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 1948-2011טננבאוםאלי

עתבטרםהשנהאותנועזבטננבאוםליאר"ד

הוא .הסרטןבמחלתממושךמאבקחראל

מהמוביליםנפטשלגיאולוגוגיאוכימאיהיה

 ,מחקריובזכותבעולםורץאבוהתפרסםרץאב

גדלאלי .הסנובייםהשמןפצליבנושאבעיקר

שוןאהררואהתלימודיאת .הללביתבמושב

ריוןוגבןוניברסיטתאבעשהבגיאולוגיהוהשני

השלישיראהתותאוקיש)חנן .פרופ(בהנחיית

 'פרופ(בהנחייתהעבריתוניברסיטהאבסיים

סטרינסקי).אברהם 'ופרופידנשטטאבאד

רובמקעסקהאשרשלוהודקטורטעבודת

נדבךמהווההמלחיםבאגןוהאספלטיםהנפטים

 .דהאדורשלוהגדהנפטמערכתבהבנתחשוב

דוקטורטפוסטבמסגרתהשתלם 1983בשנת

 UCLAבאוניברסיטתקפלן 'פרופשלבמעבדתו

כמנהלשניםמספרעבדכךחראולס'נגאבלוס

בפיתוחעסקשם , ScWumbergerבחברתאגף

בדמןהידרוקרבוניםשלישירלזיהוישיטות

מותוועדדאמ .רצהאמשפחתועם 1988בשנתלחדורהעדיףומיתאבינלקריירהלושנכונהלמרות .קדיחה

עםגבוההטיתינלאיכולתשילבליאם.לועובץראבלחברותוכימיהאגיוהגיהוהגיאולבתחומיבייעוץעסק

ראהשביןוכללוומגווניםרביםוהיייםעוצהמקעיסוקיוולוגים.אגיתהליכיםשלמעמיקההבנהורחבהיהאר

הפוספטיםחקר ,מחצביםוהשבחתמינרולוגיה ,הידרוקרבוניםשלכימיהואגי ,והגדהנפטחיפושיםותחתא

מתוךנפטשלההפקהפשרויותאתאבדקמותולפניעסקבודולגבפרויקט .ועודהסנובייםהשמןופצלי

המקצועיתדרכוכללאורך .חיתלבמכללתולוגיהאבגיקורסלימדףאאהוסין.בדרוםאספלטייםחולות

גילוייתאותאלרזכהמנםאאהו .לאשריבהידרוקרבוניםשלגדוליםגריםאמלקיוםלאבפוטנציליאמיןאה

 .לקידומהרבותפעלשראנרגיהאהמהפכתשלמפירותיהליהנותהספיקאלךאביםשוניםאהרהגד
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לגג(בוני)ברבושללזכרודברים

 1976שנתבאביבלראשונהפגשתיבוביאת

 .באשקלוןהגיאולוגיתהחברהשלהשנתיבכנס

עולהעםחדרלחלוקהמארגניםי"ענתבקשתי

לוולעזורמרוסיההגיעעתהשזה ,גיאולוגחדש

מרשימה,הייתההופעתו .בכנסהמתרחשבהבנת

פניתיכאשרונבון,פתוחומבטותואריפהאיש

ברוסיתוסיפרטעותיעלאותיהעמידברוסיתאליו

עלהוכימרומניהשמוצאואנגליתומעטבסיסית

הוריו.בעקבותארצה

התידדנוובמהרה ,הליכותנעיםאישהיהבובי

במכוןלעבודהשנהבאותהעודהתקבלוכאשר

שעלהבעבודה,קולגה .מאודשמחתיהגיאולוגי

באוניברסיטתולמדהחמישיםשנותבסוףמרומניה

נחשבשבוביליסיפרבה,למדכשבוביבוקרשט

דבר, 10ציוניוכשכלהתיכוןהספרביתאתשסייםליסיפרהאשתולוצ'י .המעוליםהתלמידיםלאחדשם

בגיאולוגיהכשבחרכניסה.בחינותוללאשירצהאוניברסיטאיתפקולטהבכללבחורהזכותאתלושהקנה

הנדסה.אוכרפואהיותרמכניסבמקצועלבחורלווהציעמכךלהניעוניסהאביו

האוניברסיטהלהנהלתכשנודעאולםהדוקטורט,עבודתאתמיידהחלהשניהתוארלימודיאתכשסיים

במכוןטכנאיםבדרוגכגיאולוגועבדמהאוניברסיטהגורש ,לישראלהגירהבקשתבעברהגישהשמישפחתו

עבודתאת .הרומניהגיאולוגיבמכוןכחוקרלעבודחזרשניםמספרלאחרורקגיאולוגייםלסקריםהממשלתי

 . 1974בשנתהגישוהגיאוכימיההמגמטיתהפטרוגרפיהבתחוםשעשההדוקטורט

והעקביתהשיטתיתובדרכובאשדודלאולפןגביובנולוצ'יאשתועםיחדהצטרףלישראלעלייתועםדימ

נקלטהמעולההמקצועיתומיומנותובעבריתשליטתותבונתו,עקבהעברית.השפהעלבמהירותהשתלט

האקדמי.הדרגותבסולםבמהירותוהתקדםהגיאולוגיבמכוןבנקל

הקנוזואייםהסלעיםרצףעלרביםמחקריםערךוהוא ,מגמטיתגיאוכימיההיתהלנגבובישלמומחיותו

נפטמקידוחידוגמאותעלוכן ,וסיניתמנע ,רמוןבמכתשהמסוזואיהמגמטיהרצףעלובחרמון,בגולן

עבודותופיוסם ) K-Ar, Ar-Ar (איזוטופיותבשיטותבתיארוךהתמחהעבודתושנותבמהלך .הארץברחבי
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סייעוכןנוספיםומקומותדלתוןברמתבגולן,בישראל;שוניםבמקומותוולקניזםומנגנוניתאריכיעלרבות

בהונגריה,ותיארוךוולקנולוגיהמחקריערךלישראלמחוץפריהיסטוריים.בזלתכלישלארכאומטריה

ערךבוביפרישתו.לאחרגםבושהשירנושאהרדוןשפיעתבחקרפעילהיהבוביומקסיקו.גרמניהרומניה,

וספציפית.גבוההטכניתמיומנותבושנדרשתנושאבמכולים,נוזליותאינקלוזיותבחקרייחודייםמחקרים

ליגניטמרבציכגוןלהתמחותו,שמחוץבנושאיםגםמחקרעבודותאותונשאוהמדעיתורבגוניותוסקרנותו

המלחיםבבקעהקרקעבתתתמלחותלאיתורבמחקריםוהשתתפותהחולהבאגןלימנולוגיהופליאו

 . TDEMבשיטת

הקהילהלהכרתגםזכהשנהבאותההאנרגיה.משרדשלמצטייןלעובדלגגבובינבחר 1994בשנת

האסכולהונציגחדשכעולהשהצטרףאחרישניםח"יהגיאולוגית.החברהנשיאלהיותונבחרהמדעית

המתפתחת.הישראליתהגיאולוגיתלקהילההותיקההאירופית

היוועוזריםחבריםעםיחסיוחיבה.לורחשומיודעיווכללבריות,ונחצנוערעים,אישהיהבוביזאתעםיחד

ברחביחדשיםידידיםהצטרפולשבתוניםמיציאותיואחתשבכללואופייניעת.בכלוידידותייםהרמוניים

המפגשיםלטובהוזכוריםמקסיםמארחהיההואלעמיתיו.לסייעואהבלעזרהפתוחתמידהיהבוביהעולם.

תרבותשלמובהקנציגהיהבוביאחרים.במחוזותוהתחנךגדלכיבוניכרלוצ'י.אשתועםביחדבביתו

ביציאותינוומעמיקות.נרחבותהיונוספיםרביםונושאיםספרותבמוסיקה,ידיעותיוהקלאסית.אירופה

ואופרה.מחזאותבספרות,ותובנותיובבקיאותואותימפליאהיהלשדההמשותפות

אתגייסזולהדרכהברומניה.הגיאולוגיתהחברהשלמשתתפיםרבסיורוהדריךיזםבובי 1986בשנת

לאמשתתפיושכלמרתקסיורזההיהדימיטרסקו.רדוהדוקטורטבעבודתומדריכוהנערץמורהואתגם

ישכחוהו.

מיעטהואונכדיו,בנומשפחתלמגוריקרובלציוןבראשוןלהתגוררועבר 2002בשנתלגמלאותפרשבובי

ומוסיקה.ולקריאהידידיו,עםוקשריולמשפחתווהתמסרבגיאולוגיהלעסוק

מגוריומקוםבסביבתוחנויותבמסעדותבקיאותוהפגיןרענןנראהוהוא 2011מרץבחודשבוביאתביקרתי

הפתיעהאוגוסטלחודש 20במותועלהידיעהמנסיעותי.כשאחזורבחגיםשובלהפגשנדברנוהחדש.

בחו"ל.שהותיבעתאותי

הגיאולוגיהמחקרעלחותמואתולהטביעהשניםרבתקריירהלבנותזכההואבמותו. 74בןהיהלגגבובי

שופעוחרוץ,חכםענו,כאישיזכרוהואשרחבריולכלאלאלמשפחתורקלאיחסרהואישראל,ארץשל

והומור.חיים

ברוך.זכרויהיישכח,לאהוא

לןוסהדב
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Prof. Eliezer Ganor 1935 - 2011 

We regret to announce the sudden death of our friend 
and colleague Prof. Eliezer Ganor 

Eli Ganor was born in Tel Aviv. His academic studies 

were carried out at the Hebrew University of Jerusalem 
where he received his M.Sc. חi Physical Geology and 

his Ph.D. in Geology. His Ph.D. thesis {published in 
1975 and carried out under the supervision of Prof. 

D.H. Yaalon) was entitled "Atmospheric Dust חi lsrael 

- Sedimentological and Meteorological Analysis of 
Dust Deposition ." This was a seminal work that was 

the basis of future research סח the atmospheric dust in 
lsrael; work which continues until this day and is of ever 

increasing interest and importance. Eli's principal post-doctoral studies were at the 

State University of New York, Albany where he specialized in Cloud Physics. 

Eli's scientific career was characterized by his many fields of interest and his 

collaboration with a large number of fellow scientists - lsraeli and foreign. This 
is illustrated by a long list of publications in the fields of geology, pedology, 

meteorology, toxicology and environmental science, to name but a few. Amongst the 
major projects he carried out we mention here only his participation in the Meidex 
project to measure atmospheric particles in space, his work סח dust precipitation סח

Lake Kinneret and his career-long work סח the microscopy and electron-microscopy 
of individual atmospheric particles. 

Much of Eli's career was spent at the Research lnstitute for Environmental Health 
belonging to the Ministry of Health and this was reflected in his keen interest in 
pollution studies and other factors relating to the effect of the environment סח

mankind. ln particu lar, Eli was lsrael's leading expert סח asbestos. ln later years Eli 
completed a master's degree in Occupational Health at Tel Aviv University. After his 
retirement from the civil service, Eli continued his scientific work at the Department 

of Geophysics and Planetary Sciences of Tel Aviv University. 

Eli Ganor is survived by his wife Margalit, his daughters Osnat, Li'at and Gili and by 

his four grandchildren. He will be sorely missed by them, by his extended family and 
by his friends and colleagues from all over the world. 

Henry Foner 
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ז'קישראל(אמריטוס)פרופסור

במלחמת . 1927בשנתבחיפהנולדישראל

ללימודיפנהכךואחרם"בפלישרתהשחרור

סיוםלאחרהעברית.באוניברסיטההגיאולוגיה

שהיההגיאולוגיבמכוןלעבודהחללימודיו

בשנות .בארץגיאולוגילמחקרהממשלתיהמרכז

מוסמךלתוארעבודתואתאתסייםשםעבודתו

בשנתכךואחררמון)במכתשהטריאס(על

שלהגיאולוגיהעלהודקטורעבודתאת 1967

זמןשלמושגישאםהמלח.יםבבקעסדוםהר

מחציתזמן ,למחקראולמאמרחייםמחצית

הוא .במיוחדארוךאלהעבודותיושתישלהחיים

שלההיווצרותמנגנוןלהבנתהיסוודתאתהניח

שישההשלכותואתהמלחיםבאזורהמלחגופי

שהיהבמההעבריתבאוניברסיטהלעבודהתחיל 1968בשנת .האזורשלהגיאולוגיתההיסטוריהעללהם

תמלחותשלגיאוכימיההיההתעסקותותחוםהארץ).כודרלמדעיהמכון(כיוםלגיאולוגיההמחלקהאז

 .בעולםהתפרסםבוואבפוריטים

 .לפניוחדשיםשלושהנפטרהחנהאשתו .ותמרעומר ,ובתבןחיהנ .במותוהיה 84בן
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 zoגגלשנתמיללוידו"ח

בפיה mעהמ mעפילדבברוחשןמדיןעהמתוותלרשםלהגישעהמתוהודעוחבריבזאתמתדבכים-1980תשייםהעמתוות,לחקוא 37ל.עסיףבהאתם
חאמור:לחקוחשילש•תתבותפסשמפרוט

- ss =מפסריר> 1נעמשיראליתחביארליבית mחחבעהמתוה;שם 000" 84 "1s 

 : 2011בשתנשעצובו mגיירpיעפתולונ.

דיקםורוצלךעחמחתוע"ישניצמו mעח•רק• mניפהלו
ףדח•חשתנמבךלחח m<מטר

למיפועבםאתח mניפהלוציבלעוח mעחמע"ישתאצוחםמס
הכיפסודבייח

 84,681.86רמןוצםבפחעדמ•נכסא.

 m Z0,104.80תעפלו• mחאבnב.

z . 2011בשנתהעמותהשלהארגוניהמבנה : 

חודעו;חרב•

אחרוןמיניואתריךמספרזחותושסחברחעוד

 23.03.2011 51957512וחופשטטררמידי'ר

 23.03.2011 30960314וסיורןדוריתך 11ן

 23.03.2011 011350063ובנימדדבב

 23.03.2011 037350741ויניבמריג

 23.03.2011 025629122ולו•אדדל

 23.03.2011 029509536ויואבחנמיאס

 23.03.2011 040025207ודבירעמרי

וםב: 2יב !!m!חרבי

חארןומ•ניואתר•ךמפטרזוחתחרבשם

 23.03.2011 55702856אבנייובאדייר

 23.03.2011 5559604סנלדךעמירדייר

 23.03.2011 54304461גיתנחןנדייר

חית,גם;מורשי

ופתיקדמפטרזחותהחתימהמרושהשם
 1נשיא 51957512חופשטטררמידייר
 1גורב 29509536מיאס Nיואב
וודעורבח 40025207דבירעמרי
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Endangered ancient coastal 

settlements in Ashkelon region

l Sea level rise and coastal erosion- the time perspective: Most 

civilizations and urban centers in the world evolved in the last 4000 years 

during relatively stable sea level condition. During the 20th century a sea level 

rise of about 0.2 meter was recorded all over the globe. Predicted sea level rise 

in the 21th century is up to about one meter. Such rise will have crucial impact 

on coastal regions. While urban centers and living human societies can adapt, 

change and move, coastal archaeological sites can not. After four millennia of 

relative stability, we are facing a rapid global sea level rise. Records from the 

last million years indicate that sea level can reach as high as + 7 meters above 

present sea level even without human intervention. 

l Human intervention and coastal development: The Mediterranean 

region is considered to be the cradle of many civilizations, religions and cultures. 

The cultural and the natural heritage of the Mediterranean countries were and 

are strongly modified by climatic change and human intervention. 

In recent decades marine and coastal environments were intensively disturbed 

by human activities. Massive construction works took place along the 

Mediterranean coasts. Archaeological evidences for coastal-marine, including 

coastal and underwater archaeological sites recording an evolution lasting 

millennia, are rapidly eroded and destroyed. There is an extremely narrow time 

span to salvage, protect and preserve the coastal and marine cultural resources 

of the Mediterranean.

∞μa
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l The Israeli perspective: The coastal archaeological heritage of Israel 

reflects important chapters and events in the history of humanity, including 

the Neolithic revolution and the appearance of the first Empires. It contains the 

physical evidences for the foundation of the major monotheistic religions and 

other major historical events. Human activity in the coastal region (particularly 

sand quarrying and the construction of marine structures) resulted in an extreme 

shortage of sand along the coast, rapid erosion and destructive effects on coastal 

and underwater sites. The problem has been exacerbated by the global rise in 

sea level over the last century. Ancient sea walls, structures and installations 

are collapsing (fig. 1). The coastal settlements at risk (fig. 2) can be classified 

into three categories: Fortified coastal cities with a sea wall, founded on a rocky 

platform; stratified coastal tells and submerged Neolithic settlement. Erosion 

rate in several locations is more than one meter per year. The coastal settlements 

Figure 1. A tentative typical cross section of the coast with the risk factors to which the 

antiquities are exposed to in the different regions, at different depths.
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Figure 2.  Map demonstrating the Main endangered coastal settlements in Israel. 
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at risk (fig. 2) can be classified to three categories: Fortified coastal city with sea 

wall founded on a rocky platform; stratified coastal tell; Submerged Neolithic 

settlement. If this process continues, a significant portion of the coastal and 

marine cultural heritage of Israel will disappear and archaeological, tourist and 

economic assets of great value will be lost. 

l Actions taken by Israel to rescue the coastal and underwater cultural 

heritage: Israel conducts a series of actions including: monitoring, risk 

assessment studies, preservation and protections plans and established special 

legislation for the protection of the coastal environment. Underwater surveys 

aimed at rescuing and documenting underwater sites are being carried. A 

comprehensive GIS data base was established for the coastal and underwater 

sites. Damage to the ancient coastal sites is constantly monitored visually, 

photographically and by field surveys. During 2009 a policy document and risk 

assessment study of the coast and the ancient coastal heritage was prepared 

by the Prime Minister›s Office jointly with other organizations. A detailed 

master plan for protecting and preserving the sea fronts of the ancient coastal 

settlements of Israel was established by the Israel Antiquities Authority. Pilot 

projects for preserving and protecting selected sections of the sea fronts of 

Ashkelon, Ashkelon north, Ashdod Yam, Apollonia, Caesarea and Akko were 

conducted. 

l Coastal settlements at risk in Ashkelon region: 

Tell Ashkelon:  The site is a national park. The fortified city was founded during the 

Bronze Age. Numerous granite and marble architectural elements are indicative 

of the magnificence of the city during the Hellenistic and Roman periods. In the 

Early Islamic and the Crusader periods the city was fortified by a heavy wall and 

the seawall was reinforced by granite columns taken from ancient buildings. 

Principal risks: collapse and massive destruction of the seawalls, erosion and 

run-off accelerate the destruction of the coastal cliff. There is a significant 

narrowing of the sandy beach due to the construction of harbor installations 

south of the site. As a result waves are directly damaging the archaeological 

remains. There is a dire safety problem stemming from landslides, deterioration 

and collapse of sections of the coastal cliff, parts of buildings and installations. 

In the absence of protective beach sands, the tell strata are being washed away 

after the collapse of the sea walls. Shipwrecks and cargoes are exposed on the 
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seabed and are threatened by treasure hunters. Measures required for salvaging 

the site: archaeological salvage excavations of the buildings and the installations 

on the tell seafront which are in immediate danger of destruction, dismantling 

dangerous buildings that cannot be stabilized. Conservation works of  buildings 

and installations at the seafront: filling empty overhanging spaces, pointing up 

joints, stabilizing slopes by means of terraces, vegetation and nets, arranging 

drainage on the slope and above it, protecting the seafront by reconstructing 

Crusaders seawalls (figs. 3, 4), or building a protective seawall of boulders and/

or depositing sand. Yearly monitoring: panoramic photography and locating 

new risks when they occur; underwater surveys to be carried out year round 

to locate, document and salvage the remains of shipwrecks and cargos newly 

exposed on the sea bottom. 

Figure 3.  The Ashkelon seawall after conservation (E Galili).
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l Ashkelon Mayumas (Ashkelon North): Settlement remains from the 

Byzantine period and a fortified compound are located on the coastal cliff and 

are currently being destroyed by the sea (figs. 5, 6). Erosion rate has reached 

more than one meter a year (Fig 7). A temporary protection of the cliff foot using 

geo-technique plastic sleeves filled with sand was constructed several years ago 

(fig 8). It was heavily damaged by the sea and failed. Shipwrecks and cargoes 

are often being exposed on the sea bottom. Archaeological salvage excavations 

of buildings and installations on the seafront, which are in immediate danger of 

destruction, are required as well as underwater surveys year round. 

l Ashdod-Yam: The site, an Early Islamic and Crusader fortress, is surrounded 

by a wall. Parts of the seawalls have undergone conservation and were restored. 

The fortress and the seawalls are damaged by the waves. Conservation and 

restoration measures are required, as well as protection of the sea front.

Figure 4  The Ashkelon seawall during 2012 after storms damage (G. Almagor). 
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Figure 5  A water well recently exposed on the coastal cliff –Ashkelon north coast (G. 

Almagor).

l Conclusions: Sea level rise and human activities, mainly building and 

quarrying, are causing massive coastal erosion and the rapid destruction of 

unique coastal and underwater sites. In recent years, significant damage has been 

caused to the ancient coastal settlements of Israel and valuable archaeological 

assets have been lost. Further developing works in the coastal region and rising 

sea levels during the 21st century will cause a severe damage to the ancient 

coastal settlements. Without the implementation of protective and conservation 

measures, substantial parts of the ancient coastal settlements of Israel will 

be lost within several decades. The detailed master plan for protecting and 

preserving the sea fronts of the ancient coastal settlements of Israel should be 

applied.
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Figure 6.  A collapse of the cliff and a monumental building on the Ashkelon north beach 

(E. Galili).

Figure 7.  A drainage outlet on the Ashkelon north beach demonstrating coastal erosion of 

ca 15 m since 1999, when it was constructed (G. Almagor).
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Figure 8. A temporary coastal protection at Ashkelon Mayumas using a geo-technique 

sleeve filled with sand (E Galili).
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Introduction

This field trip follows the evolution and encroachment route of aeolian (wind-

driven) sand and vegetated linear dunes (VLDs) into the northwestern (NW) 

Negev during the late Pleistocene, from the Egypt - Israel border to the dunes’ 

easternmost location at Ramat Beqa. Along this excursion we will present the 

morphology, internal structure, chronostratigraphy, sedimentology and dynamics 

of the dunes and demonstrate the episodes of their mobilization, activity and 

quiescence. This will enable a comprehensive understanding of the forces that 

control vegetated linear dune elongation, accretion and stabilization.

The trip will visit sites mainly situated at the dunefield edges, due to logistics. 

∞∂
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Background

l Vegetated linear dunes

The common, dominant dune type in the stabilized world deserts are the 

vegetated linear dunes (VLDs). These are found in the vast sand seas of 

Australia and the Kalahari and in small areas of the Arizona and California 

deserts, the Indian Thar desert and the Negev desert. They are found in semi-

arid and arid lands where the average yearly rainfall is 100 mm, enough to 

support a sparse vegetation cover. 

There is a direct relationship between (vegetated) linear dune spacing and 

height. VLDs have unique spatial structures, where two adjacent linear dunes 

merge in a Y-junction (tuning fork) shape and then continue as a single ridge. 

Other linear dunes, the seifs, are completely devoid of vegetation on both 

slopes. This type is rarer than the VLDs and is mostly found in the driest parts 

of the world’s deserts, such as the Sahara. 

The processes of formation and elongation of VLDs, which are partly or 

fully vegetated, are not well understood because all contemporary VLDs are 

stable, located in areas that are under low wind power; active varieties are not 

available for study. Nevertheless, it is assumed that vegetation cover is the 

main reason for VLD formation, and several theories have been proposed for 

their formation. 

We propose that VLDs were formed under conditions that prevailed during 

the Pleistocene but are not present today. Those ancient conditions were 

characterized by higher wind power and lower rainfall that can reduce, but not 

completely destroy, vegetation cover, leading to the formation of big nebkhas 

with lee (shadow) dunes behind each nebkha (Fig. 1). The lee dunes later 

connect to the nebkha in front of it, eventually forming one elongated linear 

vegetated dune. The wind that formed the nebkhas and lee dunes also eroded 

the swales that run parallel to the lee dunes. Accordingly, VLDs develop by 

Figure 1. A scheme of the proposed 

incipient formation stage of vegetated 

linear dunes (VLDs). Sand accumulates 

behind vegetation to form nebkhas (1) that 

with time coalesce to form a VLD (2).
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elongation of lee dunes and formation of downwind nebkhas, where shrubs 

or grasses grow. Thus the VLDs are a combination of swale erosion, sand 

deposition, and elongation of the linear dune. Such long, fixed and changeless 

VLDs are found today in Australia and the Kalahari.

l Geographic setting and previous works on the Sinai-Negev erg

The Sinai-Negev erg comprises the northern Sinai and the NW Negev dunefields 

with an area of 13,094 km2, only 10% of it is in the Negev. The source of 

the northern Sinai dunes is believed to be the Nile Delta (Goring-Morris and 

Goldberg, 1990; Tsoar, 1990; Hunt, 1991; Amit et al., 2011) though this has 

not been proven (Fig. 2a). The northern Sinai is comprised mainly of active and 

sparsely vegetated linear and seif dunes (Tsoar, 1974; Misak and Draz, 1997; 

Rabie et al., 2000) that have extended in a general west-east orientation. The 

Sinai dunes have not been dated by the luminescence methods.

Figure 2a. Sinai-Negev erg map. 
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Situated at the downwind end of the Sinai-Negev erg, the NW Negev dunefield 

(N30°/E34°) is suitable for the study of dunefield evolution (Fig. 2b; Table 1). 

Its western edge is the Israel-Egypt border and its eastern point is at Ramat 

Beqa, an incised plateau composed of Lower Eocene carbonates (Avedat Group) 

(Zilberman, 1982), gently rising 10-50 m above the dunefield. This plateau does 

not comprise a topographic barrier for dune advancement. The dunefield is 

divided by the Qeren-Rogem anticlinal ridge (Qeren Ridge, Fig. 2b) that trends 

WSW-ENE and protrudes 50-150 m above the dunes. The portion of the 

dunefield south of the Qeren Ridge fills an east-west synclinal depression and 

the dunes intercept wadis draining the Negev Highlands (Blumberg et al., 2004). 

Dissected surfaces underlain by loamy sediments are evidence for standing-

water bodies created by dunes damming the wadis (Magaritz and Enzel, 1990; 

Harrison and Yair, 1998; Ben-David, 2003; Blumberg et al., 2004).

The main aeolian sand and dune body lies north of the Qeren Ridge. It covers 

a gently seaward-sloping landscape that was established by the receding 

 Fig. 2b. NW Negev dunefield dune crest, dune incursion corridor and sampling sites. 

The numerals with a yellow background designate the field trip stops.
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Pliocene shoreline and later covered by a sequence of Pleistocene calcareous 

loamy palaeosols (Zilberman, 1991; Zilberman and Amit, 2005; Zilberman et 

al., 2007). Previous research has concentrated on the eastern, southern and 

mainly southwestern section and edges of the dunefield (Goring-Morris and 

Goldberg, 1990; Magaritz and Enzel, 1990; Zilberman, 1991; Harrison and Yair, 

1998; Ben-David, 2003) (Fig. 2b). According to small datasets applying different 

radiocarbon and luminescence methods mainly upon fluvial deposits in the 

southern dunefield, dunes encroached into the NW Negev in the late Pleistocene 

(Zilberman, 1991; Rendell et al., 1993). Aeolian sand is reported from ~67 ka 

Table 1. Northwestern (NW) Negev dunefield ID data.

Theme Data Comments

Dunefield area 1,300 km2

Dunefield width 25 - 50 km

Dunefield substrate Calcic sandy/silty loam 

palaeosols and clays

Prevailing dune type Vegetated linear dunes (VLDs) Several 20 m high 

transverse dunes

Dune height/width 5 - 15 m / 100 - 400 m

Sand texture Sand, loamy sand

Grain size mode range 110 - 250 μm

Mineralogy 83 - 95% Quartz Several carbonate-rich

(3-11%) samples

Vegetation cover 5 - 17 %

Biogenic crust cover On slopes, crest is often active

Initial dune deposition (OSL) age ~24 - 11.5 ka

Main dune encroachment 

episodes

16 - 13.7 ka; 

12.4 - 11.5 ka

Holocene mobilization ~2 - 0.8 ka

Annual rainfall 140 - 80 mm The last 15 years has 

been drier.
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while the main incursion was suggested to be at 25-10 ka (Ben-David, 2003). 

The Negev dunes, associated with Epipalaeolithic sites dated by (uncalibrated) 

radiocarbon to ~18-10 ka, were mainly active during the Mushabian Geometric-

Kebaran and Harifian periods (Goring-Morris and Goldberg, 1990). 

The dunes are mainly stable vegetated linear dune (VLD) types, with vegetation 

cover of 5-17% (Tsoar et al., 2008; Siegal, 2009). Similar to the linear dunes 

of the Sinai, the dunes are elongated in a general west-east direction (270°) 

with southern dunes trending 259° to 249° (Striem, 1954). The dune flanks are 

currently stabilized mainly by biogenic crusts (Danin et al., 1989; Karnieli and 

Tsoar, 1995; Kidron et al., 2000). Detailed geomorphic, pedologic and ecologic 

analyses of dunes at the Nizzana research station are presented in Breckle et al. 

(2008) and an overview on the history of the dunefield research can be found 

in Roskin et al. (2011a).

l NW Negev dune sedimentology

The Negev dune mineralogy and geochemistry is similar to the upwind Sinai dunes 

(Fig. 3). Both have relatively mature mineralogy (after Muhs, 2004), probably 

inherited from the source. However, the Negev VLDs contain a very fine sand 

(125-50 μm) component that is not found in the Sinai sands (Fig. 4), but is found 

Figure 4. Ternary diagram of the Sinai and 

Negev dunes particle size (sand, silt and 

clay) fractions.

Figure 3. The mineralogical maturity of 

the Sinai-Negev erg, compared to other 

sand bodies.
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upon the Qeren ridge slopes (Enzel et al., 2010) and in the loess, downwind of the 

dunefield (Crouvi et al., 2008, 2009). That very fine sand was probably winnowed 

out from the active Sinai sands and deposited in the northern Negev where wind 

speeds were lower and rainfall and surface friction was higher.

l Dune mapping and sampling strategy

The geomorphic units of the dune field were classified qualitatively based on 

dune crest orientation and spatial density, dune and cross-section morphology 

and dune slope distributions (Roskin et al., 2011a). Ultimately, the geomorphic 

units were merged into three main west-east trending dune bodies, delimiting 

discrete incursion corridors as partially consistent with Tsoar et al. (2008) (Fig. 2b).

The sampling strategy for stratigraphy, sedimentological analyses and OSL 

dating was designed to identify the earliest dune incursions and to analyze 

dune elongation/advancement rates. The dunefield was sampled along 5 lines: 

a western and an eastern transect generally trending north-south, and a west-

east transect along each incursion corridor (Fig. 2b). The western transect along 

the Israel-Egypt border is almost perpendicular to the VLD orientation. Sampling 

was performed along this line in every geomorphic unit. In the eastern transect, 

the easternmost extent of each incursion corridor was sampled.

Sampling was conducted at defined sites, which often included several exposed 

and/or drilled sections of the dune, interdune and upper dune substrate. Exposed 

sections composed a majority of the sections and enabled detailed stratigraphy 

and sampling.

l OSL dating

The sands were dated at the Geological Survey of Israel (GSI) by optically 

stimulated luminescence (OSL, Aitken 1998) using the single aliquot regenerative 

dose (SAR) protocol (Murray and Wintle, 2000). OSL is a method that dates 

the burial age of sediment when it loses contact with sunlight. It is based on the 

accumulation of dose and emission of light, luminescence, mainly from sand-

sized quartz grains. The age range over which the method can be applied is from 

several hundred years to several hundred thousand years (Wintle, 2008). In this 

study it was assumed that the luminescence signals of saltating sand grains are 
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fully reset as consequently confirmed by modern upper dune section ages dated 

in the range of 150-10 years.

Sampling for OSL dating usually began 1-2 m below the surface to avoid the 

bioturbated and active dune crests. Sampling points in exposed sections were 

chosen for each unit and involved driving hard, opaque plastic pipes into the 

exposure. Drilling was performed with Dormer Eng. hand augers and a maximum 

drill depth of 11.4 meters was achieved.

Altogether over 100 samples for OSL dating (Porat, 2007) and several hundred 

samples for sedimentological analyses were collected from 40 exposed sections 

and drills at 20 sites (Fig. 2b). This high sampling density provides a relatively 

reliable numerical age dataset for environmental and palaeoclimatic interpretation 

(after Telfer and Thomas, 2007). 

Stop 1: Plada Division memorial observation tower, Qerem Shalom belt: 

          Aeolian sand landscape: Sandy soils, aeolianites and the Sinai and 

              Negev dunes.

We are located in the Qerem Shalom (QS) agricultural belt (Fig. 2b). To the south 

we can see the NW Negev dunefield composed of VLDs. Further southeast 

across the border we can easily discern active exposed linear dunes. To the 

north we can observe the southern (exposed) aeolianite ridge near Dahaniya in 

the Gaza strip. 

The region is dominated by aeolian deposits. The surface is covered with thin 

sandy soils that overlay interchanging deposits of calcic loessial paleosols and 

sands (see Stop 2). These units extend into Sinai where land-use is different. 

There is no substantial drainage network in the entire sandy terrain extending 

from Wadi Al-Arish in northern Sinai to Nahal Besor in the northern Negev. 

There is a sharp rainfall gradient from north (Rafah - 200 mm) to south (Nizzana 

80 mm) and parallel to the Gaza strip from southwest to the northeast (Sderot 

400 mm). By Sufa, only 3.5 km to the north, the sediment, though still sandy, 

includes darker and more clay-rich units than at the Qerem Shalom trench, 

portraying the precipitation gradient. 
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Strong southwesterly winds, associated with winter storms, are the main factor 

driving sand (grain) saltation while winds from the coast also have occasional 

sand transport power. The climatic configuration in the past was also strongly 

controlled by the Mediterranean Sea (Enzel et al., 2008). Winds were probably 

similar in direction but higher in magnitude in the past, enabling substantial 

sand transport and consequent deposition.

Stop 2: Qerem Shalom trench: Mid-late Pleistocene sequence of sand and 

              calcic palaeosols.

The Qerem Shalom (QS) section is composed of a series of seven aeolian sandy 

units separated by sharp contacts. Each of these units contains at least one 

calcic paleosol (Fig. 5). The uppermost unit is capped by sand. The OSL ages 

range from modern (130 years) to approximately 500 ka, beyond the limit of 

OSL dating. The ages can be considered reliable for the upper units (4-7). Grain 

size is finer in units 4-7 than in the lower units.

This QS sequence reflects several cycles of aeolian activity, each starting 

with aeolian sand and silt accumulation, continues with a period of stability 

characterized by calcic soil formation and terminates with the erosion of the 

Figure 5. Qerem Shalom trench stratigraphy, OSL age range and grain size fractions.
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upper part of the soil (A and upper B horizons), probably by deflation and 

sand abrasion. The eroded particles were probably deposited to the east. All 

of the units are intensively bioturbated, reflecting long surface exposure due to 

low accumulation rates. This suggests that vegetation, sustained by sufficient 

rainfall, played a major role in the formation and stabilization of the aeolian 

deposits. 

Unit 5 (190-150 ka) is marked by large fractions of very fine sand, silt and clay. 

The deposition of the Unit 6 sands (~40% very fine sand) started at ~90 ka 

during MIS 5. The top of the unit, dated to 55 ka, marks and end in dune-sand 

accumulation while very fine sand is dated there to 40 ka, possibly indicating 

a decrease in wind power. Subsequently, soil formed during the colder Last 

Glacial periods of MIS 3 and 2. The time of sand deposition in the upper part 

of Unit 6 is similar to the time of dune formation along the central coastal plain 

(~65 and 50 ka) (Porat et al., 2004). The time span of paleosol formation in Unit 

6 corresponds to the formation of Hamra in the coastal plain, which developed 

between ~50 ka and ~13 ka (Engelmann et al., 2001; Frechen et al., 2001, 

2002; Porat et al., 2003). Unit 7 started to accumulate at ~16-12 ka at the 

time of the Negev dunefield main mobilization episode, probably during times 

of maximum sand transport fluxes. The unit here, ~1 m thick, is significantly 

thinner than Negev dunes which then attained thicknesses of 5-10 meters. 

The QS sediments are composed of sand from the continental shelf and coastal 

plain, sand from the northern Sinai dunefield and finer (loess-size) particles. 

Due to the proximity to the coastal aeolian dunes and aeolianites (observed 

at the previous stop), and since the units can also be generally chronologically 

correlated to the Israeli coastal plain sequence, we suggest that the sands 

originated mainly from the coast and not from northern Sinai, aside perhaps 

Unit 7. 

The ages of Units 5 and 6 also resemble the age range of units L1 and L2 

(respectively) of the northern Negev loess, downwind of the dunefield (Crouvi et 

al., 2008). This, and the increase in very fine sand in units 5-7, can be explained 

by aeolian addition of very fine sand and suspended silts and clays in a windy 

climate, probably from the west (after Enzel et al., 2008).
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Stop 3: Haluzit 1 (village): Fully dated dune section and palaeosol substrate.

The stratigraphy and chronology of this full dune section is representative of the 

entire dunefield. It was trenched in 2006 as part of the construction of a road. 

The section is of the dune axis and includes four main aeolian chronostratigraphic 

units (Figs. 6 & 7):

Figure 6. Haluzit 1 stratigraphic section. 

Figure 7. Generalized VLD chronostratigraphy in the western part of the NW Negev 

dunefield. Ages in ka.
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1. The dune substrate: Calcic loamy paleosols, ~100 - 30 ka.

2. The main dune body dating to the late Pleistocene, 18 - 11.5 ka. 

3. A late Holocene dune unit, 2 - 0.8 ka. 

4. Modern cross-bedded re-activated dune crests, 150 - 40 years.

The dune substrate is quite sandy and indicates the presence of sand in the 

system since ~100 ka as suggested by Zilberman (1991). Sand flux was small 

and surface roughness was higher due to increased vegetation cover. Between 

these pulses pedogeneisis has ensued. The contact between the dune substrate 

and dune is sharp.

The second unit comprises the majority of the section and indicates that between 

15.5 - 13.7 ka, the main mass of sand rapidly encroached into the NW Negev 

(Fig. 8). As this unit composes the base of the VLD and also the interdune, this 

sedimentological episode may have been in the form of a “sand sheet”. It is 

also possible that the upper part of the section was in the form of a VLD and 

was later eroded and redeposited forming a VLD during the late Holocene. Both 

scenarios result from enhanced sand supply and strong unidirectional west-east 

Figure 8. NW Negev dunefield western transect and chronostratigraphy. The transect 

location is marked on figure 2b. Ages in ka. 
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winds. Sand sheet development may be a result of higher vegetation cover, 

probably caused by the suggested wetter late Pleistocene.

This dated sequence presents the internal structure and helps understand 

the development dynamics specifically of VLDs (Fig. 9). VLDs both elongate 

and accrete sand. During major mobilization episodes VLDs accrete and 

the corresponding units have horizontal contacts as observed parallel and 

perpendicular to the dune axis. Accretion may have involved erosion to a certain 

extent but the 13.7±0.9 ka unit overlaying another 13.7±1.1 ka unit indicates 

two successive accretion stages with probably relatively limited erosion. 

Stop 4: Ze’elim roadstop, the northeastern edge of the Negev dunefield:

             Observation of the large Baladiya VLD and evidence for a rapid major 

            incursion episode. 

We are located at the eastern end of the northern dune incursion corridor 

(Fig. 2b). The northern incursion corridor VLDs are usually broad and low, and at 

the northeast corner of the dunefield (Baladiya) the VLDs are exceptionally broad 

(200-400 m) and high (10-15 m). The only evidence of ancient watercourses 

beneath the central and northern dune incursion corridor is found in the Baladiya 

section drillings that penetrated gravels beneath the dune section (Machta, 

2005). These may have been deposited by the lower Nahal Mobra (Blumberg et 

al., 2004) prior to dune encroachment. Nine meters of the Baladiya VLD axis 

Figure 9. Scheme of the VLD elongation and aaccretion. a. Schematic longitudinal section 

of a VLD showing elongation and accretion stages according to Negev dunefield OSL age 

ranges. b. A schematic cross-section of a VLD presenting dune-sand accretion stages and 

the resultant dune-axis core stratigraphy that enables reliable OSL-dating.
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is dated to 15.9±0.7 - 13.7±1.7 ka (Fig. 10). The late Pleistocene section is 

overlain by a 0.6 m sand unit unusually cemented by carbonate (3.0±0.6 ka). 

Precise VLD elongation rates cannot be calculated since the dunefield lacks 

VLDs that continuously elongate as a single defined dune for many kilometers. 

However, sand transport rates can be calculated between the western and 

eastern ends of the dunefield. The northeastern edge of the dunefield shows 

late Pleistocene OSL ages similar to those found in the western transect. The 

basal and the mid-section ages of Haluzit 1 (Fig. 6) in the west (15.5 ±2.2 ka; 

13.7 ±0.9 ka, respectively) present essentially identical ages as the Baladiya 

section. These ages signify rapid elongation and buildup roughly over ~1,000-

2,000 years. These ages, along with additional ages from the lower parts and 

bases of dunes in the western and central dunefield, suggest that the main 

and major dune incursion and buildup phase was at ~16-13.7 ka (Fig. 11). This 

event has been suggested to be connected to the Heinrich 1 event (Roskin et 

al., 2011b).

The dune palaeosol substrate ages (108 ±22 ka and 106 ±19 ka at Haluzit and 

98±29 ka at Baladiya) are also similar and may indicate similar erosion patterns 

preceding or during dune activity.

After ~14 ka, wind probably subsided resulting in less sand input and dune 

growth. Based on the broad and high Baladiya section, in contrast to the limited 

sand found further east, later winds did not substantially erode the dunes axes. 

The current presence of relatively abundant vegetation throughout the northern 

Figure 10. Baladiya VLD section.
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part of the dunefield (Siegal, 2009) and thicker biogenic crusts (Almog and 

Yair, 2007) that may have also been present in the past, also decreased sand 

mobilization.

Stop 5: Retamim road stop, central dune incursion corridor: Observation of the

             Retamim dunes and last paleosol and initial dune sand ages. 

We are located in the eastern part of the central incursion corridor. To the east 

of the Ze’elim - Mashabei Sadeh road are the Retamim dunes and beyond them 

the easternmost Sekher dunes. These dunes reveal dune morphologies that 

degrade towards the east. The Retamim section marks the sharp change at ~30 

ka, between the youngest calcic silty paleosols that compose the dune substrate 

in the Negev dunefield and the oldest age of overlying aeolian dune sands (Fig. 

12). The site also marks the easternmost extent of the major dune incursion at 

~16-13.7 ka (Fig. 11).

Figure 11. NW Negev dunefield evolution and main logs.
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The base of the Retamim interdune (ID) section preserves the oldest 

unconsolidated aeolian sand units (27.3±3.8 ka and 22.8±3.1 ka) that overlay 

a calcic loamy sand palaeosol dated to 28.3±2.7 ka. The dune substrate age 

is similar to substrates along the western transect at the BM (29.7±3.5 ka) 

and Tzidkiyahu (~30±7 ka) interdune sites (Fig. 8). The base of the sand 

section, which is only slightly younger than the palaeosol, marks the onset of 

the aeolian sand phase in the northwestern Negev that soon matured into the 

initial dune incursion. The sand base ages resembles the Halamish VLD flank 

dated to 23.3±3.4 ka where Ben-David (2003), based on a similar IRSL age of 

23.5±1.5 ka suggested initial sand accumulation at 25-27 ka. It also strengthens 

Zilberman’s (1991) synthesis of the southern dunefield that suggested initial 

sand incursion followed by dune incursion that began evolving at 25-30 ka. 

Altogether, the Retamim interdune section preserves evidence of the ~1 m 

thickness of the initial ~27-19 ka aeolian sand cover on the paleosols.

The ~27-19 ka ages are not common at basal sections along the western 

transect of the central and northern incursion corridors (Figs. 8 & 11). This may 

indicate that the western transect bases have been fully reworked by the later 

and major dune incursion and the OSL signal of the sand grains was fully reset. 

Figure 12. Retamim VLD section. 
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The Retamim basal ages were possibly preserved due to local physiography of 

local depressions or pockets. The thin unit dating to ~16 ka age of the Retamim 

ID section attests that the major incursion was only thinly recorded in this 

eastern section. 

The consistent lack of preservation of old basal units throughout the dunefield, 

considering the sampling resolution of dune bases, also suggests that the initial 

sand was thin. Furthermore, the younger sand and dune cover east of Retamim 

does not support the notion that a thick sand unit was deposited at ~27-23 ka 

or even earlier, to be later transported and accumulated further east during later 

dune incursions. This comprises additional support that dunes surely did not 

cover the NW Negev before ~23 ka.

Stop 6: Ivha hill - southern dune incursion corridor observation point.

At this stop we will observe (Lavan) VLDs (Fig. 13) and learn about the VLD 

geomorphology, vegetation cover and dynamics (Figs. 1, 9) (see introduction).

Figure 13. The spatial pattern of VLDs. a. Orthophoto and VLD crest lines (in orange) of 

the Lavan dunes.

The capital letters correspond to soil types (Dan et al., 1964): v = Sand dunes. t = Sandy 

regosols and arid brown soils. l = Calcareous serozems.. s = Brown lithosols and loessial 

serozems.

b. Map of the Lavan VLD crest lines.
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Stop 7: Shivta Junction: Abundant prehistoric sites by a dune and standing 

 water deposits.

Standing-water deposits (SWDs) or paludal sediments are found throughout 

the southern dunefield from the Egypt-Israel border to Nahal Sekher (the central 

corridor) in the east, commonly overlying basal dune flanks, expanding into the 

interdunes and upstream. They are evidence for dune migration that dammed 

wadi courses (Magaritz and Enzel, 1990; Ben-David, 2003). 

Ten interdune sections with stratigraphy of interchanging aeolian, fluvial and 

standing water deposits were studied and dated from underlying and overlying 

sandy sediments. The results in the context of the NW Negev dunefield dune ages 

show the direct relationship between dune mobilization and stabilization to dune-

damming and breaching.

Thus, dune damming exemplifies the extent of environmental impact of a massive 

dune incursion. Interdune basal paludal sediment overlie dunes dated to ~23 ka 

and 18 ka, suggesting accumulation mainly in response to the main incursion period 

due to intensive dune damming. We also suggest that the main dune incursion 

transported large sand volumes across Wadi Al-Arish and blocked it as well. 

The upper-parts of six interdune sections date to 10-8 ka, younger than the main 

incursion stabilization age. Following the cessation of dune elongation, water-

lain sediments continued to accumulate behind the dune dams until breaching 

them. Mid-sized (102-103 km2) NW Negev catchments breached and destroyed 

the dune dams in the Early Holocene leaving residual standing water deposits 

(Harrison and Yair, 1998; Ben-David, 2003). In contrast, smaller drainage basins 

are still covered by dunes (Blumberg et al., 2004). This aeolian-fluvial history 

may explain the occurrence of mainly Mid-Epipaleolithic (~15-12.5 ka) to Harifian 

(~10.75-10.1 ka) artifacts and camps in this part of the Negev (Goldberg, 1986; 

Goring-Morris and Goldberg, 1990). While it has been pointed out that those 

archaeological sites have a limited spatial extent in the region (Goring-Morris and 

Goldberg 1990), paleolakes and ponds created by dune dams would have been 

favorable sites for at least short-term human settlement.

North of Shivta junction is a ‘playa’ (SWD) that was probably formed by the 

dune to its north damming wadi Es-Sid (Magartiz and Enzel, 1990) (Fig. 14). 
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At the base of the dune are abundant sites spanning the Epipalaeolithic period 

(Goring-Morris and Goldberg, 1990). The sites are short-term campsites and are 

suggested to be associated with the nearby standing-water body (playa). A layer 

of Harifian artifacts stick out of the lower dune slope and attest to the dunes’ 

presence and configuration at that time.

Figure 14. Standing water sediments at the edge of the Shunera dunes, north of the 

Shivta junction. a. Map of the Sekher prehistoric sites, geomorphic features and location 

of cross-section and log. b. Cross-section. (Figs. 13a, b is courtesy of Nigel Goring-Morris). 

c. Stratigraphy (log) of the standing water deposits (playa) described at the ‘geological 

trench’ in fig. 14a (Magaritz and Enzel, 1990).



The late Quaternary dune E≤≤

Stop 8: Sekher sites: The Sekher VI Natufian site and interchanging early

 Holocene standing-water deposits.

l Sekher stratigraphy

The Sekher sands and 1-5 m high dunes differ from prominent dune morphologies 

that characterize the NW Negev dunefield west of Nahal Sekher and have 

younger incursion ages (12.4-11.6 ka) than in the west (16-13.7 ka) (Roskin et 

Figure 15. Orthophoto and generalized cross section of the (Nahal) Sekher sites. Section 

B-B’ is depicted in Figure 17.
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al., 2011a, b). The sands fill several wadis that slope westwards towards Nahal 

Sekher (Fig. 8) from a local water shed at an elevation of ~380 m located 2 km 

east of the Sekher VI site. Along this west-east topographic incline, the sand 

cover accumulates and then thins out until it diminishes (Fig. 15).

Here, two prehistoric sites along with adjacent paludal deposits were investigated. 

The Sekher XXX site is at the fringe of the Sekher dunes on the southern bank of 

Nahal Sekher. Harifian artifacts upon a thin loam crust, are only 35 cm beneath 

a surficial and bioturbated sand unit. Sand from 10 cm beneath the Harifian 

unit, dates to 11.5±1.3 ka (Fig. 16). 

Figure 16. Stratigraphy of the Sekher sites.
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The Sekher VI site surface, at ~340 m, slopes westwards to Nahal Sekher and 

southwards to a Sekher tributary (Fig. 16). The site is embedded in undulating 

aeolian sand, resembling coppice dune morphology. The site is mainly composed 

of a distinct (exposed) surface containing Early and Late Natufian lunates 

and other artifacts and tools (Barzilai and Agha, 2010). The surface which is 

composed of a thin 1-2 mm soil crust is additionally strewn with limestone 

pebbles, lag deposits and snail shells. The limestone pebbles are 2-15 mm, sub-

angular to sub-round and polished, suggesting a fluvial source. Lag deposits are 

sandy concretions cemented by calcium carbonate. Snail shells (2-40 mm) are 

complete and broken. 

Two main OSL age-groups are discerned; 13.7-11.5 ka from below the Natufian 

layer and 3.8-2.9 ka above the Natufian layer (Fig. 15). The lower sand dates to 

12.4±1.8 ka and is overlaid by the pre-Natufian sand similarly dated to 13.7±1.3 

ka. Another pre-Natufian sample at the northern section dates to 12.3±1.2 ka, 

similar to the other ages. The overlaying sand from both sections dates similarly 

to ~3 ka, similar to the 3 ka calcic sand unit in the upper Baladiya section (Figs. 

10, 11), possibly indicating a short and small remobilization. The Natufian sand 

gives a mixed ~3.8±1.2 ka age, probably indicating deflation sand mixing as 

observed in the section.

The Sekher VI Natufian units overlay sands of similar ages of ~12.4, ~12.3 and 

~11.9 ka. This indicates sand encroachment and stabilization shortly followed by 

Early Natufian encampment. The ages beneath the Natufian layers correspond 

to a second sand mobilization episode at 12.4-11.6 ka that brought the Negev 

dunes to their easternmost extent (Fig. 11) and has been associated with the 

Younger Dryas (Roskin et al., 2011b). 

l Standing water deposits and dune damming

The Sekher sites have been associated with paleolakes (Goring-Morris and 

Goldberg, 1990) covering 60,000 m2, radiocarbon dated to 11.6-10.3 ka BP 

(uncal.) whose formation has been associated with dune activity and aridization 

(Enzel, 1984; Magaritz and Enzel, 1990). The paleolake dates though, were 

carried out on fine carbonate minerals extracted from a gypsum layer and 

therefore should be viewed with caution. Here we present OSL ages for the 
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upper paleolake section.

A flat paludal sediment surface abuts from the southern edge of the Sekher 

sands and was hypothesized to be the fringe of a palaeolake. An outcrop 85 

m southeast of the Sekher VI site composed of interchanging units, several 

decimeters thick of calcic reworked sandy/silty loams was dated to 9.0±1.5 

ka at 45 cm. It post-dates the sand deposition and Natufian encampment. A 

trench approximately 50 m east of the Sekher VI site revealed paludal sediments 

interchanging with the aeolian sand dating in the range of ~7.7-10.9 ka (Fig. 17) 

that post-date the Natufian, indicating the persistence of a closed water body 

probably by dune damming. 

The presumed standing-water body probably extended to the south, where 

south of road 40, 5-10 m thick paludal sediments are exposed, and form a flat 

surface and a shoreline lined by prehistoric artifacts. 

Figure 17. Chronostratigraphic sections of the Sekher palaeolake fringe (see figure 15 for 

location).
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l Summary

Along this excursion we observed full VLD sections and their relationship with 

their underlying substrate. We learned about the initial and main encroachment 

stages and their impact on the landscape and prehistoric man. The data is 

important for understanding the triggers, extent and intensity of past, historical, 

present and future dune mobilizations.

The evolution of the NW Negev dunefield included several episodes. While thin 

sand sporadically covered the NW Negev since ~ 100 ka, dunes initially reached 

the Negev from northern Sinai around ~23 ka. Two main dune encroachment 

episodes are identified. The first and main episode, concentrated at 16-13.7 ka, 

deposited thick dune sections in the western part of the dunefield, thinning out 

to the east. A less intense episode, partially based on the ages of this work and 

associated with the Younger Dryas at 12.4-11.6 ka, transported sand several 

kilometers further east and formed low dunes and sand cover in the vicinity of the 

eastern Sekher sites. The Negev sands were partially and sporadically mobilized 

until stabilization at ~10 ka. During the main dune encroachment episode 

extensive dune-damming was concentrated along wadis in the southern part of 

the dunefield, recurring during the second episode and lasting into the earlier 

Holocene. These short-term water bodies attracted prehistoric man. Since the 

onset of the Holocene, due to a decrease in windiness, the sands have stabilized 

and were probably encrusted, aside from a late Holocene remobilization and 

modern upper dune and dune crest activity, possibly related to the impact of the 

Nabataean, Roman and Byzantine anthropogenic activity. 
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