapropel S5 
(FRECH EN et a/. 2004) -----.---

Atlit Railroad Bridge Between 153 ± 31 ka MIS6 Insolation maximum at 
and 143 ± 27 ka 150 ka 
(FRECH EN et a/. 2004) 

._----_ .. - -- .<- -_. __ ..• _ .•.. -.--- .. -

R\R-M;\TIHEWS e/ al. (2003) describe the changing nature of rainfall l'pisodes in the 

Eastern Mediterranean. The episodes start with maximum rainfall and minimum 

temperature conditions which are followed during the episode by decreasing rainfall and 

increasing temperatures, ftnishing with arid conditions (B,\R-Mxrn II':WS ('/ ai, 20(l.)). 

The deposition of the parent material during arid and also colder conditions followcd hy 

the above characterised rainfall episodes leads to the assumption that the pedogenesis of 

hamra soils intercalated in aeolianites could be connected with the rainfalll'pisodes. 

Whether the soil developments of the pedocomplcxes in the obsen'CJ interdune 

depressions at the Carmel and Sharon coastal plains contradict thl' above, shall n()w be 

discussed. 
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The calculated ages for the lower part of the Habonim (Juarr), pedocompll'x ran~e from 

the beginning of MIS 5 to its end (cp. RONEN el al. 1999, this study) covering the 

climatic oscillations during the whole of MIS 5 including the three sapropel e"ents S5, 

S4 and S3. The vertisol in the upper part of the pedocomplex is superimposl'd over a 

hiatus onto the upper horizon of the lower part. 'lhe parent matl'rial for thl' \'l'rtisol 

shows deposition ages post-sapropel S2 «- 55 ka, LOl;RI':NS d til. t<)%). similar to the 

deposition ages of the parent material of the hamra horizons at Atlit .Junction. TS.\,(,SKIN 

and RONEN (1999) identified periods of soil formation and also sl'diml'ntary processl's 

within the pedocomplex although the soil horizons werl' not separated h~' non-soil 

deposits. The succession of the soil horizons at Habonim evidences increasin~ water 

logging through restrained drainage and also the accumulation of finl's resulting in clear 

catenary changes in the pedocomplex. TS;\TSKIN and R< INFN (19<)<) also emphasise that 

in contrast to a constant aeolian influx of fine particles, it would be more prohable that 

periods of discrete palaeosol development alter with sediment accumulation and an 

enhanced input of fines. The end of the catena shows a mixing of increasing aeolian and 

colluvial activity indicating landscapc instability prior to 45 ka (J'S,\,(,SKIN and R< INI·:N 

1999) (40 ka, this study), The microphological features of the pedocomplex at Ilabonim 

confirm rather than contradict the above suggested connection hl'tween palal'()sol 

development and rainfall episodes in the arca. 

The pedocomplex at the section Givat Olga IS more simply structured than thl' 

pedocomplex at Habonim Quarry and consists of a lower red-brown palaeosol unit and 

an upper red palaeosol (hamra) in a shallow depression (cp. I;RI':U II':N t'I til. 2()()2). hlr 

the deposition of the parent material of the lower unit two clusters of luminescence a~es 

were determined. For the lower part of thc lower unit the deposition agl's cO\'er the time 

of MIS 4 (cp. Table 7.2.4h). For the upper part of the lower unit deposition a~l'S (~ 40 -

30 ka) corresponding with the second half of MIS 3 were determined (cp. Table 7.2.4h). 

FRECHEN e/ al. (2002) used micromorphological methods to distinguish for the Ie lwer 

unit at the section Givat Olga two distinct palaeosols. The lower palaeosol shows 

characteristics of hamra and also grumusolic pedogenesis which indicate that t he soil 

developed under climatic conditions of increased precipitation which was amplified by 

geomorphological factors (cp. FRECHEN e/ til. 20(2). According to the lit-position a~es 

the increase in precipitation could havc coincided with rainfalls of the sapropel S2 e"ent. 

The upper palaeosol of the lower unit is characterised as a dark brO\vn sandy loam with 

a prismatic structure and weakly expressed slickensides. Some small carbonate 



concretions are described mostly at the top of this soil (cp. ) ,'RI ':UII ,:1\ e/ 11/. 2(02). ,\ s 

slickensides generally evidence cracks in soil surfaces during dry seasons and the filling 

of these cracks with fine colluvial material during wet seasons, the development of this 

soil could be connected with moister seasonal climate conditions during I,ake l.isan high 

stands towards the end of MIS 3 (cp, L\NDM.\NN e/111. 20(2). 

The upper unit of the pedocomplex at the section (,ivat ())ga consists of a rcd palacoso) 

characterised as rhodoxeralf (hamra) (FRECI lEN e/ (/1. 2002). An AB horizon has 

developed from the surface to about 1 m below on bedded loamy sand. Below the A B 

horizon, layered yellowish-red sand with some small secondary carbonate nmluks is 

described and at the base of the unit occur brown bands of 1-2 cm thickness which arc 

thought to be possibly of erosional origin (l"RECI lEN dill. 20(2). Thl' authors als() p()int 

out, that the two units of the pedocomplex at (;i"at Olga developed on different parent 

material and also under different environmental conditions (l"RECI II':N t'I til. 2()()2). The 

obtained ages for these horizons (cp, FREel/EN e/ al. 20(2) would confirm liL-position in 

the second half of MIS 3, post 30 ka. The brown bands of possibly erosional origin 

most likely correspond with the climatic fluctuations during that time (cp. L.\~\):\I\Nt\i l'I 

111. 2(02). The deposition ages for most of the upper unit arc clearly in phasl' with the 

arid conditions during MIS 2 during which the sand material of thl' upper part of the 

unit on which the AB horizon developed was most likely deposited follmVl'd by 

pedogenesis during the increased moister climate conditions around sapropel S I. 

Overall the deposition ages of the parent material and the soil developments of the 

pedocomplex at the section Givat Olga confrrm the above suggested thesis, that soil 

development in the Carmel and Sharon coastal plains is closely connected with I':astertl 

Mediterranean rainfall episodes. 

A further pedocomplex was observed at the Hadera Power Station (~uarry o\'e!' hamra 

horizons, for which ages between tirca 30 - 20 ka were determined, indicating the 

deposition of the parent material during thc late MIS 3 amI the beginning of MIS 2. The 

following hiatus corrcsponds most likely to the time of the 1,(; t\l in thl' l':astern 

I\lediterranean (cp. V:\I'\ ZEIST and B()1TE~1.\ 1991). The deYClopment of a vertisol 

above is superimposed over the hiatus onto the upper parts of the hamra. The 

deposition of the parent material in the upper part of the pedocotnpkx is dated to 

around 11 - 10 ka (cp. Table 3.2.2a). Both sediment depositions arc Cl,!lttl'd around 

MIS 2. The harnra soil developed according to the obtained ages most likely in the 

increasingly moist climatic conditions shortly after the L<; l\l. Thl' lIppl'r part of the 



pedocomplex was deposited just before the humid conditions of the saprop<:l S 1 evcnt 

that most likely caused the development of thc vcrtiso!' 

All strong soil developments (hamras/vertisols) discussed here, secm to be congruent 

with the assumption that strong pedogenesis observed in the Carmel and Sharon coastal 

plains is connected with the occurrence of Eastcrn Mediterranean rainfall episodes. 

While in morphological depressions soil development is more probable, caust'd by the 

relatively sheltered from desiccation morphological position and the deprl'ssion also 

acting as catchment for moisture, thc intcrcalated hamra soils bctwel'n aeolianites 

developed most probably post-sedimentary during succeeding humid climatt· l'\·l'nts. 

The conditions for the development of hamras arc summarised below (I'able 7.~.5d). 

Table 7.2.5d: Climatic and environmental condition model for hamra developments. 

Climatic conditions for the development of 
hamras 

Environmental conditions for the development 
ofhamras 

Moist climate conditions (rainfall episodes) Low or ceased sand accumulation rates 

Precipitation and temperature seasonality 

The observed vertisols in connection with aeolianites in the Carmel and Sharon coastal 

plains have developed in depressions, which most likely acted as catchment for eXcess 

water and flne particles. Vertisols also develop under increased humid conditions which 

are climatically but also morphologically controlled. The development of vertisols also 

requires a strong seasonality. The climatic and environmental conditions necessary for 

the pedogenesis of vertisols is summarised below (rable 7.2.5e). 

Table 7.2.5e: Climatic and environmental condition model for vertisol development. 

Climatic conditions for the development of 
vertisols 

Environmental conditions for the development 
of vertisols 

Strong seasonality between Winter and Summer Availability of fines 
precipitation 

Moist Winters Low or ceased sand accumulation 
-----------------------------------------------
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Weak soils (regosols/ arenosols) 

Apart from one exception in the Carmel coastal plain, weak soils Obsl'l\'eu in this study 

are solely confmed to exposures at the Sharon coastal plain (cp. hgure 7.2.5a). The 

exception in the Carmel coastal plain is the weak accretionary soil at the top of thl' 

pedocomplex at Habonim Quarry. Whether this soil could be characterised as regosol or 

arenosol is not clear (cp. TS"HSKIN and RUN EN 1999). The exposures furthl'r south in 

the Sharon coastal plain are either intercalated between aeolianitl' ueposits or form soils 

intercalated or on top of loose sand, forming also the present-day soil. 

Weak soils intercalated in aeolianites are found at the coastal cliff betwl'en Nl'tanya and 

Gaash and also at the Hadera Power Station Quarry West-wall and at thl' sl'ctioJl South 

of Power Station. The oldest observed weak soil in the Sharon at the Iladl'ra Power 

Station Quarry West-wall (Figure 1.1g) shows deposition ages correlating with l\lIS Sa. 

With the obtained luminescence ages the soil cannot bl~ distinguished from the 

underlaying aeolianite. The deposition of the parent material of the soil would corrt'!ate 

with the deposition of the parent material of the hamra soil at the section I ':n ;\ Fala in 

the Carmel coastal plain. 

Other weak soils in the Sharon coastal plain arc intercalated hl'twl'l'n aeolianites at the 

sections South of Power Station, Netanya South, North of (;aash and (;aash-Shefayim. 

At the latter three sections a relatively pronounced weak soil is developed on top of the 

Nasholim Sands identified by GVIRTZi\L\N e/ a/. (199K). h)r thl' uepositiot1 of thl' sanus 

ages correlating with the time of the early MIS 3, most likely post-sapropt'! S2, were 

determined. Further weak soils, which arc lens-like and intercalated in the aeolianites 

above at the coastal cliff in the Sharon (cp. ENCELi\I.\NN 1'1 til. 20()1, NFBI·:!{ 2()()2) and 

also at the section South of Power Station, developed on sediments depositeu during 

i\HS 3 and cannot be correlated with soil developments in the Carmt'! coastal plain and 

age-wise not be distinguished from the associated aeolianites. 1t is assumed that thcse 

soils result during pauses or strongly reduced sand accumulation not documented in thl' 

Carmel coastal plain. 

Weak soils that arc de,-eloped on sand not intercalated between aeolianites arc found in 

the Wadi Netanya South section and on top of the coastal cliff. The weak soils 

developed in the eastern-most section at the Wadi Netanya South arc most prohably 

time equiyalents of the weak soils at the cliff during l\IIS 1. Younger weak soils 

dcYelopcd during l\US 1 on loosc sands documented at the wcstern-most section in the 
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wadi and also on top of the cliff for example at the section Netanya South or (;aash-

Shefayim. 

The contrast between the development of strong soils in the Carmel coastal plain amI 

the development of weak soils in the Sharon coastal plain can be explaint'd with the very 

strong North-South-decreasing precipitation grailient prominent in Israel and the Nt'ar 

East. Also variations of the carbonate contents of the soil-substrates could add to 

differentiated developments, as weak soils (regosols) arc particularly known to form on 

carbonate depleted substrates and from the recent coastal sediments such differt'nces in 

the abundance of carbonate are known. While in the Sharon coastal plain Ill·arl), pure 

quartz-sand is deposited, the coastal sediments further north in the (:armel coastal plain 

are furnished with an increased amount of carbonaceous bioclasts. That the lens-like 

less pronounced weak soils in the Dor Kurkar of the Sharon coastal cliff are not 

documented in the deposits of the Carmel coastal plain is explained by the higher 

sedimentation rates at the Sharon coastal cliff in comparison with the aeolianites in the 

Carmel coastal plain and also the stronger cementation of the aeolianites in the Carmel 

caused by higher precipitation in contrast to the Sharon. These lens-likt· intercalated 

weak soils probably reflect minor climatic fluctuations causing changes in sand 

accumulation. Some of these palaeosols document through rizoliths and thl' rl'mains of 

landsnails well established plant growth and bioactivity. The conditions for the 

development of weak soils are summarised in Table 7.2.5f. 

Table 7.2.5f: Climatic and environmental condition model for weak soil development. 

Climatic conditions for the development of 
weak soils 

Moist climate (winters) 

Sand 

Environmental conditions for the development 
of weak soils 

Low or ceased sand accumUlation 

Lens-like weak soils in surface dents with slightly 
moister conditions than surroundings 

Pronounced weak soils on horizontal surfaces with 
an evenly moisture distribution owing to missing 
relief 

At the southern part of the section Seashore Power Station and the western part of the 

Wadi Netanya South section loose sands arc deposited as the uppermost lithological 

unit. It is only a matter of time until these deposits arc superimposed by a weak soil 

under the present climate conditions. The formation of recent ;tt'olianites was not 

obseryed. 



7.2.6 Climate controlled model for the cyclical fonnation of acolianites and 
soils in the Eastern Mediterranean 

Most of the Eastern Mediterranean rainfall episodes arc now successfully Iinkl'd with an 

increase in strength of the Indian summer monsoon which also affects I ':ast A frica and 

the Sahara (African monsoon) or the Ncar East and the I ':astern Mediterralll'an (cp. 

K\LLEL et al. 2000, B.\R-~\TIHEWS et al. 2003, L\RR.\S().\N.\ t'I til. 20(H). Thl' major 

part of information derives from marine cores taken for example from the Jo:astl'rn 

Mediterranean, the Arabian Sea and the Bay of Bengal (e.g. K.\I.I.I-:1. t'/ (II. 2000, 1'::\1\ ':IS d 

al. 2003, L.\RR.\SO.\l\L\ ef al. 2(03). Early corcs from the Meditl'rrancan shmwd dark 

organic-rich sediments, sapropels, which had developed under anoxic conditions (c.p, 

ROHLI!\:G 1994). Dating and time correlations of these horizons showed them in phase 

with orbital precession minima and also with periods of low dust supply from thl' 

Sahara (cp. LOURENS et al. 1996, L\RR.\So.\N.\ e/ a/, 20():). It is Il1l'anwhik wdl 

established that sapropels develop under anoxic conditions at the sea-bottom, The 

anoxic conditions are caused by substantial amounts of monsoon -likl' ftl'shwatl'r 

supplies to the sea-surface which cause through varied salt concentrations a 

stratification of the water column. The stratification prevents an l'\'en exchangl' of 

oxygen between different layers. At the same time the increased precipitation generatl's 

a higher run-off from the adjacent lands, supplying high amounts of llutril'l1ts to the Sl'a 

(e.g. L\RR.\S(HN.\ et al. 2003, EJ\IEIS e/ al. 20(3). 

The monsoon-precipitation increases also affect East Africa, The '·:thiopian plateau acts 

as the catchment area for the Blue Nile and the Atbara river, Both rivers arl' tl'sponsible 

for 80 - 90 % of the main Nile river discharge (cp. IBR,\III:\\ 191)5, SlITCI.II'I'i': and 

P.\RKS 1999). Increases in monsoonal precipitation over the catchml~nt areas of the Blue 

Nile and the Atbara cause also higher amounts of sediment to he discharged from the 

main Nile river into its littoral cell in the Eastern Mediterranean (cp. I ,\RR.\~( >.\;\J.\ 1'1 iI/. 

2003), 

From the luminescence dating studies discussed in this thesis for thl' diffl'rl'nt lkposits 

in thc Carmel and Sharon coastal plains, and also thc climatic information :\vailabk for 

the Eastern Mediterranean area and Israel in particular (cp, Chapter 7.2.4), it seems t() 

emerge that there is evidencc for a possible cyclical climatic intl'rpretation of the coastal 

deposits which is directly connected with the mechanisms of monsoon-like prl'cipitation 

in the Eastern Mediterranean described above. ,\ climatically controlled model of 

cyclical aeolianire formation and soil pedogenesis is suggested, 
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R\R-~\TTHEWS et aL (2003) were able to show that during the recession of mons()ot1-

like rainfall over the Eastern Mediterranean, temperature increast's art' Jlott'd which art' 

the reason for the increasingly arid conditions at the enu of sapropel events. These 

changing conditions would allow at some point sand accumulation and tht, formation of 

dunes, specifically with higher accumulation rates shortly after tht, rainfall l'pisode, 

where through the increased precipitation higher sediment input into till' I ':astl'rn 

Mediterranean takes place. The consolidation of dunl's would hl' possibk through tht' 

precipitation seasonality which was maintained in the I ~astl'rn Ml'llitl'rranl'an during till' 

changing climates of the last interglacial-glacial cycle (cp. I ;RFt\:/.1 :,1. d til. I ()«)2). 

Sedimentation rates would most likely be lowered over time, according to the availahk 

supplies, and temperatures would adjust relatively to nOl1sapropelitic conditions. TIlt' 

next rainfall episode (sapropel formation) w()ulu han' startl'd with a sudden increase in 

average precipitation values, providing the necessary moisture for enhanCl'd plant 

growth and pedogenesis. The soil development would continllt' lIntil disrllptl'd through 

the next post-sapropel arid conditions and newly increast'd sl'diml'nt accumulation. " 

schematic example of three cycles is uemonstrateu below (hgllre 7.2/)a). 

The model is supportcd by somc findings of G\'IRTZH\t\: and \X.'IF!)I':R (211111) who 

describe that each cycle of soil formation they studied in thl' Mediterranean coastal plain 

of Israel has two signatures of climatic proxy e\Tnts. hrst thl' parl'!lt matl'rial is 

deposited and then soil formation takes place. Soil formation woulu COml' to an abrupt 

cnd if a new cyclc of sand accumulation begins. Most of the studit's of (;\'lIn/',:'II.\:\ and 

WIEDER (2001) were concerned with Holocene deposits in tht, Sharon coastal plain 

which they linked to climatic signatures. They also corrl'iatcd okkr parts of various 

palaeosol horizons, which they summarised as "Nl,tanya Palaeosols" (similar to till' 

stratigraphical name of "Netanya Hamra" of (;\'IRT/ . .\I,\t\: d iI/. !',)<)K). with climate 

events. They do not find a signature in the deposits for thl' cold and l'xtrl'mcl~' arid 

period in the Eastern Mediterranean equivalent to the timl' of the 1,( ;1\1. hut find thl' dry 

phase of the Younger Dryas well representco in thl' deposits. IlmVl'\'l'r. their 

correlations are diffcrent from the ones in this study, as soml' stratigraphical units Ihl'\' 

summarise are differently expressed in sections futhl'r North. 

In HOROWITZ (1979) the rubification of hamras is associatl'll wil h humid pl'riods, which 

also supports the correlation in the suggesteo model - that pe<.\ogl'lll'sis is ill phase with 

rainfall episodes in the Eastern Meuitcrranean. 
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Figure 7.2.6a: Climatically controlled model of cyclic,,/ ilCO!iUllitc form.1fiOfl 1111(/ !wil p cdogellesis 
(schematic). 

The majority of the observed hamras superimposed on acobanitcs and 'xposcd in th' 

Carmel and Sharon coastal plains show a gradual trnnsiti n towards th ' und 'rlying 

horizon, indicating il1 situ soil development after a phas of sa nd a umubtion through 

changing climatic and environmental conditions, 'l 'h upper cont"a t to th' 

stratigraphical younger aeolianite is usually shaq) and distinct, docum 'nting a sudtl 'n 

onset of sand accumulation that buries the underlying soi l (cp, ',~, Figure 1,1 d), 



7.2.7 Climatically supported chronostratigraphical correlation of ac()lianitc~ 
and palaeosols in the Carmel and Sharon coastal plains 

Several stratigraphical models were suggested for the correlation (If thl' al'olianitl' and 

palaeosol deposits in the Carmel and Sharon coastal plains (cp. 11< )R< )\\'1'1'1', I (n(), 

BOENIGK ef al. 1985, G"IRTZi\L\N ef al. 1994, 199H, C\'IIU'/.i\L\N and WII,:tW,I{ 2001, 

NEBER 2002, FRECHEN ef al. 2002, 20(4), Most of these wert' cOl'rcJatl'l1 hy lithological 

means. 

A new climate-event-stratigraphical model shall be added to the studies ahovt', TIll' 

model suggested here differs in that, with the help of luminescl'nn' ages, the deposits 

are correlated to the marine oxygen isotope stages and I ':astern 1\kditl'rranl':ln/Nl':lr 

East well documented climate events (cp. B,\R-M,\TJ'I(EW'S d ,iI. I(Y).'\, 1 ()<J7, 2{)()(), 200.'\, 

CLEMENS and PRELL 2003, EMEIS ef al. 2000a, 2000b, 2()(H, 1\1,\RTINS()t\: d til. I ()H7, 

K\LLEL ef al. 2000, MUR.H and GOT 2000, WFIL\USFN and BRll:\IS,\CK I()()(») (cp, 

Chapter 1.3,3), From these correlations the natural patterns hl'tWl'CIl I ':astl'rn 

Mediterranean climate events, which arc strongly controlled by monsoon-like rainfalls 

and correlate with marine oxygen isotope and sapropel records and also with terrestrial 

isotope speleothem records from two caves in Israel, and thl' diffl'rl·11t :H'olianitl' and 

soil deposits in the Carmel and Sharon coastal plain were estahlished. I ;ollowing t1ll'se 

analogues the aeolianite and soil deposits of the Carmel and Sharon coastal plain art' 

climate-stratigraphically correlated with each other, as presl'nted below (l"igurl' 7,2.7a), 

As described in Chapter 7.2.6 strong pedogenesis is most likdy coincidl'nt with the: 

more humid conditions in advance or during the bl'ginning of sapropd formations and 

connected with monsoon-like precipitation increases. Thl' youngl'st strong soils 

observable, which are well documented at a number of sections in the (:arml'l alld 

Sharon coastal plains, are hamras (cp. Figure 7.2.7a), hom thl' luminescl'ncl' ages the 

deposition of the parent materials took place under the generally arid conditions of 1\lIS 

2 and the time of the LGM. Therefore it is likely that pedogenesis was initiatl'll in 

advance of and during the commencing sapropel S 1 e\'t'nt, The pctiocompkx at Powcr 

Station Quarry East-wall shows different pedogenic phases that partly document the 

rainfall fluctuations during that time (cp. B.\R-I\L\'ITIII':\X'S ('/ (/1. 20(U). ,\h()\'l' these soil 

horizons strongly cemented carbonaceous whitish aeolianites are exposed at the sections 

of the cliff in the Sharon coastal plain which were most probably depositcd and 
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consolidated during the conditions of the ending sapropel S 1 event towards the 

Holocene climatic optimum. The interesting obscrvation that no al'olianitl' forml'd 

during MIS 2, as discussed above, can be explained by the extremely arid conditions 

during that time. FRENZEL e/ aL (1992) estimated a minimal prt'cipitation dl'creasl' 

compared to present-day conditions of 250 - 500 mm/a for that time. In the Sharon 

coastal plain strong soils are also exposed that show an oluer uepositiol1 agl' of thl~ 

parent materials in MIS 3. That the pedogenesis of thesl' horizons was initiatl'd by 

climatic fluctuations during MIS 3, documenteu by Lake Lisan, is assuml'll. Thl' exacl 

timing of Lake Lisan high stand events is not clearly uated yl't (cp. i\l.\(III.l1~ d til. 2()()(), 

L\]\;D~L\!\'l\i et aL 2(02). Further it is not clear if such high stands, which arl' lIsually 

taken to document moister conditions and increased precipitatiol1, han' Ihl' same 

precipitation and temperature characteristics as uescribed for the monsoonlikl' rainfall 

episodes connected with the sapropel formation (cp. B.\R-M.\Tl'IlI·:\X·~ d til. 200.)). ,\ 

further pedogenic phase seems to be well recorueu in the Carmcl coastal plain and also 

in the Sharon during the time of thc sapropel S2 formation (cp. \;igurl' 7.2.7a). The 

superimposed parent materials of these soils arc deposited shortly beforl' the S2 l'\TI1I 

or in MIS 4. It seems possible that the pedogenesis superimposing thl' socalkd 

Nasholim Sands in the Sharon can be correlated with strong soils in the Carmd, pl'rhaps 

reflecting simply the North-South precipitation gradient and/or differl'nn's in the 

composition of the parent material. Strong aeolianite formation is also documl'ntl'd 

shortly after the sapropel S2 event in MIS 3. 

Another cycle of pedogenesis can be observeu during the sapropel S.) l'\Tnl in thl' 

Carmel coastal plain. The parent material was depositeu shortly bdorl' thl' l'\Tnt or in 

MIS Sb/a. The correlations of the hamras at the sections Motorw:lY kill HS and I \'\B II 

are unsure. Aeolianite formation after the sapropel S3 event call bl' observl·d during the 

end of:i\HS 5, MIS 4 and the beginning of MIS 3 in the Carmd coastal plain as \Vl'1I as in 

the Sharon coastal plain (cp. Figure 7.2.7a). 

At the Habonim E-wall section the pedogenic phase during sapropd S4 also seems 

present. Older aeolianites and also probably two pedogenic phasl's an: rl'CCII'ded in I hl' 

Sharon coastal plain (cp. Figure 7.2.7a). The lower soil at the section .\tlit Railroad 

Bridge correlates with a periou of strengtheneu monsoon at the t SO ka insolatioll 

maximum (cp. E~lEIS e/ a/. 20(3). The correlation of the older deposits at I\\otol'way km 

8S is uncertain. 



The above model should not be seen as a fmal correlation of the deposits in thl' (:armd 

and Sharon coastal plain. As the exposures are complex and detailed, furthl'r studies 

concerning the dating of sediments and also of the amplitudes of I':astern Ml'ditl'rranean 

climates, will enhance the understanding of the deposits and their corrdariol1 to l':Ich 

other and climatic events. Therefore the model can be seen as an initial suggestion of 

how to correlate the cycles of pedogenesis and aeolianite formation with thl' rainfall 

episodes in the area. Its flexible and open form allows one to add information from 

additional deposits easily or to correlate differently according to other chronological and 

geological information. 



CONCLUSION 

The data obtained in this study add to the geochronological informatioll on aeolianites 

and palaeosols in the Carmel and Sharon coastal plains in Israel. Whik at till' outSl't of 

this study sparse geochronological information was availabk (1)( lR.\'!' and WIl\;TI.E 1 <)<)4, 

RrTIE et al. 1997), during the time of the study other datings on late Pll'istoCl'!1l' deposits 

in the Carmel and Sharon coastal plains were auued (.',g, H( INI·:N ('/ II/. t <)<)(), 

ENGEL",L\NN et al. 2001, FRECH EN et a/. 2001, 2002, 2()()4). ;\dditionally, intl'11sivt., 

pedological and sedimentological studies were carril'll out by 'J'~. \T~K I Nand j{( l~ FN 

(1999) and NEBER (2002) respectively, Through tht.' above·melltiont.'ll studies it was 

possible to suggest detailed stratigraphical m(){.lcls for the Cal'llll'l and Sharon coastal 

plains based mainly on lithology but assisted by luminescellcl~ dating (N FIII·:R 2()()2, 

FRECHEN e/ al. 2002, 2004). These models difft.'r from stratigraphil's suggt.'stl'd by 

HOROWITZ (1979), G\'IRTZl\.L\N e/ (/1. (1984, 199H) and (;\'m'!'/.~\'\N and WI/;.DI':R (ZOO 1) 

mainly for the Sharon coastal plain. All stratigraphical modds sllggestt.'ll arl' basl'd on 

the assumption that aeolianite formation and soil development are altt.'l'1lating pmcl'ssl's. 

In early studies the deposition was mainly attributed to sl'a-leycl fluctuations during 

glacial-interglacial cycles (cp. Chapter 1.4). In this study it is also suggestl'll thaI 

aeolianite formation and pedogenesis of strongly devclopt.'d soils art.' aitt.'rnating, hut that 

they correspond to Eastern Mediterranean climate ('vents such as l'pismles of l'nhann,d 

rainfall in the area. The chronologies of the deposits were invl'stigated with 

luminescence dating. 

Geochronological results 

The ages of the sections dated in this study showed that deposition of the horizons to()k 

place mainly during the last glacial - interglacial cycle and als() during the II ()locel1t.'. 

From the dating it can be confIrmed that the so-called kurkar ridges arc c()mposed of 

polycyclic deposits as suggested by F.\RR.\ND and R()NI':~ (1<)74) or NI':B1':R p)()~). 

The dated East - West transects over the kurkar ridges at the sections llahonim (~u;lrry 

- Dor-Habonim Nature Reserve Middle Ridge - Dor-Ilabonim Natun.' j{t.'sel'\'(,' (:O;lst, 

Hadera Power Station Quarry - South of Power Station -- Seashore Power Station and 

Wadi Netanya South - Netanya South Cliff did not n.'\"t'al age increases or decreases 
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(gradients) towards the East or the West as had been suggested by sonw authors. Thl' 

ages of the deposits confirm that all ridges are polycyclic, evidencing the deposition of 

sand most likely in palaeo-dune fields and soil formation during phases of 1()\Vl'J' or 

ceased accumulation. 

The synopsis of the data from this study with the data from othl'r luminesCl'ncl' dating 

studies on these deposits reveal clearly that in the Carmel coastal plain oldt'r dqlOsits arl' 

exposed than in the Sharon (cp. Figure 7.2.5a). In the Carmel the oldest sediments arc 

dated along the Tel Aviv - Haifa motorway at the section Atlit Railroad Bridgt', which 

were deposited during MIS 6 (cp. FRECHEN c/ al. 20(4), while in thl' Sharon the oldest 

sediments dated are exposed at the section Power Station (~uarry Wt:st-wall and 

deposited during MIS 5. Whether these differences arc connected with uplift in Ihl' 

Carmel in contrast to the Sharon is not certain. Through the synopsis it is also clt'ar, that 

there is no aeolianite formation during MIS 2 at the investigated longitudt·s, and ,his is 

most likely connected with the extreme arid and also colder condilions during thaI liml'. 

Whether the distance to the sediment source and the lower sea levcl during thl' time of 

the LGM played a role in the cause for the missing aeolianites is not clt-ar. It is also 

uncertain whether MIS 2 aeolianites can be found in offshore SllcCl'ssions. ()\'l'rall tht' 

data obtained in this study fitted well with the established agl's of other studil's in thl' 

Carmel coastal plain (FRECHEN ct al. 2004) and in the Shal'On (p( HUT and WINTI.Jo: 

1994, RITTE ct al. 1997, ENGEUvL-\NN c/ al. 2001 and FRECIIEI\i 1'1 al. 2001, 20(2). 

The ages calculated for sections at the Hadera Power Station (~uarr)' and also mort' 

western sections in the vicinity of the Power Station at Hadera showed that thl' lit-posits 

revealed a transition from the older deposits in the Carmel coastal plain to thl' younger 

deposits in the Sharon (cp. Figure 7.2.5). The upper part of the pl'docompkx at thl' 

section Hadera Power Station East-wall can be considered as Fpi I'alal'o\ithic hamra 

JcnJII ROI\EN (1983) with deposition ages during MIS 2 and soil de"clopml'!1t during thl' 

sapropel S1 conditions, Apart from older deposits exposed in the Carmd compared to 

the Sharon, there is also a difference in the development of soils obsel'"abk between thl' 

two coastal plains. In the Sharon coastal plain there arc in addition to hamr:ls also weak 

soils (regosolsl arenosols), while in the Carmel coastal plain strong soils are prominent. 

Apart from the differences or joint characteristics of thl' Carmel and Sharon c()astal 

plains it was possible through the obtained luminescence ages of this study and als() the 

luminescence ages of other studies carried out in the Carmel and Sharon c()astal plains, 
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to compare the deposition ages of aeolianites and palaeosols with I ':astern 

Mediterranean climates during the Penultimate Glacial and the last glacial-interglacial 

cycle. The Eastern Mediterranean climate during this period is well documl'nted through 

isotopic and sedimentological studies of marine cores and also spcieothems of two 

caves in Israel (e.g. K\LLEL et al. 2000, L\RR:\S( ),\N:\ et a/. 20()3, B.\R-M.\TI'III·:\\,S 1'I,i/. 

2003) and is strongly structured by episodes with enhanced rainfall and phasl's with 

much less precipitation. The episodes with enhanced rainfall cause tlw formation of 

sapropels in the Mediterranean and appear in interglacial periods (sapropels SS, S4, S.\ 

Sl) but also during glacial times (S6, S2). But thcse rainfall episodes do not always GIUSl' 

sapropel formation; this is documented by thc precipitation episode at about I SO ka HI> 

during MIS 6 (E:-'IEIS e/ al. 2003). During the end of MIS .3 and the transition to I\IlS 2 

Lake Lisan (Dead Sea predessesor) high stands are reportl'd which point also towards 

humid climatic phases (cp. L\NDM.\NN et a/. 2(02). 

The comparison of the deposition ages of thc aeolianites and the palal'oso\s with 11ll' 

climatic events in the Eastern Mediterranean (marine cores) and Isracl in particular 

(speleothems from the Soreq and Pequiin caves) seem to SUggl'St that both till' 

deposition of aeolianites and parent materials of soils, as well as the pedogl'nesis of thl' 

soils, arc connected with the cyclicity of recurring enhanced rainfall. The rainfall 

episodes are characterised by sudden rises in precipitation connected with precession 

minima and increases in monsoon strength; during the event t1w amounts of 

precipitation decrease, while temperatures increase, leading towards arid conditiolls al 

the end. At thc beginning the increased precipitation during such eVl'nts k~ads to a 

higher run-off and the supply of nutrients to the sea, which increases bioaCI i\'ity. Tht, 

sediment discharge of the river Nile also increases with the monsoon stn'ngth through 

higher precipitation and run-off from the Ethiopian plateau. 

According to the luminescence data aeolianite formation took place closely aftw or al 

the end of enhanced rainfall episodes, but also generally between two such l'pisodl's .. \t 

the end of enhanced rainfall episodes aeolianite formation is most probable as high 

amounts of sediment are available and increasing arid climate conditions furthl.'r sand 

accumulation, but also increased amounts of carbonate an' available through incrl.'asl'd 

bioactivity, which is necessary for the carbonaceous consolidation ()f tl1<.' dunes. Initially 

high accumulation rates probably adjust according to supply of sediment. A I the l'ntl ()f 

periods in between rainfall episodes sand accumulation raks are most likely Imv. \Vith 

the sudden onset of the next episode of enhanced precipitation. accumulation prohably 
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fully ceases and pedogenesis takes place forming the strong soils obser\'Cd between 

aeolianites in the Carmel and the Sharon coastal plains. The soil dt'\'('lopnH.'nt c()lltillm's 

until the climatic conditions again become drier and a new phase of strong s('diment 

accumulation commences (cp. Figure 7,2.6a). 

It was possible to correlate the deposits of the sites dated III this stud\' and als() tb(· 

sections in the Carmel and Sharon coastal plains dated by otlH.'rs, with the aIm\'(' 

outlined model of aeolianite formation, parent material sn.lim('ntation and soil 

pedogenesis. The horizons of the differcnt sites wen: corrdatnl act"lll'liing to tilt' 

luminescence ages and the above-prescnted model. A new climatt'-t'\'Cntstratigraphical 

model for the correlation of the aeolianite and pa\aeoso\ deposits in th(' (:armd and 

Sharon coastal plains is suggested, in which at least four pnlogenic phas('s can hI..' 

correlated with episodes of enhanccd rainfall in the area (cp. (:haptl'r 7.2.7). 

Limitations 

The limitations of thc study arc already evidcnt in the choice of tht, sampling points. It 

was only possible to sample on-shore acolianite and soil succl'ssiol1s amI tIll' sampling of 

East-West transects was limited. Also it must be noted that most of thl' samp\t's dated in 

other studies are either from sections from thc main ridge along the motorway in till' 

Carmel coastal plain (cp. FRECHEN ct a1. 2(04) or from the coastal cliff in the Shamn 

coastal plain (cp. POILU and WINTLE 1994, RnTE e/ al. 1997, EN<';)·:L\I.\NN d ,iI. 2()()I, 

FRECH EN et al. 2001, 2002), so that in a comparison with these data the longitudinal 

situation along the coastal plains is rcflected. It is not clear if deposits of at'olianitl's 

several kilometres offshore seen in scismic profiles and also known offshort, fmlll 

drillings (e.g. POILU et al. 2003) would contain additional informati()n. 

Methodically, certain aspects like thc somewhat higher lR-OSL eljuinlent d()sl's 

compared to the TL equivalent doses could not be explained satisfactorvlv. ,'Is() 

radioactive disequilibria are uncertain. J;ading ratios could be higher in individual 

samples than in the tested ones and overall the tests carried out can onl)' bt· spot checks. 

A major factor in the age calculation is thc palaeowater content, which is spt:cifically 

difficult to estimate in Meditcrranean climates with strong precipitatiot1 sl'as()t1alilies 

between winters and summers and also alternating with the monsoon strength. ,\Iso the 

internal potassium contents could not be determined and the theoretical valul' hy 

HUNTLEY and B.\RIL (1997) was used for the age calculatiolls. hlrthl'!", c()smic d()se 
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rates can only be coarsely assessed in sections with large hiatuses of 30 to 50 ka and 

unknown erosion rates. 

Chronologically the relatively large errors of the age estimates do not allow correlation 

exactly and certain horizons could not be distinguished from others hy the (lbtained 

luminescence ages. 

Flltllre research 

Future research could therefore entail the sampling of off-shorl' lIl'olianite lil-posits III 

transects with on-shore deposits, to establish whether off-shorl' sucCl'ssions arl' similarly 

composed and show comparable ages to on-shore deposits and also to find out wlll'tht.'r 

MIS 2 aeolianites exist further West. 

At the coastal cliff in the Sharon different sections apart from tlw socalkd I ':pi 

Palaeolithic hamra also show older horizons with strongly developed soils, hut Whl't her 

in the Sharon older interglacial deposits are exposed and how they would condale with 

pedogenic horizons in the Carmel coastal plain and also with interglacial rainfall 

episodes is uncertain. It could therefore be worth dating sections with ll1ultipll' hamra, 

aeolianite and sand successions, as exposed in quarries by Nordiyya. hll' l'xampk, 

quarry Nordiyya B lies East of Netanya and is reached from the petrol station hy 

Pardessiya Junction over a track that leads to the section (dirl'ctions from fidd hook 

entry). From the bottom to the top a hamra, sand, hamra, aco1ianite, sand and another 

hamra are exposed. Quarry Nordiyya A can be reached over road nllmbl'r 57 in till' 

direction of Nordiyya, Ganot and Hader and lies shortly before Nl·tanya is n:achnl in 

the so-called second ridge (directions from field book cntry). The sucCl'ssion of lil-posits 

consists of an aeolianite, a hamra, sand and another hamra. At ot\ll'r plaCl'S with a 

different succession of deposits perhaps a further hamra is exposl~d. 

A key for the understanding of the deposition and dc\'elopl11l'l1t histor\, of 

pedocomplexes and multiphased soils is pedo-microl11orpho\oh')'. It could therefore IH.' 

helpful if further soils were investigated by this method. 

Deposits of key sections could be dated with the method introduced hy \' ( )(; 1:1, 1'1 Iii. 

(1999) which overcomes changes in the environmental dosl~ ratl..' caused by disl'lluilihria 

or varying moisture content (cp. Chapter 4.13.5). Thc method could Ill' particularly 

useful for dating the strongly lithified aeolianites of the (:armel coastal plain where 

disequilibria cannot be excluded. Also the mcthod seems getll'rally suited to date 



deposits from a strongly precipitation seasonal environment. The precist· internal d()se 

rate determination required for this approach could be carried out with tht, ml:thuds 

advanced by DDTSCH and KRBETSCHEK (1997) (cp. Chapter 4. n.1). Jo'urtl1l'r 11H:th()t\s 

for comparison could be the SAR protocol applied to quartz (MURR.\ Y and WINTl.I·: 

2000) or to K-feldspar (W.-\LLING:\ 2000a). 
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ApPENDICES 

Appendices of this study 

In Ihe appendieel' Ihe (a/m/alionJ./or the co,rmit do.re mte,r q/tlil' l,rml'li ,raIJ/pkr IlIlfllhl' 11'.Iltil.l/o" till)' 

nne deplh are,~il!en (IP. Chapler 5.5.2). 
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Appendix 1: Calculation of the COSffilC dose rates for the Israeli 
samples 

Considering the depth dependence, the cosmic ray dose rate Do at Sl'a lc"d at 55° 

geomagnetic latitude was calculated after PRESO fiT and Hlrrn)N (1994) with thl' 

experimentally estimated bulk density (cp. Chapter 5.5.2) (E'luation App I a). 

(I ':'luatioll A pp I a) 

The depth I in a sediment column is expressed in this c'luation as X in hg elll~. 

considering the bulk density p of the sediment in hg cm 1 (E'luation App I h). 

x ( hg }) = p ( hg ) * I (em) _ 3 
em em 

(/':'llia ti()n A pp I h) 

The constants are used as given in PRESCOTf and HUTroN (1994) (/':l)lIatioll App k). 

(i':lluation ;\pp k) 

To ftnd out the geomagnetic latitude A., used in the calculations for thc cosmic ra\' dllSl' 

rate of the Israeli samples, a theoretical point was chosen with thc geographic latitudl' () 

= 32° 29' (32.48°) and the geographic longitude ¢ = 34° 54' (34.9()0). This point Iil'S 

longitude-wise about half way between the sampled sections and is latitudl··wis<.· in tIll' 

north-western part of the Sharon coastal plain. 

The geomagnetic latitude A. for this point was calculated owr El1uatioll App III gi\'l'n 

by PRESCO'll' and HUTTON (1994) based on McNISH (19.10). 

sinA. =0.203 cosO cos(¢-291) +0.979 sinO (I':'luatioll .\pp Ill) 

sinA =0.203 cos32.48 cos(34.90-291) +0.979 sin32.48 

A = 29.00° 

With Equation (App le) dose rate f) for the gcomagnctic latitudc A. = 2().OOO can Ill' 

determined after PRESC< >1T and HlTJ'()N (1994). 

D = Do ( F + J * e (~j J) 

2XO 



The values for F, J and H are graphically determined from PRJ(SC< fIT and HllTI"I)N 

(1994, Figure 2) (cp. PRESCOTT and STEPHA.N 1982) using the abm'l' calculated 

geomagnetic latitude A. 

F = 0.28 

J = 0.69 

H =4.18km 

Further was in Equation 5.3.ge h = 0 Ian inserted as altitude, as all tl1l' sections in this 

study are just above sea level and the difference is negligible. 

In the case of the Israeli samples one calculates with h = 0 km as follows (i':l)uation 

App 1£). 

D = 0.20995539 '" ( 0.28 + 0.69 '" e 4~8 ) (I ':quation App 10 

D = 0.204 Gy/ ka = 204 f.lGy/a 

The results of the calculations for a depth I are given in Appendix 2. llncertainties of 

± 10 % were considered for the age calculation. 
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Appendix 2: Cosmic dose rate D cos for sample depth 

Depth Cosmic Depth Cosmic Depth Cosmic Depth Cosmic 
(cm) dose (cm) dose (cm) dose (cm) dose 

rate rate rate rat. 
Dcos Dco. Dco. Dco. 

(Gy/ka) (Gy/ka) (Gy/ka) (Gy/ka) 

0 0.204 196-200 0.155 494-501 0.106 1078-1096 0.057 

1-4 0.203 201-205 0.154 502-509 0.105 1097-1115 0.056 

5-7 0.202 206-210 0.153 510-518 0.104 1116-1135 0.055 
8-11 0.201 211-214 0.152 519-526 0.103 1136-1155 0.054 
12-14 0.200 215-219 0.151 527-534 0.102 1156-1176 0.053 
15-18 0.199 220-224 0.150 535-543 0.101 1177-1198 0.052 
19-21 0.198 225-230 0.149 544-551 0.100 1199-1220 0.051 
22-25 0.197 231-235 0.148 552-560 0.099 1221-1242 0.050 

26-29 0.196 236-240 0.147 561-569 0.098 1243-1266 0.049 

30-32 0.195 241-245 0.146 570-578 0.097 1267-1290 0.048 

33-36 0.194 246-250 0.145 579-587 0.096 1291-1315 0,047 

37-40 0.193 251-255 0.144 588-596 0.095 1316-1340 0,046 

41-43 0.192 256-261 0.143 597-605 0.094 1341-1367 0.045 

44-47 0.191 262-266 0.142 606-615 0.093 1368-1394 0,044 

48-51 0.190 267-272 0.141 616-624 0.092 1395-1422 0,043 

52-55 0.189 273-277 0.140 625-634 0.091 1423-1451 0,042 

56-58 0.188 278-283 0.139 635-644 0.090 1452-1481 0,041 

59-62 0.187 284-288 0.138 645-654 0.089 1482-1512 0040 

63-66 0.186 289-294 0.137 655-664 0.088 1513-1545 0,039 

67-70 0.185 295-300 0.136 665-675 0.087 1546-1578 0,038 

71-74 0.184 301-305 0.135 676-685 0.086 1579-1613 0,037 

75-78 0.183 306-311 0.134 686-696 0.085 1614-1649 0,036 

79-82 0.182 312-317 0.133 697-707 0.084 1650-1687 0,035 

83-86 0.181 318-323 0.132 708-718 0.083 1688-1727 0,034 

87-90 0.180 324-329 0.131 719-729 0.082 1728-1768 0,033 

91-94 0.179 330-335 0.130 730-741 0.081 1769-1811 0,032 

95-98 0.178 336-341 0.129 742-753 0.080 1812-1856 0.031 

99-102 0.177 342-347 0.128 754-764 0.079 1857-1903 0.030 

103-106 0.176 348-353 0.127 765-777 0.078 1904-1952 0,029 

107-110 0.175 354-360 0.126 778-789 0.077 1953-2004 0.028 

111-114 0.174 361-366 0.125 790-801 0.076 2005-2059 0,027 

115-119 0.173 367-372 0.124 802-814 0.075 2060-2117 0,026 

120-123 0.172 373-379 0.123 815-827 0.074 2118-2178 0,025 

124-127 0.171 380-385 0.122 828-841 0.073 2179-2243 0,024 

128-131 0.170 386-392 0.121 842-854 0.072 2244-2312 0023 

132-136 0.169 393-399 0.120 855-868 0.071 2313-2385 0,022 

137-140 0.168 400-406 0.119 869-882 0.070 2386-2464 0,021 

141-144 0.167 407-412 0.118 883-896 0.069 2465-2548 0,020 

145-149 0.166 413-419 0.117 897-911 0.068 2549-2638 0,019 

150-153 0.165 420-426 0.116 912-926 0.067 2639-2736 0,018 

154-158 0.164 427-433 0.115 927-941 0.066 2737-2842 0,017 

159-162 0.163 434-441 0.114 942-957 0.065 2843-2958 0.016 

163-167 0.162 442-448 0.113 958-973 0.064 2959-3085 0.015 

168-172 0.161 449-455 0.112 974-989 0.063 3086-3225 0,014 

173-176 0.160 456-463 0.111 990-1006 0.062 3226-3380 0,013 

177-181 0.159 464-470 0.110 1007-1023 0.061 3381-3510 0.012 

182-185 0.158 471-478 0.109 1024-1041 0.060 

186-190 0.157 479-486 0.108 1042-1059 0.059 

191-195 0.156 487-493 0.107 1060-1077 0.058 
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