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Foreword

Israel is located at the junction of 3 continents T Europe, Asia, and Africa-located in the
heart of the Middle East, sharing a border with 4 countries: Egypt to the south, Lebanon
and Syria to the north and northeast, and Jordan to the east. The proximity to the
Mediterranean Sea and the large variability in terrain elevation (ranging from 2236 m a.s.l.
at Mt. Hermon to -434 m a.s.l. at the lowest point on earth i the Dead Seg are
responsible to a large variability of climates, despite the very modest size of the country
(ca 20000 km?).

Roughly, Israel can be divided into three main longitudinal bands from west to east,
namely, the coastal plain, the mountain ridge and the Jordan Rift Valley, each of them
differs greatly from the other two in its morphoclimatic characteristics.

The current fieldtrip aims to provide a wide angle of information and knowledge on the
landscape evolution of these morphoclimatic zones in light of the geomorphological history
of the Middle East

In the next three days, we will combine visits to a series of geological, geomorphological,
cultural, and historical interest sites in attempt to define the geomorphic signature of
erosional processes for different spatial and temporal scales, from long-term denudation
processesaffecting the mountainous belt of Israel to stream-channels annual modifications
by human activity and climate changes. The pages of human history are interlaced with
the pages of Middle East geography and together, we are going to browse through those
pages. Because knowing the past leads to a better understanding the present and
foreseeing the future.

Welcometo Israel!

Dr. Nurit Shtober-Zisu
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General background
General location of Israel in the Middle East

Israel is situated at the meeting point of three large continental plates:

Eurasia, Arabia and Africa. As such, it has been influenced by long-term

tectonic forces since the Cretaceous period.
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General background
General tectonic framework of the Levant

The Levant Basin is situated in the south-easternmost portion of the present day
Mediterranean Sea within an active tectonic setting at the convergence of the
Arabian, African and Anatolian plates. The Levant Basin is a remnant of the closure
of the Tethys Ocean during the early Miocene During the Messinian interval (~5
Ma) the Mediterranean Sea experienced one of the most dramatic and crucial
geological episodes with the deposition of a multi-layered evaporitic sequence
(known as the Messinian Salinity Crisis (Hsu et al., 1973).
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General geologic background
General stratigraphic framework of Israel
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General background
Main drainage basins and water divide

Fig. 5: Main stream network Fig. 6: Three main base levels
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Day 1: NORTHWESTERN NEGEV
Nahal Gerar stream and Horvat Mador
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Fig. 7: Map of the sites planned to be visited on March 14t
[1. Horvat Mador; 2. Kibbutz Gvulot]

Fig. 8: Water cistern dated to late antiquity period, remnants of the byzantine houses., H. Gerarit




The lower Nahal Gerar meander in the northern
Negev lowlands T source -to-sink of loess along an
arid to semi -arid Mediterranean climate gradient

Joel Roskin and Lotem Robins

The northern Negev lowlands of Israel is located in a Mediterranean climate gradient
between the semi-arid southern coastal plain of Israel to the arid central Negev
highlands. The undulating lowlands gradually slopes towards the Mediterranean coast to
its north and is carpeted with a mantle of aeolian loess. Drainage is mainly restricted to
the largest basin of the northern Negevi the Besor Basin The Besortransects the Negev
highlands, the northwestern NW Negev dunefield (Robins et al. under review) and the
northern Negev lowlands, and spills into the Mediterranean Seain the GazaStrip.

Loessaccumulated in the central and northern Negev since at least 180 ka until the onset
of the Holocene (Crouvi et al., 2009). Under stable conditions, carbonate-rich loessial soil
sequences developed (Yaalon and Dan, 1974; Bruins, 1979; Gerson and Amit, 1987
Crouvi et al.,, 2009). Primary loess accumulated on hilltops and on the plains of the
northern Negev lowlands where reworked-secondary loess was also deposited. However,
the latter has not been studied in detail. Unvegetated loess is prone to severe fluvial
erosion. Therefore, many of the Besor® tributaries in the Negev lowlands form badlands
while others, like the lower Nahal Gerar meander, form cliff-like wadi banks within the
loess sequences(Tsoar and Yekutieli, 1992).

The lower Nahal Gerar meander in the northern Negev lowlands is nestled between the

northeastern extent on the late Pleistocene SinarNegev erg that extends from the Nile

Delta into the NW Negev (Roskin et al., 2011) to is south, and Holocene coastal sand

sheets and dunes to its north (Roskin et al., 2017). At the meander we will survey the

pedo-sedimentary sequence, present an example of the utility of portable OSL (POSL)to

investigate the (relative) accumulation rates of sediments, and review the stages and

processes of the source-to-sink story/state-of-art of the Negev loess until the

Anthropocene that includes these events:

A Primary Middle-Late Pleistocene aeolian deposition, accumulation, stabilization and
pedogenesis (Crouvi et al., 2008, 2009)

A Middle Pleistocenei current times: secondary-reworked/fluvial loess deposmon

A Enhanced Late PlelstoceneHolocene eroslon of hlllslopefto.p logss dep%slis in |




Fig. 9: Above: Soil erosion in the
Gerar catchment; Right: Channels
protection using Geocells filled with
concrete; Below: The lower Nahal
Gerar terrace




Nahal Gerar stream area and Horvat Mador
Nurit Shtober Zisu and Boaz Zissu

During the 5th and the 6th centuries, the city of Gaza gained its reputation as a
producer of a vintage of export quality. Gaza, a port of call for merchants and pilgrims
to the Holy Land from the western provinces, was also the port for shipment of
products to the west. The economic hinterland of Gazaincluded villages and various
agricultural estates (such as Saftus Gerariticus currently Horvat Gerarit) that provided
agricultural merchandise to the city residents (fruits, vegetables, field crops), along
with the famous i Gavian.e s 0

The houses in these settlements were built of unfired mud-bricks, while water was
collected from the roofs into cisterns, dug and built into the soil near each house to
store the water. The cisterns were cylindrical; base diameter 3.5-4.5 meters; height is
estimated at 6-8 meters. About a meter below the rim, the cylinder structure tapered
upwards into a cone shape, up to a diameter of 0.5 meters, where a stone slab
covered the cistern. The cisterns are built of local pebbles and gravel and plastered
inside. After the collapse of the Byzantine Empire in the Negev and the abandonment
of the settlements, the mud bricks degraded and disintegrated, leading to local
sedimentation, while the abandoned agricultural fields underwent accelerated erosion,
exposing the ¢ i s t stuatuse$ and indicating the presence and location of houses
and villages.

Our study aims to examine the possibility that the abandonment of agricultural fields
in the late Byzantine - early Muslim period caused significant landscape changes The
abandonment of agriculture intensified soil erosion, which is prominently reflected in
the landscape It seemsthat the ruined water cisterns, which now protrude above the
surface, may be used as indicators of the ancient surface level and the intensity of the
alluvium that has occurred sincethe c i s t a&andsrdent.

Fig. 10: Mosaic from the church at Kisufim (6th c. CE) showing a man holding grapes and figs, and camel transporting Gaza/Ascalonamphorae




Rates of denudation over the slopes of Horvat Mador
Moderate slopes ~ 3%: Rd = 0.5 -1 mm/year

Steeper slopes ~ 12%: Rd = up to 1.6 mm/year
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Fig. 11: Rates of erosion at Horvat Mador
[Shtober-Zisu et al. in prep]

Fig. 12: Water cistern exposed by the Nahal Besor rv. erosion, Horvat Gerarit

Postabandonment debris sediments deriving from mud-brick degradation, provided the

parent material of the present soils. At Horvat Gerarit soil accumulated to at least 0.5 m.

Soil is characterized by (1) a relatively increase of fine fraction (clay and loam) within

the villages sites, while median values changes from loam within the mud-bricks, to
~_medium-sand overthe agricul ra[_fjelds; (2) locally abundant mulch, that was added to
~ the bricks to reduceicracking &g dine ~;;~. *ensile strength.
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Fig. 13: Soil is calcareous loam as a result of degradation of unburned mud bricks + mulch
and pottery. Horvat Gerarit. Above: unburned mud bricks ; Below: GSD

Grain size distribution of mud bricks vs. agricultural field
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Soil is characterized by a relatively increase of fine fraction (clay and loam) within the
villages sites, while median values changes from loam within the mud-bricks, to
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Kibbutz Gvulot

A kibbutz ("gatheringfi in Hebrew) is a collective community that was traditionally
based on agriculture. The first kibbutz, established in 1909, was Degania. Today,
farming has been partly supplanted by other economic branches, including industrial
plants and high-tech enterprises. The Kibbutz began as utopian community, a
combination of socialism and Zionism. The principle of equality was taken extremely
seriously up until the 1970s. A member of a Kibbutz did not individually own tools, or
even clothing. Gifts and income received from outside were turned over to the common
treasury. Up until recently, members ate meals together in the communal dining hall.
In recent decades, some kibbutzim have been privatized and changes have been made
in the communal lifestyle.

In 2010, there were 270 kibbutzim in Israel. Their factories and farms account for 9%
of Israel's industrial output, worth US$8 billion, and 40% of its agricultural output,
worth over $1.7 billion. Some kibbutzim had also developed substantial high-tech and
military industries. For example, in 2010, Kibbutz Sasg containing some 200 members,
generated $850 million in annual revenue from its military-plastics industry.

Kibbutz Gvulot , initially named Mitzpe Gvulot (- , + “s* 7 'T Borders Lookout), was
established on land owned by the Jewish National Fund (JNF) on 12 May 1943
by immigrants from Romania and Turkey. Despite World War Il, settlement efforts
continue and KKL-JNF establishes three outposts in the Negevi Gvulot, Beit Eshel and
Revivim. Mitzpe Gvulot is the first among these three sites and symbolizes the
beginning of settlement in the Negev.

Fig. 14: Sowing wheat at Mitzpe Gvulot; :
Right: Mitzpe Gvas photographed by the
Royal Air Force in1946ulot




Day 2: COAST TO COAST
From the Mediterranean Sea to the Dead Sea
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Fig. 15: Map of the sites planned to be visited on March 15™.
[1. Kibbutz Gvulot; 2. Beit Guvrin; 3. Bar Giora; 4. Dead Sea (Lido); 5. Ein Ged]
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The Hellenistic city of Maresha , Judean foothills

Boaz Zissu

The ancient city of Maresha is identified with Tell Sandahannah situated in the Judean
Foothills, about 40 km southwest of Jerusalem The city was founded in the Iron Age and
continued in existence until the late Hellenistic period. During the Hellenistic period Maresha
flourished and became the central city of a region known as Idumaea.

The archaeological site consists of a Tell - the Upper City (=UC), a Lower City (LC) a
Subterranean City (=SC) and a necropolis.

Ten basic types of rock-cut (artificial) cavesand cave complexeswere identified in the SC

1. Columbarium (pl. Columbaria) i Subterranean dovecotes, 2. Olive presses (or, olive-oil
plants); 3. Baths (and ffilter chambersd); 4. Underground quarries; 5. Cisterns 6. Stables
7. Ritual caves, 8. Storage chambers; 9. Burial caves, 10. Hiding complexes.
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Fig. 20: Map of the Upper City surrounded by the Lower City, 160 subterranean complexes and
the Lower City walll. Some tombs belonglng to the Necropolis are visible along the eastern edge.




Almost all Maresha subterranean spaceswere hewn in the soft chalk to serve existential and
economic needs. The residential houses of Maresha and the subterranean chambers and
means of production hewn underneath, served the local population over generations.
Economic activities were conducted below the surface out of engineering considerations, due
to the durability of the rock walls and ceilings. The cost of quarrying and providing suitable
spaces for chambers and workshops in the underground was cheaper and more convenient
than constructing these above ground where the cost of building and maintenance of
structures was much higher. Descent into the subterranean spaces was from the houses
above, from courtyards and inner spaces, from rooms and corridors to baths, from passages
between houses, and in some cases from passagesto the street adjacent to the house
through separate entrances. Manufacturing and processing subterranean installations were
found throughout the LC Olive-oil presses and columbaria were very common. Even where
the entrances to the installation were not in the house itself, the chambers extended directly
beneath the rooms of the house. Water was drawn from rock-cut cisterns, sometimes being
used jointly by neighbouring households.

A vast necropolis forms a ring surrounding the LC and includes three main cemeteries
(Northern, Easternand South-Western). The cemeteries consist of more than ca. 50 rock-cut
burial chambers or Aypogea A typical hypogeum includes an elongated rectangular hall into
whose walls /oculi (burial niches) featuring typical gabled openings, sometimes additional
chambers were cut, forming a burial complex. The loculi were used for primary and
secondary burials. Two of the tombs, discovered in 1902, had outstanding wall paintings
dating from the 3 century BCE The paintings are characterized by a mixture of funerary
motifs, mostly of Greek or Alexandrian origin. The animal frieze painted in Tomb 1 (The
"Sidonian Community Tomb") is a unique document of its kind in the Hellenistic world.

The Hellenistic period hypogea of Maresha were long-term family sepulchresi for the burial
of the city residents along several generations. The tombs served this purpose from the 3rd
century BCEuntil the end of the city, ca. 108 BCE The hypogea resemble the architectural
and artistic style of Ptolemaic period's tombs (mostly from the 3@ century BCE)in the Shatbi
necropolis of Alexandria in EgyptThe epigraphic evidence reflects the multi-ethnic
composition of the city, combining ldumaeans, Phoenicians, Greeks, some Egyptians and
possibly a few Judeans These ethnic elements produced the outstanding social and cultural
fabric of the city during the Hellenistic period.

Bibliography :

Kloner A., ZissuB. 2013. The Subterranean
Complexesof Maresha An Urban Center from
the Hellenistic Period in the Judean FOOthl”S

' Jstael,, Qperal ogea ;our al o eleqlo' i

wa!k ) 5

Fig. 21: The famous fiSidonian Tomba: Hellenistic period
. painted tomb discovered in 1902 east of Tel Maresha



Landscape Evolution in Mediterranean to Hyper -Arid
Carbonate Terrains

Uri Ryb

Landscape evolution has been mostly studied in terrains dominated by silicate rocks, in
which the rate of mass removal is largely controlled by topography. In this field-trip stop
we will explore the environmental factors which control the rate of denudation and
mechanism (mechanical or chemical) of landscape evolution of Mediterranean to hyper-
arid carbonate terrains. The Judean Hills are located over the western, Mediterranearn-
facing flank of the Judean Range, and consist of a thick sequence of Cretaceous marine
carbonates (mostly beds of dolostone, limestone and marl). Using solute load analyses,
36Cl and stratigraphic reconstructions, we estimated denudation rate and extent over
different timescales (annual, 10*% and 1087 years), and demonstrated how the interplay
between climate and tectonic activity has shaped this region since the Miocene The data
and interpretations we present in this field trip are largely a synthesis of four
publications that emerged from U.R. thesis (Ryb et al., 2015, 2014a, 2014b, 2013).

Ryb, U., Matmon, A., Erel, Y., Haviv, |., Benedetti, L., Hidy, A.J., 2014a. Styles and rates
of long-term denudation in carbonate terrains under a Mediterranean to hyper -arid
climatic gradient. Earth and Planetary Science Letters406, 142i 152.

https://doi.org/ 10.1016/j.epsl.2014.09.008

Ryb, U., Matmon, A., Erel, Y., Haviv, |., Katz, A., Starinsky, A., Angert, A., Team, A.,
2014b. Controls on denudation rates in tectonically stable Mediterranean carbonate
terrain. Geological Society of America Bulletin.

Ryb, U., Matmon, A., Haviv, |., Benedetti, L., 2015. Exhumation and uplift coupled with
precipitation along the western Dead Sea Rift margin. Geology Geology 43, 483i 486.

Ryb, U., Matmon, A., Porat, N., Katz, O., 2013. From mass-wasting to slope stabll ation
~ putting constralns ona Iectonlcth( mdu,ced transltlon m s] pe ] s
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Fig 22 Denudation rates calculated for exposed bedrock samples plotted against different
environmentaland lithological variables (A) Denudationrates plotted againstlocal hillslope gradient
denudationrates are clearly decoupledfrom hillslope gradient (B) Denudationrates plotted against
elevation denudationratesare clearlydecoupledfrom elevation (C)Denudationrates plotted against
local mean annual precipitation (MAP)values samplesshow a generalpositive dependencyon MAP
values (D) Denudationrates plotted againstbedrockMg/Camolar ratios. Averagedenudationrate of
low-Mg calcitesis lower than that of high-Mg calcitesand dolomites (E) Denudationrates plotted
against bedrock Schmidt hammer rebound values (F) Denudation rates plotted againstinsoluble
residueweightfraction. Figuremodified after Rybet al. (2014).
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chemical weathering rates, and are on average higher. Therefore, it has been suggested that effective
precipitation over the western face of the Judea Range was higher than at present over the time scales
averaged by 36CI method (104 105yr) (Ryb et al., 2014b). Figure modified after Ryb et al. (2014a).
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(MAP < 200 mm), we limit in situ denudation rate data to interfluves. Data from Mediterranean
and semiarid climate zones include all available denudation rates. Denudation rates follow the
trend of MAPacrossthe range, and decreaseby an order of magnitude between the western and
eastern flanks. Figure modified after Ryb et al. (2015).
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Fig. 27: A) Published denudation rate
Windward flank data (Ryb et al., 2014a, 2014b) limited
to interfluve sites across the Judea
Range correlate with local ST (elevation
difference between a stratigraphic
datum and the present topography; see
text) values. B) Mean annual
precipitation (MAP) values are plotted
against S-T values of major interfluves
across the Judea Range. Nonlinear
increase in ST values with MAP occurs

0 200 400 600 across the windward flank of the range.
MAP (mm) Figure modified after Ryb et al. (2015).
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Fig. 28: Time-variation in the morphology of an arch experiencing a uniform denudation over
the windward flank (left) and differential denudation over the leeward flank (right). Over the
leeward flank of the arch, denudation rate decreases (linearly) by an order of magnitude
between the water divide and left-most margin. Over time, the water divide (white dots)
migrates towards the lee-side leaving a planar surface which cuts through the structure. This
simple model demonstrates that the non-symmetric denudation pattern generated by the rain-
* shadow effect, will driveto,ge erate and/or maintain the upper fOligocene truncationo surface.
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The Dead Sea

The Dead Sea fault relates the opening of the Red
Sea in the south to the Taurus-Zagros collision in
the North. Since ca. 13 Ma, it has accommodated
an amount of 105 km of sinistral displacement
between the Arabian and African plates. Coeval
with the onset of oceanic accretion in the Red Sea
and the initiation of the East and North Anatolian
faults, a number of pull-apart basins initiate along

DeadSea Basin

Arava Valley




The Dead Sea

The Lido

The Madaba Map (also known as the Madaba Mosaic Map) is part of a floor
mosaic in the early Byzantine church of Saint George at Madaba, Jordan.
Part of it contains the oldest surviving original cartographic depiction of the
Holy Land and especially Jerusalem It dates to the 6" century AD.

Among many geographic aspects of the Holy Land, the mosaic shows boats
and bridges in the Jordan River, probably denoting appropriate conditions
for navigation, which do not prevail today.
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Fig. 30: The Lido hotel, constructed on
the Dead Seashorelinesin the 1960s.
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The Dead Sea

Kibbutz Ein Gedi

Fed by a few perennial springs, Ein Gedi was settled as early as the Chalcolithic
period, some 5,500 years ago. The Bible records David hiding from Saulin the caves
of Ein Gedi and later escaping to Masada In the Roman times a Jewish farm
operated here a lucrative Balsamonperfume production. The Jewish village thrived
also in the Byzantine period, but in the 6 century the village was destroyed and
abandoned. In the Mamluk period a flour mill was installed in the oasis, yet
significant development at Ein Gedi took place only after 1948. In the last stage of
the War in Independence, Israeli forces sailed on the Dead Sea from Sedom, and
landing at Ein Gedi, they established it as part of the state of Israel. The military post
became a kibbutz in 1956, which flourishes to this day with a population on 588 (in
2021) based mainly on tourism and agriculture as the main economic sectors. The
kibbutz members collected and planted a wide variety of plants apt for desert
climate. Over the years they planted over a 1000 of trees and plants, and another
1000 types of cacti. Irrigated by (the Israeli invented) drip-irrigation, these plants
adapted quickly, and formed dense jungle-like gardens between the Kibbutz homes.
In 1994 these gardens were registered in the Botanic Gardens Conservation
International jgﬁ&ﬂb@tﬂ”éérgarden, the only one to have people living in it.
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Day 3: THE DEAD SEA SHORES,
SINKHOLES, PALEOLAKES AND MT. SEDOM
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Fig. 33: Map of the sites planned to be visited on March 16™.
[1. Ein Gedl; 24 Masada Stream 3 Mt. Sedom; 4 Em Bpkek]



