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the coastal plain from northern Acre to Naharia: results of seismic 
microzoning study 2010
Aksinenko T., Hofstetter R., Giller V., Shvartsburg A.

Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel          

In order to evaluate the local site effects in coastal plain from northern Acre to Naharia we 

conducted microtremor measurements at 164 locations with a dense grid of 500*500 m2 in an 

area of 34 km2. 

Our investigation demonstrates that the H/V curves exhibit two and more resonance 

peaks appearing at different frequencies. The corresponding frequencies are interpreted as 

fundamental (f0) and other natural (fn). The first fundamental peak (f0) is associated with a 

deeper reflector. The limestone and dolomite of the Judea Group is the fundamental reflector 

at all investigated area. The second peak (f1) is correlated with the thickness of sediments above 

a shallow reflector. The sandy limestone of the Kurdani Formation is the shallow reflector. The 

amplitude of other resonance peaks depends mainly on intermediate impedance contrasts. 

We present four maps that reflect the fundamental characteristics of site effects in the area: 

dominant frequencies and maximum relative amplifications.

Borehole information about the sediments, which is available from shallow water wells, 

together with geological and geotechnical data, were used to construct multi-layer 1D-models 

that yields site response functions that match the observed features of the H/V spectral 

ratio functions. This allows deriving S-wave velocity structure, estimate the thickness of the 

sediments at all of the measurement sites and reconstruct subsurface structure. We present 

maps of the fundamental reflector depth, thickness and average shear-wave velocity of the 

sediments above shallow reflector. In our study we reconstruct the faults previously traced by 

geological data and reveal some new.

The subsurface model serves as input for computing of Uniform Hazard Site-Specific 

Acceleration Response Spectra at the investigated sites. The finale stage is generalizing the 

hazard by mapping zones that feature similar seismic hazard functions.
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structural analysis of seismogenic slumps in the Lisan Formation,  
Dead sea basin
Alsop I. G.1, Marco S.2

1. Department of Geophysics and Planetary Sciences, Tel Aviv University, Tel Aviv 69978, Israel 

2. Department of Geology and Petroleum Geology, School of Geosciences, University of Aberdeen, UK        

The Late Pleistocene Lisan Formation exposed near the Dead Sea provides spectacular 3-D 

exposures of folds and faults generated during soft-sediment slumping and deformation. The 

progressive evolution of slump systems may be broadly categorized into initiation, translation, 

cessation, relaxation and compaction phases. Thrust packages typically define piggyback 

sequences during slump translation, with back-steepening of imbricate faults leading to 

collapse of folds back up the regional palaeoslope. Field observations show that commonly the 

deformation begins as moderate wave-like folds, evolves into asymmetric folds, then reclining 

folds, which become turbulent, unstable and finally the layers are fragmented in the form of 

breccia. Statistical analysis shows that the transport toward the depocenter determines the fold 

asymmetry. During past earthquakes this process stopped at different stages, depending on 

the strength and duration of the shaking. The numerical modeling of this sequence by Heifetz 

et al. 2005 and and Wetzler et al. 2010 led to linkage between the degree of deformation, rock 

properties (thickness, density, and viscosity gradients) and ground acceleration.

Detailed analysis of the deformed layers shows that some of them were affected by subsequent 

events. Reworking of seismites might reduce the number of earthquakes inferred from simple 

counting. We can easily distinguish events when the sedimentation during interseismic time is 

larger than the deformed layer and therefore they are separated by undeformed layers.
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the dynamics of vegetation and biogenic crust cover in sde 
halamish sand dunes field
Amir R.1, Ashkenazy Y.1, Tsoar H.2

1. Department of solar Energy and Environmental Physics, Albert Katz International School of Desert 

Studies, Ben-Gurion University of the Negev, Beer Sheva 84105, Israel

2. Department of Geography and Environmental Development, Ben-Gurion University of the Negev, Beer 

Sheva 84105, Israel       

Sand dunes are found in three main stages: free of vegetation and active, partly vegetated and 

partly active, fully vegetated and stable. All of the fixed dunes in the world have been active in 

the past, under different climate conditions.  

Active dunes cause serious threat on human property and activity as they can cover roads, 

houses, and agricultural fields. In addition, unique ecosystems are associated with active and 

fixed dunes and thus alternation of the dune activity may results in reduced biodiversity.

In order to study the relationship between biogenic crust, sand and vegetation, we implemented 

an experiment in the dunes of Sde Hallamish near the Israel / Egypt border. We divided our 

research site to 4 main habitats (interdune, south, crest and north), and 5 treatments in each 

habitat: removing all vegetation and biogenic crust, removing only biogenic crust, removing 

only vegetation, removing 50% percent of vegetation and biogenic crust and control plot. We 

took pictures of the plots every month and analyze them with automatic algorithm that we 

developed, that computes the area cover percentage of sand, biogenic crust and vegetation.

The results summarize the changes over the plots from July 2008 to August 2010. We found 

large variability of vegetation, biogenic crust and sand cover. Wind power and the amount of 

rain are the main meteorological factors affecting these changes. Strong winds can overcome 

the effect of rain.
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the role of the Nile in initiating a massive dust influx to the Negev 
late in the middle Pleistocene
Amit R.1, Enzel Y.2, Crouvi O.1,2, Simhai O.1,2, Matmon A.2, N Porat 1, McDonald E .3, 

Gillespie A.4
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4. Quaternary Research Center, Department of Earth and Space Sciences, University of Washington, 

Seattle, Washington 98195, USA  

The sudden late middle Pleistocene initiation of loess accretion in the Negev Desert, Israel, 

resulted from a chain of events starting with the exposure of shallow off-shore Nile delta 

sands beginning ~180 ka, under glacially lowered eustatic sea level.  This exposure allowed 

the formation of the dunes of the Sinai-Negev erg and the eastward movement of the dunes 

under the strong glacial-time winds in northern Sinai.  This eastward dune advance occurred by 

aeolian saltation that generated by abrasion of the coarse silts that accumulated downwind as 

loess. We postulate that the absence of earlier Negev loess is not a result of interglacial erosion 

as proposed before, but is due to the relatively recent convergence of the above conditions 

necessary for loess formation.  We based our interpretation on analyses of two long-existing 

natural dust traps and the association of coarse quartz silt production with the advancing 

quartz-rich dunes over this carbonate terrain.  Although the Nile delta is considered an early 

to middle Pleistocene feature, and therefore could have been the source of sand throughout 

the Quaternary, it attained the shallow depth range of glacial-interglacial sea level changes 

only during late marine oxygen isotope stage 7 to early stage 6, allowing its wide exposure.  In 

Quaternary times prior to erg formation, regional dust was finer, composed mainly of fine silt 

and clays derived from distal sources in the Sahara and Arabian deserts. 
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the δ34s of dimethyl sulfide in the surface ocean
Amrani A. 1,2, Sessions A.2, Dalleska N.2, Deakas A.2, John S.2, Orphan V .2, Adkins J.2

Geological Survey of Israel, Jerusalem 95501, IRAEL1. 

California Institute of Technology, Pasadena, CA, USA2. 

Dimethyl sulfide (DMS) is the major volatile breakdown product of dimethylsulfoniopropiona

te (DMSP), produced in the oceans by phytoplankton. Massive amounts (13-45 Tg of S year-1) 

of DMS released to the atmosphere and profoundly affect the global sulfur cycle. When DMS 

emits to the atmosphere, it is rapidly oxidized to sulfate. Sulfate, is a significant constituent of 

sub-micrometer aerosols that alter the reflection of solar radiation from the Earth.

 We studied the δ34S value of DMS in surface oceanic water in order to use it as a tool for accurate 

estimations of the DMS flux to the atmosphere.  These measurements are the first of their kind 

using a new method for the analysis of δ34S in individual compounds at trace amounts. DMS is 

trapped on adsorbing resin from purging of sea water. In the next stage the DMS was analyzed 

by coupling a gas chromatograph with multicollector inductively coupled plasma mass 

spectrometer. Results obtained by this new technique show fairly uniform δ34S DMS values in 

surface marine water of about 18-21‰ in all locations – Tasmania, Pacific Costa Rica and San 

Pedro, CA. Variations of δ34S values in the water column down to 80 meters below the surface 

are relatively small (2-4‰) and correlate with the mixed-layer boundary.  This study shows that 

isotopic values of DMS are distinct from anthropogenic sources of sulfate, and therefore enable 

calculations of isotopic mass balance. This is the first and essential step toward more accurate 

estimations of DMS contribution in sulfate aerosols based on sulfur isotopes.  
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Estimation and characterization of the quantities, properties and origin 
of the suspended sediments from the Jordan River into Lake Kinnert 
Ankory E.1, Greenbaum N.1, Wittenberg L.1, Markel D.2
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Estimations of the quantities and properties of the suspended sediments from the Jordan River 

into Lake Kinneret are based, at present, on continuous monitoring at the Pkak bridge, located 

at the outlet of the Hula Valley, 15 km upstream of from lake Kinneret. The importance of these 

estimations are related to the increase of polluting solids transported by the Jordan river into 

the lake Kinneret by the water and attached to the suspended particles. 

This research estimates the quantity of water and sediment transported directly from the 

Jordan River into the Kinneret including the fraction that originates from the Jordan canyon. 

The study aims at characterizing the chemical and mineralogical properties of the suspended 

sediment in order to trace their sources. 

For these purposes a new hydrometric station was reconstructed at the Arik Bridge some 

1 km upstream of the lake, which provides continuous monitoring of water levels. A series 

of cross sections which provides the geometry of the reach was analyzed using hydraulic 

engineering program and produces a stage-discharge rating curve. Manual sediment sampling 

was preformed during floods – every 3-6 hours in average whereas base flows were sampled 

weekly by Mekorot. The samples were collected near Arik Bridge and a number of potential 

sediment sources in the basin in view of their mineralogical and chemical “finger print”. Other 

methods include analyses of airphotos to located fresh scars after large floods along the 

canyon, comparison of hydrological and sedimentological data from the Arik Bridge to the 

Pkak bridge.  

The samples were analyzed for mineralogy using XRD and chemical analyses using ICP – EAS. The 

analyses were performed at the laboratories of the IGS.  The results show that during the study-

period (2008-2011) the major floods occur during winter and early spring (January to March). 

A seasonal trend of decrease in the suspended sediment availability was documented during 

2008-9 and 2009-10. Relations between discharge and sediment concentration indicate clock-

wise loops which indicates on the proximity of the sources of the sediments.  

Maximum sediment concentration were 1073 mg/l and maximum event SSL was 13,583 ton. 

The annual  SSL of the floods  ranges between 8,029-24,762 ton.

Largest SSL - 50-70% of the total SSL is contributed to the Jordan by the Hazbani Stream. The 

SSL from the Golan Heights streams were found to be very small. 

The maximum discharge at the Arik Bridge during the winter of 2008-9 was 3-11% higher then 

in the Pkak Bridge. 

During the floods the difference between the SSL measured near Arik Bridge and the SSL 

measured near the Pkak Bridge reached 14%. This quantity of sediment is inferred to be 

transported from the Jordan canyon.
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the dynamics of sulfate reduction as deduced from data of sulfate 
isotopes in pore fluids and their subsequent modeling
Antler G.1, Turchyn A.2, Herut B.3, Sivan O.1

1. Department of Geological and Environmental Science, Ben Gurion University of the Negev, Beer 

Sheva 84105, Israel

2. Department of Earth Sciences, University of Cambridge, Cambridge CB2 3EQ, UK

3. Israel Oceanographic & Limnological Research Ltd., Tel-Shikmona, P.O.Box 8030, Haifa 31080, Israel     

Dissimilatory bacterial sulfate reduction (BSR) is a gained energy process, where prokaryotes 

utilized sulfate as an electron acceptor to oxidize organic matter in anoxic environments. In 

marine sediment, BSR is responsible for over half of the oxidation of organic matter. However, 

despite its important role, the mechanisms of BSR are still not clearly understood. The aim 

of this study is to follow the pathways of BSR in sediments by using stable isotopes of sulfur 

and oxygen in pore fluids sulfate profiles. This is based on the fact that the sulfur isotope 

fractionation is a function of each step of the sulfate reduction and the fluxes forward and 

backward of each step. On the other hand, the oxygen isotope has shown not only kinetic 

fractionation effect but also a component of the ambient water isotopic composition. 

Pore fluid profiles from the Eastern Mediterranean and the Yarqon estuary (Israel) suggest 

association between the net BSR rate, deduced from the sulfate concentrations profiles, and the 

slope of the ratio between oxygen and sulfur isotopes. Worldwide pore fluid profiles support 

this observation. By modeling the expected ratio of the sulfate isotopes we suggest that the 

slope indicates the extent of sulfite oxidation and therefore the efficiency of sulfate reducing 

bacteria. 
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Geological Roadside Guide of Israel
Arkin Y., Ecker A., Levitte D.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

The guide contains data on geological outcrops along selected roads in Israel describing the 

rock types, as well as the geological structure and history of the region

 At convenient stops along the selected road the lithology of the geological formations is 

described and variations in relation to other areas pointed out. Other data such as thicknesses 

and facies changes are given. The geology is described using topographic and geological maps 

accompanied by columnar sections, cross-sections and photographs.  

The first in a series of guide books describes the geological outcrops along Route 395 which 

begins at Bible Hill (Givat Hatanach, Stop 1) opposite the old Jerusalem Ottoman railway station 

southwest of the Old City. Route 395 takes you from the center of Jerusalem westwards across 

the Judean Mountains by way of Ein Kerem across the Soreq Valley at an elevation of 550m, 

reaching Ramat Raziel at 750m and then gliding down to Eshtaol at 250m, reaching the main 

road, Route38 from  Sha’ar Hagai to Bet Shemesh for a total of approximately 27 kilometers.

The guide also includes a short introduction to the geology of Israel and a glossary of geological 

terms used in the guide. The present poster is an example of some of the data which will appear 

in the guide.

STOP 1. Bible Hill (Givat Hatanach).

The hill is an urban nature site in the heart of Jerusalem bounded by David Remez Street in 

the west, Hativat Yerushala’im Street in the east ( cords: 17137/13057). The regional watershed 

passes through the hill so that runoff rainfall is both to the west, to the Mediterranean and to 

the east to the Dead Sea. The hill is a natural lookout over the Judean Desert with the plateau 

of the Moab Mountains in Jordan in the background.

The upper units of the Bina Formation (Kub) of Upper Cretaceous – Cenomanian to Turonian 

age are exposed as part of the shallow dipping eastern flank of the asymmetric Judean 

Anticline. The rocks exposed are well bedded lithographic and sub-lithographic limestone, 

with some marl layers, known locally as “Mizzi Hilu” meaning sweat rock. These overly thickly 

bedded coarse crystalline limestone with relics of Rudistids and other fossils. It is locally known 

as “Meleke” meaning the stone of kings and historically is the stone used to build the Temple 

and other important buildings. Minor faults, collapse structures and karst can be seen around 

the hill. Details are shown in the accompanying maps and sections.
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biogeochemical Process coupling as critical Factor in Modeling 
Nitrogen Dynamics in streams
Arnon S.

Zuckerberg Institute for Water Research, Ben-Gurion University of the Negev, Sede Boker 84990, Israel

In standard models for nutrient dynamics in streams, nutrient consumption rates are normally 

assumed to be independent of hydrodynamic transport rates.  However, this is not generally 

what happened when we closely look at these processes in holistic manner.  The classic view 

of solute transport in streams adopted is that there is a distinct separation of the surface water 

system from the subsurface system, with some connectivity across the stream-subsurface 

interface. Now we recognize that surface and subsurface processes are highly coupled in 

streams, and this has strong implications for nutrient dynamics. This is particularly true for 

nitrogen because it can be used metabolically as well as being assimilated, and the metabolic 

pathway is always suppressed in the presence of oxygen, which is preferentially used as an 

electron acceptor by facultative denitrifying bacteria.  Because most bacterial activity in streams 

occurs in the sediments (benthic and hyporheic regions), nitrogen dynamics are regulated by 

stream-subsurface exchange and the redox structure of the shallow subsurface. Further, the 

physical and chemical structures of rivers are themselves coupled, particularly in that oxygen 

will be found at greater concentrations and greater depths in the sediments under faster 

hydrodynamic transport conditions.  As a result, local nitrate consumption rates will normally 

vary with stream flow conditions, and will not be independent as assumed in most models. This 

result has been unequivocally demonstrated through controlled experimentation with direct 

measurements of flow conditions, oxygen and pH profiles, and bulk nitrogen consumption. 

Here, we will use these experimental results to reevaluate parameterization of in-stream 

nitrogen dynamics models, including co-variance of hydrodynamic transport conditions and 

local nitrification and denitrification rates.  We will also address requirements for appropriately 

averaging process rates to the whole-system scale and assessing the results of whole-stream 

nutrient addition experiments in light of this biophysicochemical process coupling.
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Geomorphology and sedimentology of the sub-marine Akhziv canyon
Ashkar L.1,2, Bookman R.2, Almogi-Labin A.1, Ben-Avraham Z.3,4
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The northern continental shelf of Israel is relatively steep (6-8°) and incised by sub-marine 

canyons. The Akhziv submarine canyon is the largest and most developed one and the 

southernmost in a series of canyons that formed off-shore Lebanon up to Beirut.  The canyon 

is incised into the continental shelf 3 km from the north western Galilee coast to a depth of 

1200 m. The processes responsible for the sub-marine canyon development and the nature 

of sediment transport and accumulation mechanisms in the continental shelf and down the 

canyon to the deep sea were not studied in detail yet. Moreover, basic information on the 

geological section in which the canyon is incised, and the connection to the east-west western 

Galilee fault system that transverse the continental shelf, is missing. 

At the first stage of the study, the high-resolution bathymetric mapping (the National 

Bathymetry Project) was used to define the morphological connection between the Akhziv 

submarine canyon and the north western Galilee terrestrial streams, which are expressed in 

the main east-west flow direction. Gaps in the submarine aeolian calcarenite ridge testify for 

sediment transport from land to the continental shelf and slope. Piston cores (2-3 m) and short 

cores (30-50 cm) were sampled along the main axis of Akhziv canyon and thalweg, from depths 

of 40 m to 700 m. X-ray reflections of the cores showed the upper section is fine laminated 

while most of the core is homogenous. The change in sedimentation pattern was also evident 

from magnetic susceptibility measurements. The magnetic susceptibility is higher in the fine 

laminated upper sediments and can insinuate on the sediment origin and transport mechanism. 

The differences in the sedimentation patterns along each core and between different cores 

will be investigated in terms of the transport and accumulation dynamic processes along 

the canyon axis. In addition, new shallow high-resolution seismic lines (Sparker), which were 

carried out along the continental shelf and canyon head shed light for the first time on buried 

streams and young sediment fill in the shelf.

The seismic and sedimentary data will enable to study the structure and geomorphologic 

evolution of the canyon in the shelf and the connection to the regional tectonic system, and 

will provide vital information on the seismic risk in the region as reflected in slide and turbidities 

deposits in the canyon and its surroundings. The sedimentary fill, which was affected by the 

glacial-interglacial cycles, will be described and radiocarbon dated. The reconstructed record 

will enable to assess the transport and accumulation processes from source to sink along the 

eastern Mediterranean continental shelf.



Abstracts | 29

sand dune mobility under climate change in the Kalahari and 
Australian Deserts
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Vegetation cover on sand dunes mainly depends on wind power (drift potential—DP) and 

precipitation. When this cover decreases below a minimal percentage, dunes will start moving. 

It is therefore necessary to study the effects of DP and precipitation on contemporary dune 

activity in order to predict likely future dune mobility in the coming decades. We concentrate 

on the future activity of currently fixed dune fields of the Kalahari and the Australian deserts. 

These sand seas include the largest areas of stabilized dunes in the world and changes in their 

mobility have significant economic implications. Global maps of DP are introduced, based 

on real and reanalysis data. Analysis of two global circulation models (GFDL and CGCM3.1) 

provide future predictions under the SRES-A1B IPCC scenario, which is a moderate global 

warming scenario. According to the GFDL model, both the Australian and Kalahari basin dunes 

will apparently remain stable towards the end of the 21st century because the DP will stay 

small, while the rate of precipitation is expected to remain much above the minimal threshold 

necessary for vegetative growth which lead to dune stabilization. The CGCM model predicts 

insignificant changes in DPs and shows that precipitation rate is above 500 mm/yr for almost 

the entire Kalahari basin. The central-northern part of Australia is predicted to have larger 

DPs and greater precipitation than the southern part. Since the predicted changes in DP and 

precipitation are generally not drastic, both the Australian desert and Kalahari basin dunes are 

not likely to become active. Still, the Australian dunes are more likely to remobilize than the 

Kalahari ones due to some decrease in precipitation and increase in wind power.
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New seismic measurements in the town of Kiryat shemona to be 
used for earthquake hazard assessments.
Ataev G., Giller V.

Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

Seismological measurements at 55 locations were carried out in Kiryat Shemona (2010) 

to detect the potential for site amplification effect at school sites. Amplification potential is 

detected using the H/V spectral ratios technique. The H/V analysis of ambient noise and of 

ground motions of local and regional earthquakes (measured in 2010)  together with the 

previous H/V data (obtained in 2002) were used to identify the distribution of the first resonance 

frequency and its associated H/V amplitude. The first peak in the H/V spectrum is related to the 

bedrock responsible for the resonance effect, which is the basalt of Plio-Pleistocene age in the 

center and carbonate and conglomerate in the west of Kiryat Shemona.  At some zones, we 

observed two peaks of resonance frequencies - in the landslides scars and in the vicinity of the 

outcropping of basalt flows. These are evidence of existing intermediate hard layer, which is 

responsible for second peak in H/V ratio. 

Velocity model obtained by integrating the new and the old H/V ratios with seismic refraction 

survey data and available geological information was used to explore the subsurface landslides 

structure. Several geological profiles crossing these zones were built. They display the velocity-

depth sections to the bedrock. We suggest the location of the Kiryat Shemona fault which is 

partially covered by slope movement material. We also identified the branch of the Tel-Hay 

fault which is covered by alluvium. 

 The subsurface models are implemented to assess the seismic hazard in terms of Site Specific 

Uniform Hazard Acceleration spectrum. 
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coupled U-Pb-Hf in detrital zircons of cambrian sandstones 
from Morocco and  sardinia:  implications for provenance and 
Precambrian crustal evolution of North Africa
Avigad D.1, Gerdes A.2, Morag N.1, Bechstädt T. 3
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U-Pb-Hf of detrital zircons from diverse Cambrian units in Morocco and Sardinia were 

investigated in order to clarify the sandstone provenance and how it evolved with time, to 

assess whether the detrital spectra mirrors basement crustal composition and whether it is 

a reliable pointer on the ancestry of peri-Gondwana terranes. Coupled with Hf isotopes, the 

detrital U-Pb age spectra allow a unique perspective on crustal growth and recycling in North 

Africa, much of which is concealed below Phanerozoic sediments. 

In Morocco, the detrital signal of Lower Cambrian arkose archives local crustal evolution 

dominated by Ediacaran (0.54-0.63 Ga) and Late-Paleoproterozoic (1.9-2.2 Ga, Eburnian) 

igneous activity. A preponderance of the Neoproterozoic detrital zircons possess positive εHf(t) 

values and their respective Hf-TDM ages concentrate at 1.15 Ga. In contrast, rather than by 

Ediacaran, the Neoproterozoic detrital signal from Middle Cambrian quartz-rich sandstone is 

dominated by Cryogenian-aged (0.63-0.85 Ga) detrital zircons alongside a noteworthy early 

Tonian (0.95 Ga) peak, a few Stenian-aged (1.0-1.1 Ga) detrital zircons are also distinguished. 

The majority of the Neoproterozoic zircons display negative εHf(t), indicating the provenance 

migrated onto distal Pan-African terranes dominated by crustal reworking. Terranes such as the 

Tuareg Shield were a likely provenance. The detrital signal of quartz-arenites from the Lower 

and Middle Cambrian of SW Sardinia resembles the Moroccan Middle Cambrian, but 1.0-1.1 

Ga as well as ~2.5 Ga  detrital zircons are more common there. Cambrian Sardinia may have 

been fed from sources located farther to the east along the north Gondwana margin. 1.0-1.1 Ga 

detrital zircons abundant in Sardinia generally display negative εHf(t) values while 0.99-0.95 Ga 

detrital zircons (abundant in Morocco) possess positive εHf(t), attesting for two petrologically-

different Grenvillian sources in North Africa. An Andean-type Stenian source appears to have 

been more prominent in the east where Sardinia had been located.  A paucity of detrital 

zircons younger than 0.6 Ga is a remarkable feature of the detrital spectra of the Moroccan and 

Sardinian quartz-rich sandstones, indicating sandstone production involved dispersal of earlier 

molasse sediments that did not contain detrital zircons younger than 0.6 Ga in the first place. 

About a quarter of the Neoproterozoic-age detrital zircons in the quartz-rich sandstones 

of Morocco (and a double proportion in Sardinia) display positive εHf(t) values indicating 



| Israel Geological Society 2011 32

considerable juvenile crust addition in North Africa (north of the Congo craton), likely via island 

arc magmatism. A substantial fraction of the remaining Neoproterozoic zircons which possess 

negative εHf(t) values bears evidence for mixing of old crust with juvenile magmas, implying 

crustal growth in an Andean-type setting was also significant in this region.
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Oligocene regional denudation of the northern Red sea and the 
Levant areas: early breakup stages of the Afro-Arabian plate and 
the early activation of the Dead sea Fault
Avni Y.1, Segev A.1, Ginat H.2
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We introduce a new map of the geological units exposed by the regional truncation surface 

(RTS) in the northern Red Sea and the southern Levant and analyze it. The RTS developed during 

the Oligocene as a result of large crustal doming, centered in Ethiopia, and widespread fluvial 

and marine erosion acting on the northern edge of the Afro-Arabian continent. The Eocene 

marine sequences in this region include widespread slump structures and intraformational 

conglomerates, occasionally followed by early Oligocene continental conglomerates. These, 

mainly monomictic conglomerates are attributed to the Eocene-Early Oligocane Themed 

Group. They were preserved within down-faulted blocks of Early Oligocene age, developed 

prior to the RTS formation in a wide belt of the northern African continent. Some of partial 

(relicts) outcrops of this group were previously attributed to the Miocene Raham conglomerate. 

The faults bordering these blocks are oriented N-S, E-W and SE-NW and indicate an extensional 

re-activation of pre-existing faults. The Middle Eocene-Early Oligocene tectonism followed 

regional crustal heating, caused by the Afar plum and its extension toward the northern Red 

Sea and the Levant areas. The fact that the Dead Sea fault system is clearly reflected in the RTS 

map indicates that it was activated during the Early Oligocene presumably along an old week 

zone in the crust. This tectonic setting predated the Late Oligocene-Early Miocene localization 

of the Red Sea rifting and the present Dead Sea Transform (DST). Early to Middle Miocene 

conglomerates, which overlie the RTS, include fragments of much earlier and deeper sited rock 

units, down to the Precambrian magmatic-metamorphic rocks and are integrated in the Red 

Sea Group (new name). The map demonstrates that Precambrian rocks were widely exposed 

during the development of the RTS, especially along the present Red Sea and in some areas 

along the southern Arava segment of the Dead Sea Fault. During the Oligocene truncation, vast 

quantities of eroded materials were transported to the Eastern Mediterranean accommodation 

basin, which probably served as a large reservoir for hydrocarbons. 

Reconstruction of the RTS sheds new light on the initial stages of the Afro-Arabian plate 

breakup. Two main stages are concluded: 1. Early Oligocene slow uplifting and faulting phase, 

which affected a large area in the Red Sea and the Levant. 2. A Middle-Late Miocene major 

morpho-tectonic event which was associated with the localization of the Red Sea rifting. This 

event uplifted and faulted the region, localized the DST within the wide faulted zone of the 

ore-existing Dead Sea fault system and dictated most of the present day morphology. 
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Identifying Unusual Animal behavior as an Early Warning system 
for Earthquakes
Avni-Magen N.1, Kark S.2
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In 1975, there was a very strong earthquake in Haicheng, China, which destroyed the entire city. 

Shortly before the earthquake struck most of the citizens were evacuated safely because of an 

early warning based on the bizarre behavior of local animals both wild and domestic. The most 

unusual behavior noted was that of hibernating snakes which suddenly left their underground 

nests and went out into the snow. Reports of unusual behavior before earthquakes exists from 

all parts of the world. Several hours before the 2005 Tsunami wave struck South East Asia there 

were reports of elephants in a Sri Lankan Elephant sanctuary which suddenly ran for the high 

mountains. Additionally, there have been reports of flamingos that abandoned their nests 

and dogs that refused to go out for their daily run along the beach. There are other anecdotal 

reports worldwide of bizarre behavior before earthquakes. Sea animals like seals, hippos, 

crocodiles behaving strangely, fish that jump out of the water, rodents and snakes running out 

of burrows. House pets like birds, dogs and cats exhibiting abnormal behavior, pastured horses 

suddenly becoming hysterical. Wild animals show signs of confusion, disorientation, lack of 

fear of humans and frantic searching for a hiding place. Most reports are received between 

12 – 24 hours before the event. There are many theories about what the animals might be 

feeling during this time period before a seismic event occurs. Investigators trying to research 

and measure such phenomena have been unsuccessful to date. The parameters checked have 

included, changes in electro-magnetic fields, changes in radon gas levels and an ability to sense 

microseismatic movements of the deep earth. 

At the Jerusalem Biblical Zoo we received reports about strange behavior of animals hours 

before mild but obvious earthquakes struck Jerusalem. The Biblical Zoo is a member of the 

Israel Zoos Association which includes zoos over the whole length of Israel: Safari in Ramat 

Gan, Hai Kef in Rishon L’tzion, Haifa Zoo, Hai Park in Kiryat Motzkin, and Gan Garoo in Kibbutz 

Nir David. In all these zoos, where there is a high concentration of animals in one place, it is 

important to increase the awareness of the keepers to these phenomena. Recently each zoo 

has been assigned a designated contact person to collate all the reports of strange behavior 

in animals. It is important to see if there is any connection between the synchronized data 

of all Israel’s Zoos and any seismologic activity reported during a given period. A systematic 

examination of worldwide animal behavior compared to to seismic activity and the experience 

in Israel may open up the possibility for the future development of an early earthquake warning 

protocol based on animal behavior.
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Modern intensive agriculture in greenhouses implements excessive amounts of agricultural 

inputs as fertilizers, pesticides and irrigation water to prevent lack of essential nutrients. As such, 

excess fertilizing component may be transported by percolating water through the vadose zone 

to ground water. In the recent years with the increasing demand for fresh vegetables, a new 

approach of Organic agriculture is rising. In the Organic approach, fertilizer and pesticides is 

mainly from organic sources. These organic food products considered to be healthier for human 

consumption. Furthermore, Organic agriculture is perceived by the public less harmful for the 

environment. However, latest studies indicate that the excessive use of manure from organic 

source as fertilizer in agriculture may have negative influence on the ground water quality. 

The potential influence of intensive agriculture in greenhouses was studied in two greenhouses 

that specialize in growing vegetable by organic and conventional agro-technical regimes. 

Both greenhouses are located at the southern part of the coastal plain of Israel, with very 

similar climatic and geological conditions. The vadose zone underlying each greenhouse 

was instrumented with a vadose zone monitoring system (VMS) which provide continuous 

measurements of the sediment water content and allow frequent sampling of the vadose zone 

pore water at multiple points. 

Primarily results shows that the vadose zone underling the organic greenhouse exhibits very 

high nitrate concentration with an average of 350 mg/l and peak concentration of 850 mg/

l in a depth of 1.5-2.5 (m). On the other hand the vadose zone underling the conventional 

greenhouse exhibits much lower nitrate concentrations with an average value of only 37 mg/l. 

Interestingly, while the vadose zone underlying the organic greenhouse is characterized with 

very high nitrate concentration the root zone of this site suffers from very low concentrations 

which means shortage of available fertilizers for the plant. Similarly, phosphorus concentration 

under both greenhouses shows similar profile pattern with maximum concentration of 15 and 

5 mg/l under the organic and conventional greenhouse, respectively. 

Using organic manure as the main nutrient source in the organic agriculture approach can be 

the reason for the significant high nitrate and Phosphorus concentration under this green-
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house. In order to transform to basic available nutrient, the organic manure has to go through 

several microbiological process. The existence of this process is variable by several other 

parameters such as temperature and soil moisture. For that reason, the efficiency of nutrient 

release can vary in time. This could lead to gap between the nutrient release and the nutrient 

uptake by plants.

As a result of this gap part of the fertilizer is transported below the root zone to deeper parts 

of the vadose zone and could reach finally to the ground water.
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 Nuclear explosions and small to medium-size earthquakes often produce similar seismic signals. 

A nuclear explosion may trigger an earthquake in its vicinity, making the distinction between 

the two even more complicated. In the case of insufficient coverage by seismic networks the 

detection resolution of these two features is also limited, causing ambiguities of up to a few 

tens km in location and up to one order of magnitude. Thus, in some cases, these features may 

be either incorrectly located or indistinguishable. We demonstrate the use of satellite-based 

Interferometric Synthetic Aperture Radar (InSAR) for precise detection and discrimination of 

ground deformation associated with subsurface nuclear explosions in the Nevada Test Site 

(NTS), USA. Following multiple explosions that occurred between the early 1970’s and 1992, 

continuous ground subsidence has been observed. Ground movements are also documented 

during and after the last two explosions in 1992, enabling distinction between coseismic 

and postseismic deformation associated with the explosion, and coseismic and postseismic 

deformation associated with earthquakes of comparable size elsewhere. Finally, we present a 

preliminary analysis of the cumulative deformation in NTS and its relationship to the number 

and locations of the explosions.
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During the night of February 10, 2009 a heavy rain storm struck the West rock slopes of 

Masada Mountain, situated in the Judean desert on the margins of the Dead Sea rift valley, 

Israel. Consequently a sizeable rock avalanche was triggered, the debris of which damaged the 

ancient roman path leading to the water cisterns that were excavated by the Romans for water 

storage in the cliffs of the mountain. The entire slope failure was documented is a series of high 

quality photographs taken by the local park rangers before and immediately after the event. A 

fully equipped meteorological station located ca. 300 meters from the rock slide recorded the 

amount of precipitation, temperature, and wind velocity during the event. 

In order to measure, in high precision, rock block response to daily and seasonal environmental 

oscillations, a monitoring system was installed on a finite key-block, separated from the rock 

mass by several intersecting rock joints. The monitoring system, comprised of four joint meters, 

temperature, and relative humidity transducers, has been collecting output data every two 

hours since July, 2009. 

Preliminary analysis of data indicates an inverse relationship between joint opening and 

temperature, suggesting that the rock block material contracts and expands as a response to 

environmental cooling and warming, respectively. While the rock mass into which one end 

of each joint meter is fixed remains static, the contraction and expansion of the rock block 

materials into which the other end of the joint meter is attached, manifests in joint opening or 

closure as indicated by joint meter output. 

A similar behavior was monitored in the East slope of the mountain along the snake path 

cliff. Comparison to the displacement results suggests that the amplitude of displacement 

fluctuation is proportional to block width, supporting our assumption that the monitored 

displacements are thermo-elastic in origin. 

Ongoing seasonal displacement fluctuations may result in creep along discontinuities, a process 

that may cause some cohesion loss and shear strength degradation across the mobilized 

discontinuities. Naturally, during strong rain storms a temporary buildup of access pore water 

pressure in the joints could culminate in block failure, depending upon the particulars of the 

geometry in the field and the predominant failure mechanism. 

An initial development of a weather induced wedging failure mechanism is presented that 

helps explain the field monitoring results.
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Methane (CH
4
) is an important greenhouse gas. Methane production (methanogenesis) 

occurs mainly by microorganisms in anaerobic environments. The oxidation of methane 

(methanotrophy) was shown to be mainly aerobic in terrestrial environment, while in marine 

sediments it is mainly anaerobic oxidation (AOM) through sulfate in consortium of bacteria 

and archaea. 

In this study a novel hypothesis describing iron dependent AOM in the sediments of Lake 

Kinneret was investigated. This is by using geochemical approach of producing porewater 

chemical and isotope profiles, together with incubation experiments, lipid analysis and 

molecular microbiology methods, including PCR, cloning and sequencing of archaea and 

bacteria. 

The results from in-situ porewater profiles support the existence of iron dependent AOM below 

~20 cm depth. Dissolved methane shows a decrease below that depth while ferrous (Fe +2) 

shows an increase. This can indicate methane consumption by methanotrophs utilizing ferric 

oxides as the electron acceptor. Decreases in δ13C of the total lipid extraction, as well as of δ56Fe 

together with the increase δ13C CH
4
 in that zone imply the utilization of light methane and iron. 

By utilizing the isotopically light substrate an isotopically light biomass (lipids) is synthesized. 

The light ferrous is released into the pore water and the isotopically heavy dissolved methane 

is left. 

Based on these results Incubation and slurry experiments were conducted to verify and 

quantify the rate of this process and its key parameters using amorphic ferric oxide and labeled 
13C methane. The results of these experiments strengthened the novel hypothesis, and the 

obtained AOM rates were 5·10-14 mol cm-3 sec-1 (10% of the production rates). Lipid biomarkers 

analysis of the vertical sediment showed enrichment in bacterial lipids with depth. However, 

the fast sedimentation rate in the lake makes this measurement difficult to distinguish 

between the bacterial communities from the water column and from the sediment. Analysis of 

the communities’ structure and diversity of bacteria and archaea along the sediment gradients 

showed indeed the appearance of involved bacterial methanogens and methanotrophs in the 

deep sediment. This set of evidence support the hypothesis of iron dependent AOM in Lake 

Kinneret sediments. 
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Heavy clay soils are regarded as hydrologically safe, due to its low saturated hydraulic 

conductivities. This perception, it based on the assumption that there is no ground water 

recharge under such soils. However, it is known that local runoff from clays can preferentially 

infiltrate in to the subsurface via the regularly formed desiccation crack systems. The objective 

of this research was to assess the impact of desiccation cracks on flow and transport in the 

vadose zone located adjacent to an on surface unlined dairy wastewater storage lagoon. 

The study implemented two vadose-zone monitoring systems that enable measurements of 

the temporal variation of the sediment’s water content. Four years of continuous monitoring 

revealed that local runoff during high intensity rain events and overflows from the wastewater 

lagoon preferentially infiltrate through the desiccation crack systems into the deep sections 

(deeper than 10 m) of the vadose zone. The wetting fronts crossed the entire clay formation 

(6 to12 m) within hours from the runoff generation.  Such fast and deep infiltrations may 

accelerate groundwater contamination through rapid transport of contaminants through 

the vadose zone bypassing the sediment’s most bio-geo-active parts. The results suggest that 

groundwater recharge may occur under highly dispersive clay soils, hence these soils can no 

longer be regarded as hydrologically safe.
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the Oil shale deposits in Hashfela basin
Bartov Y., Vinegar H.
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The oil shale in Israel is found in the Upper Cretaceous sedimentary sequence, particularly the 

Campanian – Maastrichtian Mishash and Ghareb formations. These organic- enriched rocks 

were formed during the global anoxic event of the Upper Cretaceous. In most rocks described 

as oil shale in Israel, the main inorganic constituents are calcite (as chalk), some clay and 

phosphate. The organic matter is an immature Type IIS kerogen. At present, tens of oil shale 

occurrences have been described in Israel, with the largest one located in the subsurface of 

the Hashfela basin in central Israel. In this basin, the oil shale is at about 300 m deep and varies 

in thickness across the basin between 150 m to over 300 m. The average richness of the main 

intervals greater than 100 m thick exceeds 25 gallons/ton (15% TOC). The Hashfela oil shale 

is particularly attractive due to its stratigraphic position relative to the main hydrogeological 

units. 

The high resolution correlation between wells that were recently drilled in the basin shows 

thickness trends that indicate a shift in the basins depocenter from west to east between the 

Campanian time and the Maastrichtian time. Within the Ghareb Formation there are a few 

unconformities that clearly mark missing intervals towards the west.  

The data and the cross section also show continues units that are prominent across the basin. 

These units mark the separation between the hydrologic units and therefore are acting as seals 

between the different water bearing units. 

The richness and the thickness of the oil shale units in Hashfela area sum to an incredible 

volume of over 100 billion bbl of oil. This may provide an important energy resource for Israel 

for many years to come. 
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structure and Dynamics of the Dead sea basin
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The Dead Sea basin is a large pull-apart that formed along the Dead Sea fault continental 

transform. Almost 150 km in length, this is one of the largest pull-aparts known on Earth. The 

Dead Sea basin is divided into two sub-basins which are separated by the Lisan Peninsula — a 

large buried salt diapir. The two main strands of the Dead Sea fault in this area are the Jericho 

fault, which borders the northern sub-basin on the west and the Arava fault, which borders the 

southern sub-basin on the east. Numerous geophysical and geological studies were carried 

out in the Dead Sea basin.

Gravity data indicate a large negative anomaly, the largest in the Middle East, over the Lisan 

Peninsula and the southern sub-basin, where the main faults overlap. The gravity data also 

indicate that the basin is narrow (7–10 km), although the surface expression of the basin is 

wider at its center (about 16 km) and covers the entire width of the transform valley due to 

the presence of shallower blocks that dip towards the basin. Modeling of the gravity data has 

suggested that the southern part of the northern sub-basin has about 9 km of sedimentary fill, 

overlying a layer, about 7 km thick, of Mesozoic carbonate platform rocks. Magnetic modeling 

had suggested about 6 km of sedimentary fill overlying about 7 km of Mesozoic carbonates in 

the northern sub-basin.

In order to obtain more direct evidence on the thickness and structure of the sedimentary 

section in the Dead Sea basin, a seismic wide angle reflection/refraction profile was measured 

along the basin. The results indicate that the basement lies at a relatively shallow depth (6–8 

km) under the northern sub-basin. South of the northern sub-basin a major fault affecting 

the basement was detected. It downthrows the basement and the overlying Cretaceous and 

pre-Cretaceous sediments to the south by about 4–5 km and forms the northern boundary of 

the southern sub-basin. The faulting was followed by the deposition of over 8 km of Pliocene 

to Recent sediments resulting in a 14 km thick sequence in the northern part of the southern 

subbasin of the Dead Sea. The sedimentary basin in this area is therefore exceptionally deep 

with well defined boundary faults. It was suggested that this basin was formed as a “drop down” 

basin during early stages of the evolution of the Dead Sea fault.

It was also found that the basin is characterized by deep seismicity and very low heat flow. 

Studies of the bottom and shallow sub bottom section have yielded much information about 

faulting activity and lake level fluctuations.
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Primary loess is terrestrial eolian sediment composed mostly of silt grains and deposited directly 

from the atmosphere. As such it provides an important record for changes in dust sources, 

atmospheric circulations and glacial-interglacial cycles. Most of the Negev loess deposits found 

today were formed during the late Pleistocene. The loess in the Negev is characterized by a 

bimodal grain-size distribution with modes at 2-8 micrometer (fine silt) and 50-60 micrometer 

(coarse silt) that represent two different sources of dust. The fine silt is probably from several 

distant and local sources (Sahara, Arabia, and Sinai deserts) whereas the coarse silt is from a 

proximal source, most likely the product of eolian abrasion of the nearby active Sinai-Negev 

sand dunes.

Here we search for a geochemical signature of the distal and proximal sources of the loess in 

three OSL-dated primary loess sequences along a climatic transect: Hura village (~250 mm/yr) 

and Ramat Beka (~150 mm/yr) in the northern Negev and Mt. Harif (~100 mm/yr) in the central 

Negev. The two size fractions were separated and analyzed for major and trace elements and for 

Sr isotopic composition. The preliminary results show differences between the fine and coarse 

fractions: The fine fraction tends to be more radiogenic (87Sr/86Sr values around 0.711) than the 

coarse fraction (87Sr/86Sr values around 0.709) and closer to modern dust. Also, whereas the 

coarse fractions in all sites tend to be quite similar, the compositions of the fine fraction vary 

between sites: In Hura and Beka the compositions are similar but Mt. Harif presents a different 

composition. Its chemical-mineralogical compositions are closer to the coarse fractions and 

the isotopic composition is more radiogenic.

The results so far agree with the observation of two different sources contributing to loess in 

the Negev. Research is underway to generate a broader framework and determine possible 

provenance for the two distinct fractions.



| Israel Geological Society 2011 44

compound specific Isotope Analysis of Organic Pollutants: Recent 
Advancements Using cl Isotopes
Bernstein A.1,2, Cretnik S.1, Elsner M.1

1. Helmholtz Zentrum München, German Research Center for Environmental Health (GmbH), 

Ingolstaedter Landstr. 1, 85764 Neuherberg, Germany

2. Zuckerberg Institute for Water Research, Ben-Gurion University of the Negev, Sede Boker Campus, 

84990, Israel       

In the last decade, compound-specific isotopes analysis (CSIA) of environmental pollutants 

became an important tool for tracking natural attenuating processes in the sub-surface. It has 

been shown that trends in the isotopic composition of the target compounds can shed light 

on in-situ processes that are otherwise difficult to track. In addition, it has been shown that the 

isotopic trends can promote unique understanding of the biochemical aspects of degradation 

mechanism. 

Analytical methods for CSIA of carbon, nitrogen and hydrogen are by now frequently used for a 

variety of organic pollutants.  In the last years, different innovative concepts for on-line chlorine 

isotope analysis in chlorinated ethylenes were as well introduced. Considered as high priority 

environmental pollutants, this development was highly desired, and has opened the possibility 

to get better mechanistic insight on their degradation reactions.

Reductive dechlorination is an important degradation process of chlorinated ethylenes in 

groundwater. An important step during reductive dehlorination is the cleavage of a carbon-

chlorine atom. In the case of TCE, this cleavage eventually results in the formation of cis-

dichloroethylene (cDCE). Although this process was extensively studied in the past, different 

aspects on the mechanistic level of the reaction remained open. Specifically, it has been unclear 

whether the chlorine atom that is being cleaved during the reaction originates from a specific 

position. 

Taking into advantage the recent analytical developments in chlorine-CSIA, we aimed to study 

this mechanistic aspect of TCE degradation.  Hence, using a model system with the microbial 

isolate Geobacter lovleyi strain SZ, the results of this study suggest that non-position-specific 

chlorine is being cleaved during the reaction. Additionally, the results of this study were able 

to point out that secondary chlorine isotope effects are rather minor during this reaction (thus 

rejecting former conclusions of computational chemistry studies). Finally, a combination of the 

chlorine-CSIA results with carbon-CSIA yielded dual-isotope plots for the reaction. These plots 

are of importance for future field implementations.  
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Samples from outcrops of the Ramon basin, and from one borehole from the Kurnub basin to 

the north, were analyzed by petrographic and CL microscopy. Depositional environments were 

defined by microfacies, and stages in diagenetic history were deciphered. Ground whole-rock 

samples of the carbonates were measured for δ18O and δ13C, with control points confirmed by 

point sampling using micro-drilling. 

The Ramon outcrops reveal a consistent shallowing trend from west to east. This trend is 

indicated by the evaporite facies developed during the exposure events. Sporadic gypsum 

nodules occur in the substrate in the west, passing eastwards into a well-developed sabkha 

profile, and then to karst channels filled by gypsum in the easternmost outcrops. There also, 

new subaerial surfaces formed that are not found to the west. 

Oxygen and carbon stable isotope distribution patterns show enrichment in light isotopes of 

carbon and heavy isotopes of oxygen from east of the Ramon (shallow) to west (deep). Time 

dependent changes is carbon isotopes are not coupled with changes in oxygen isotopes. They 

do, however, show inverse correlation to the amount of clastic material within a given interval. 

This dependence is more noticeable in the subcrops. 

The model of sedimentation consistent with these observations is of a periodically stratified 

water body with periodic influx of fresh water by major runoff events, e.g., mega monsoons.  

The resulting pycnocline between a light low saline water body and a heavy hypersaline lower 

water body can result in an oxycline between the water bodies. Dysoxic or anoxic conditions 

are present in the lower water body, this may result in sulfate reducing activity in the lower 

water body indicated, in the δ13C profile of the carbonates by enrichment in light isotopes. In a 

co-eval section in a single basin, deeper parts of the basin shows lighter δ13C values relative to 

the shallow. Whoever δ18O values becomes lighter to the shallow trend due to influx of runoff, 

and higher temperatures and more effective evaporation to the in the deeper areas.
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Evaporite sequences are an important tool for paleogeographic and basin dynamic 

reconstructions due to their potentially very rapid accumulation rate and high sensitivity to 

environmental changes. The arid climate during the Late Triassic period explains the abundant 

evaporites at that time, but not their distribution. A series of multiple small evaporite basins 

related to the initial stages of the structural genesis of the Levant region emerges out of 

detailed examination of the evaporite-bearing part of the Mohilla Fm in the Negev. 

Samples from Mohilla Fm. outcrops of the Ramon basin, and from one borehole from the 

Kurnub basin to the north, were analyzed by petrographic and CL microscopy. Depositional 

environments defined by microfacies and stages of diagenetic history were deciphered. 

Ground whole-rock samples of the carbonates were measured for δ18O and δ13C, with control 

points confirmed by point sampling using micro-drilling. 

Both evaporite basins were bounded on one side by a large normal fault, explaining the 

probable origin of accommodation space. Other similar basin-bounding faults of the same 

system explain origin of sills or barriers needed to explain restriction of circulation and 

evaporite accumulation in other small basins, in a broader sense they can be invoked regionally 

to explain the epicontinental facies. Observed faults today tend to be high-angle reverse faults, 

as the tensional regime became reversed to compressional later in the Mesozoic.

Late Triassic successions in each basin have lateral and vertical changes in shallowing trend 

evidenced by detail in the evaporite facies and by stable isotopes signatures. Key events in 

the history of each basin include shallowing with exposure events, karst channels and syn-

sedimentary faults, and development of the evaporite facies into sabkha and salina profiles.

These epicontinental-evaporitic small subsiding basins are hands-on rock-based evidence of 

sedimentary response to the Levant basin rifting phase.
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Detailed level changes of the Dead sea
Bodzin R., Lensky N.G.
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The Dead Sea water level fluctuates in time based on the water balance and dynamics.  Water 

balance parameters include evaporation, inflows, salt precipitation, and industrial water 

contributions.  Dynamic parameters include currents, tides, and wind.  The Dead Sea declines at 

approximately 1.1 m/year, but superimposed on this general trend are short period fluctuations.  

Our aim is to quantify and characterize the short period fluctuations as well as to observe level 

differences between sites. 

Four deployments of level meters (based on pressure) were conducted along the western 

coast of the Dead Sea over a span of 9 months. Each deployment period was approximately 

two weeks long with a sampling period of 45 seconds.  

The data processing flow for each deployment comprised of:

1. Air correction to remove the effect of air pressure on water level.

2. Calculating the general slope of water level decline over the deployment period (reflecting 

the water balance).

3. Smoothing the noisy signal with a weighted moving average to remove wave fluctuations 

and to resolve daily fluctuations.  The smoothing allows comparison of levels between the 

different sites. 

4. Stacking 24 hour periods to amplify and investigate daily fluctuations at each site.

The recorded level amplitude reached up to 60 cm within the sampling interval, reflecting 

the coastal waves. After applying the moving average to the time series, a signal of a few 

centimeters was found in a time interval of one hour or more. From daily stacking we found 

that there is a clear diurnal pattern that is similar at all sites for each deployment period. The 

diurnal pattern was found to vary significantly with season.
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Talus flatiron sequences are ubiquitous landforms in arid and semi-arid regions characterized 

by horizontal erodible rocks capped by more resistant rocks. Alternating phases of deposition 

and erosion lead to the formation of generations of talus flatirons in which ancient ones are 

located farther from the source cliff. The most acceptable conceptual model of this systematic 

spatial distribution of talus flatirons is related to glacial-interglacial climatic cycles and 

to relatively high rates of cliff retreat. Catenary soil relationships in the Negev desert along 

different generations of talus flatiron do not support this model and triggered the present 

study. Three groups of talus flatirons were analyzed around Tzuk Tamrur and Giva`t Zeron in the 

northeastern hyperarid Negev Desert. The analyses include mapping, sedimentological and 

soil analyses, and age determination using optically stimulated luminescence and cosmogenic 

nuclide exposure dating. Concentrations of cosmogenic nuclides were used for exposure age 

dating of the oldest and intermediate-aged talus flatiron groups, to estimate short and long 

term rate of cliff retreat, and to calculate sediment transport rate. The cosmogenic nuclide 

analysis include sampling of amalgamated clasts (n ~ 30) collected from various locations 

above the talus flatiron apex and from depth profiles in trenches excavated in the taluses to 

the bedrock. Exposure ages and the cosmogenic inherited component for each depositional 

event for the different talus groups were determined using a numerical model. 

Soil analysis results show that all talus flatirons are characterized by gypsic-salic catena 

typical to hyperarid climate (<80 mm yr-1). Topographic profile reconstructions suggest 

minor cliff retreat since talus flatiron formation. Four deposition events were recognized in 

the intermediate-aged talus and at least two in the oldest talus. The numerical model results 

suggest that all talus groups were deposited during the middle Pleistocene, ~ 170 and 500 ka 

for the uppermost and lowermost depositional events in the intermediate-aged talus flatiron 

group and ~ 610 ka for the uppermost depositional event of the oldest talus flatiron group. 

These ages, combined with the present location of the talus flatirons relative to the source 
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cliff yield retreat rates, in opposite directions, of 6–12 m Ma-1 and ~ 200 m Ma-1 for the bedrock 

cliff and talus flatiron apex, respectively. Our results show that (a) glacial-interglacial climatic 

changes are not the main control over the formation of talus flatiron generations, (b) talus 

apex retreat rather than significant cliff retreat is the main cause for the systematic spatial 

distribution of talus flatirons generations relative to the cliff, (c) the evolution of the talus group 

involve several depositional events and (d) sediment transport rate on the talus slope is slow 

and decreases down slope.
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En boqeq spring - 15 years of contamination
Burg A.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

En Boqeq is a small spring (0.43 MCM/year on the average) located in the south-eastern margins 

of the Judean Desert. The spring is the only natural outlet of the vast Judea Group aquifer in the 

area. Till 1994 the salinity of the spring waters was stable at 500-520 mg-Cl/L, but since than it 

has been rising, reaching salinity of 3,200 mg-Cl/L at the beginning of 2011. The rate of salinity 

increase is currently as high as few tens of mg-Cl/L per month. The rise in the Cl concentration 

is accompanied by increase in concentrations of almost all other major components, except for 

SO4, NO3 and SiO2. 

The salinity rise is the result of recharge to the aquifer of effluents from Mishor Rotem industry, 

which is located 20 km south west of the spring. The average salinity of the effluents was 

evaluated to be at least 40,000 mg-Cl/L, while their composition resembles that of Ca-Cl and 

Na-Cl brines, thus rich mainly in Cl, Na, Ca and Br. 

The contamination of the aquifer was first identified in 1995 in Efe-13 well, which is located 

between Mishor Rotem and the spring. The Judea Group water from this region was known to 

have natural salinity of about 500 mg-Cl/L, whereas in Efe-13 the salinity was found to be 5,500 

mg-Cl/L. In 1999 the salinity in the well increased to above 8,000 mg-Cl/L, i.e. 16 times more 

than its uncontaminated value. Since 1999 no data is available from the well. 

The continuous salinity rise in the spring water is accompanied by decrease in the ratios of Na/Cl, 

SO4/Cl, Cl/Br, Mg/Ca and increase in Ca/HCO3. These changes in composition are in agreement 

with mixing between the natural uncontaminated water and the industrial effluents as well as 

with the values measured in Efe-13 well during the 90’s.

Given the increasing rate of salinity rise in En Boqeq and the evaluated salinity of the effluents 

(40,000 mg-Cl/L), the rise in the salinity of the water is not expected to stop any time soon. In 

order to estimate the extend of the contamination of the aquifer and provide forecast to the 

future composition of the spring waters it is essential to open and resample the water in Efe-13 

well. Furthermore, pumping of the contaminated water from this well can stop the spreading 

of the contamination in the aquifer and lower its salinity as well as of its only natural outlet - En 

Boqeq spring.
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Hydraulic parameters of the oil shale section in the hashfela basin
Burg A.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

Oil Shales in Israel are found in certain intervals of the Upper Cretaceous sedimentary sequence, 

particularly in the Mishash and Ghareb Formations. The largest deposit in Israel is located in the 

subsurface of the Hashfela basin in central Israel. In this basin the top of the oil shale section 

appears at a depth of about 300 m and its thickness varies between 150 to over 300 m. The 

organic rich zone is limited to the section above the thin chert layer (the Chert Tongue), which 

is found in the middle of the Mishash Formation. 

Drilling aimed to the oil shale section was performed in the Hashfela Basin by IEI, two boreholes 

were drilled in a site near Kibbutz Beit Guvrin (8 m apart) and one near Moshav Aderet. In 

both sites continuous cores were taken for multi disciplinary research, and electrical logs were 

lowered in order to obtain additional data on the section (for example: lithology correlations, 

porosity and water quality). Pumping tests were performed in order to calculate hydraulic 

parameters, and water table depths were measured continuously. 

The results of the pumping tests (drawdown after water introduction and recovery after air-lift 

pumping) in the three boreholes show that the oil shale section has extremely low hydraulic 

conductivity, in the order of 10-10 - 10-11 m/sec (slug test solution), As such, the section can 

be classified as an aquiclud. Moreover, different water table depth in the two boreholes in Beit 

Guvrin site, as well as the turning over in the trend of water table change in time in one of them, 

show the existence of at least two disconnected hydrogeological units in the tested section. 

Extremely low vertical conductivity, which prevents massive seepage to deeper layers, is thus 

concluded. No interference was detected between the two boreholes in Beit Guvrin site even 

though they share 36 m of oil shale section. 

Water salinity, based on the electrical logs, is at least a few thousands mg-Cl/L - much above 

the measured salinity in the Judea Group aquifer which is located 100-200 m below the oil 

shale section. High salinity - 6,700 mg-Cl/L, was already encountered in this section in one well 

in the Hashfela Basin (Nehusha 1a well). The karstic carbonate Judea Group aquifer below is 

disconnected hydraulically from the oil shale section by a massive chalky section (Menucha 

Formation and the lower part of the Mishash Formation) which also confines the aquifer 

(confinement being up to several tens of atmospheres). 
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sub-annual changes in the hydrology of a semi-arid climate system 
as recorded by present-day rainwater, cave water and speleothems 
of the soreq cave
Burstyn Y.1,2, Bar-Matthews M.2, Ayalon A.2, Matthews A.1

1. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel

2. Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

Most speleothem-based proxy studies from semi-arid climates are unable to provide seasonal 

information because of the limited spatial resolution of conventional drill-sampling techniques. 

Laser ablation and ion-microprobe techniques offer a new opportunity to reconstruct climate 

changes at the scale of sub-annual variations. However, to correctly interpret trace element and 

isotopic data from these high resolution techniques, we first need to calibrate the present-day 

hydrological system by examining the seasonal relationships between rainfall, soil, host rocks, 

cave water and recent speleothems. 

We have established a high resolution sampling strategy for the Soreq Cave rain and cave 

waters, by monthly and weekly collection, depending on the climate conditions, together with 

harvesting modern calcite on etched glass and sampling modern precipitate. This allows us to 

understand the present-day hydrological system during years with average rainfall amounts, 

years with above average amounts, and most recently, years with below average rainfall. 

In parallel, we have examined the feasibility of studying micron-scale (sub-annual temporal 

resolution) trace element abundances using laser ablation and oxygen isotopic composition 

using ion microprobe techniques (the latter is done in collaboration with the University of 

Wisconsin) on modern speleothems and comparing them with rain and cave water chemistry. 

Such high resolution trace element and oxygen isotopic study on a stalagmite that grew 

during 1990-2008 reveal a clear correlation with variations in drip water oxygen isotopic 

composition (Orland et al., 2009) and trace element concentrations. Both drip water and the 

speleothems record the extreme wet year of 1991-1992 (1000mm annual rainfall) associated 

with the Pinatubo eruption, the severe drought of 1998-99 with ~200 mm annual rainfall, the 

2002-03 el-Nino year (800 mm), and the continuous droughts ever since. 

This calibration study enables us to determine two end members associated with extreme 

wet and dry climate conditions. During wetter conditions cave water (unsaturated zone water) 

oxygen isotopic compositions range between -3 and -6 [permil SMOW], and average Mg/Ca 

and Sr/Ca ratio are about 1 but with large seasonal variations. During extreme dry conditions, 

the oxygen isotopic composition of the cave water stabilizes at about -3[permil SMOW] and 

Mg/Ca and Sr/Ca ratios are mostly greater than 1, but with smaller seasonal variations. These 

variations are transmitted to the speleothems and can be detected by the high resolution 

analytical techniques.

The relations between rain and cave waters and speleothem deposited in the present-day 

system provide a base-line calibration of seasonal variations for a variety of rainfall conditions 

and serve as a basis for detailed paleoclimate studies at a sub-annual scale in the future. 

Orland et al., (2009) Quaternary Research 71, 27–35.
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sinkholes in the Dead sea basin - A synthesis of our Knowledge
Charrach J.

Dead Sea Works

The formation of sinkholes in the Dead Sea basin has been researched by several groups, both 

in Israel and Jordan.  Various hypotheses have been proposed.  This review will attempt to 

compile the evidence and try to propose a unified working model that might fit the evidence.  

Sinkholes are located along the eastern and western margins of the southern and northern 

basins, and within the Lynch Straits.  In the Northern basin the brine level is dropping, while 

in the Southern basin the brine levels are rising over time.   The location of the sinkholes have 

been mapped and found to follow linear zones, which in subsurface, these zones were defined 

as major active geological faults.  There is a horizon of primary salt deposited been 11,500 

– 9,000 yr BP that covers the area of the sink holes.  This salt is massive, with very low porosity 

and hence low permeability, and is therefore an aquiclude.  There are two aquifers that drain 

into the western Dead Sea basin, the Cenomanian, which is phreatic and oxygenated and the 

Lower Cretaceous which is hot (up to 42ºC) and charged with hydrogen sulphide and iron.   The 

Cenomanian aquifer flows parallel to the shore line.  With a continued lowering of the Dead 

Sea, one would expect that advancement of the sinkholes would follow the Dead Sea level.  

This does not occur.  Instead there is hot, hydrogen sulphide, iron rich waters in the sinkholes, 

indicating a deep source for the dissolving water.  The water will pass under pressure, through 

the fractured salt in the fault zones, dissolving the salt and producing voids over a 9000 year 

period.  The voids collapse will depend on their size and geomechanical properties of the 

overlying sediments.    With temperate of the water reaching 42ºC, the water pressures could 

be greater than 10 atmospheres at source, providing a driving head for the flushing of fine 

sediments into the Dead Sea or the evaporation pans.  The removal of the fine sediments can 

cause piping and a further source of collapse.
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the Archaeology of the Hutton sands at canteen Kopje, 
south Africa: A case of Dating Archaeological Assemblages in 
structureless sands
Chazan M.1, Porat N.2

1. Department of Anthropology, University of Toronto, Toronto, Canada 

2. Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

OSL dating of sand dunes has come to play an important role in reconstructing the climate 

history of Subsaharan Africa (Stone and Thomas 2008).  However, due to sediment mobility, 

largely as a result of bioturbation, there is need for caution in using OSL ages in unstructured 

sand deposits.  These problems become more significant when one is trying to date not only 

periods of sediment accumulation but also buried archaeological assemblages (Bateman et 

al. 2007).  This paper presents the results of an excavation in the Hutton Sands at the site of 

Canteen Kopje, South Africa.  This excavation produced evidence of two distinct archaeological 

components, one that appears to date to the 19th century and one from either the late Middle 

Stone Age or the early Later Stone Age.  A sequence of OSL determinations from a 3 m. deep 

profile produces 6 ages ranging up to ca. 120 kyr, with all ages in stratigraphic order.  This 

OSL sequence is in good agreement with ages from a nearby profile produced by a diamond 

mining trench.  However, measurement of multiple aliquots shows a high error for each sample 

consistent with significant bioturbation.  As a result the OSL dates cannot be used to provide 

precise ages of the archaeological occupations.  This project points to the need to develop 

methods for improving the resolution of age determinations in structureless sands both for 

paleoclimate research and also for the dating of buried open-air archaeological assemblages.

References:
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palaeoenvironmental record in Drylands: Bioturbation and its significance for luminescence-
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A comparison of the uninterrupted historical flow regime with the 
contemporary flow of the Lower Jordan River
Chen A.1, Weisbrod N.1, Lipchin C.2

1. Department of Environmental Hydrology & Microbiology, Zuckerberg Institute for Water Research, 

Jacob Blaustein Institutes for Desert Research, Ben-Gurion University of the Negev, Sede Boker Campus 

84990, Israel

2. The Arava Institute for Environmental Studies  D.N. Hevel Eilot 88840, Isarel       

The escalation in hydrological alternation of rivers on a global scale, causing environmental 

degradation, initiated the establishment of the Environmental Flow Assessment (EFA) science 

where the quality and quantity of water required for ecosystem conservation is determined 

and taken into consideration. Environmental Flow Requirements (EFRs) is a compromise 

between human development plans exploiting the ecosystem’s resources and aquatic system 

maintenance.

 The Lower Jordan River Basin (LJRB) has gone through a massive process of exploiting of its 

water resources since the inauguration of the Israeli national water carrier and the Jordanian 

east Gohr canal in 1964. Out of 590 MCM/yr of fresh water which was the original outflow of 

the Lower Jordan River (LJR) from the Sea of Galilee, only about 40 MCM/yr of mostly saline 

water and wastewater currently continue into the LJRB. Out of 460 MCM/yr of fresh water, only 

50-80 MCM/yr still flows from the Yarmouk River into the LJRB. These diversions and stream 

regulations have drastically affected the LJR’s natural flow regime and have decreased its 

temporal and spatial flow variability.

 Since the structure and function of every river is determined by temporal and spatial variability 

of flow, it is important to find out the historical flow regime of the LJR before its basin was 

“closed” due to massive water diversions and regulation. 

 In this research a comparison of pre-impacted historical with contemporary flow regime of the 

LJR was conducted. River flow was measured within the time periods of 1925-1948 and 1982-

2010 at different scales, such as: daily, monthly, seasonally, yearly and longer. Emphasis was 

given to: 1 differences in magnitudes of flow - seasonality of base flows, extreme flow events 

(floods and droughts), (2) frequency, duration and timing of extreme flow events, and (3) rate 

of change in flow amplitude. These components can be used to measure human impacts, and 

indicate hydrological alternation of the LJR.

 The results obtained using IHA (indicators of Hydrologic Alternation) software, show significant 

changes in rates of base flows, frequency and magnitude of extreme flow events, rise and fall 

flow amplitude rates, and amounts of reversals in flow magnitude. Mitigating these differences, 

through applying restoration measures will be further discussed.
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biofilm development and degradation on different media in the 
subsurface
Cohen M.1, Weisbrod N.1, Ronen Z.1, Adar E.1, Hertzberg M.2

1. Department of Environmental Hydrology & Microbiology, Zuckerberg Institute for Water Research, 

Blaustein Institutes for Desert Research, Ben-Gurion University of the Negev, Sede Boker Campus 84990, 

Israel
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The process of microbial attachment to surfaces and subsequent biofilm formation, depend 

on environmental/cellular conditions as well as the surface characteristics. Biofilm can affect 

both chemical (water chemistry) nature and physical properties (clogging) of the subsurface. 

We hypothesize that providing appropriate surface for microbial colonization in highly porous 

drainage system collecting contaminated groundwater, will increase the degradation of the 

passing organic pollutants   

 Experiments were preformed with gray and white chalk (forming the natural rock at the 

Northern Negev), granular activated carbon, sand, pure silica and gravel (used in a drainage 

system) served as carriers for this purpose. Biomass was measured directly by observing the 

different carries with confocal laser microscopy. In situ incubations took place in contaminated 

shafts at field sites of different levels of contamination.

All carriers exhibited initial development of biomass followed by a reduction in biomass 

with time during both in situ and laboratory incubations.  Sand and white chalk generally 

showed initial high magnitude of biomass accumulation. Nevertheless, after initial growth, 

biomass decreased dramatically over time. Silica initially showed more biomass development 

than other carriers but no significant higher magnitude of biomass towards the end of the 

experiment. Activated carbon supported a relative high magnitude of biomass mostly in more 

contaminated environments and gray chalk generally did not support much biomass. Gravel, 

tested separately, also provided good conditions for biofilm development concurrently with 

degradation of organic compounds. 

Contaminants removal, tested in the lab, was highest with activated carbon based carriers.  Long 

incubation period (all carriers were incubated for over a year), suggests that the mechanisms 

of organics removal with activated carbon is both sorption and biodegradation. The mineral 

carriers, with insignificant sorption, were much less effective but exhibit as well organics removal. 

The results from the field incubations, point on general larger accumulation of biomass in 

the less contaminated environment with formation of biofilm mostly on the mineral based 

carriers. At the more contaminated environments activated carbon was most efficient in terms 

of biomass extent and degradation.
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contrasting gusty, intensified winds vs. aridity during glacial times 
in forming loess at desert margins of the low-mid latitudes
Crouvi O.1,2, Enzel Y.1, Amit R.2, Gillespie A.3
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Loess accretion in deserts is usually attributed to glacial times. During interglacial (e.g., the 

Holocene) loess deposition rates worldwide at all latitudes are much lower. However, this 

glacial-interglacial difference in desert loess formation is yet unresolved. All late Pleistocene 

loess accretion zones around the subtropical deserts (e.g., Sahara, Sinai-Negev, Arabia) without 

exception are situated downwind and adjacent to sand seas. The mineralogy of the loess 

and the upwind sand dunes is similar. Erg activity and loess accretion are contemporaneous. 

Grain-size modes of loess decrease systematically with distance from ergs. These and other 

observations indicate that sand dunes were important primary sources for desert loess through 

intensified abrasion of sand grains. Intense windy episodes in low to mid-latitudes could have 

(a) mobilized these dune fields and (b) forcefully abraded sand into silts. Thus, the common 

causation underlying dune activity/loess deposition must be winds with sufficient strength. 

Neither increased aridity at the source nor increased precipitation at the sink (nor both) can 

dominate both the coupled silty dust supply and loess deposition, as previously suggested. 

Both conditions are ubiquitous today in desert margins, but loess is not accreted: e.g., (a) How 

much can aridity increase in the already extremely dry (5-25 mm yr-1) proposed source areas? 

(b) Rainfall gradients if needed at desert margins for depositing loess exist also today, but loess 

accretion downwind is insignificant today. The main change and missing component must be 

in wind strength and persistency. Under modern sufficiently arid conditions, wind data and 

drift analyses indicate that the loess zones are downwind of dunes even today, insufficient 

wind is the limiting factor. During glacial times of expanded high-latitude ice sheets, increased 

atmospheric pressure gradients assisted by intensifying upper atmospheric jets resulted in 

frequent vigorous surface winds in lower mid latitudes where dune fields were much more 

active. Thus, glacialtion at high latitudes indirectly intensified wind, dune activity, and loess 

deposition in the world’s deserts margins. Therefore, the associations of sand fields- loess zones 

testify to vigorous windy climates.
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constant concentrations of cosmogenic nuclides in quartz supplied 
from the Nile River during the past 2.5 Ma and implications for 
burial dating of sands along the coastal plain of Israel
Davis M.1, Matmon A.1, Fink D.2, Rood D.3
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Quartz grains which compose the coastal sand dunes of Israel are supplied through an extensive 

transport system which includes the Nile River, the east Mediterranean longshore currents, and 

inland sand transport. Cosmogenic radionuclide concentrations (26Al, 10Be) in samples collected 

from modern and ancient sands along the coastal plain show a simple decay trend extending 

over the last 2.5 Ma. The results imply steady pre-burial concentrations of cosmogenic nuclides 

which are related to the potential of the Nile River to buffer the effects of climatic and tectonic 

perturbations on cosmogenic nuclide concentrations in the transported quartz by means of 

sediment storage and recycling. The observed decay trend in the cosmogenic nuclides serves 

as a calibrated dating tool for coastal plain sands and burial ages that are obtained from this 

trend are consistent with known stratgraphic constraints. Samples from Tel-Sheruhen, a well 

studied Plio-Pliestocene section in the north western Negev, yield burial ages ranging between 

2.46±0.36 Ma (bottom section) and 1.89±0.6 Ma (mid section). The base of the section and 

a sample from a quarry in Kefar Menachem at the eastern limit of the aolianites, both yield 

ages of ~2.5 Ma. These samples which represent the beginning of major sand incursions into 

the coastal plain are coeval with the onset of northern hemisphere glaciations. Cosmogenic 

nuclide concentrations in samples from modern beach sands and from a last glacial aolianite 

are consistent with each other and display 26Al/10Be ratios lower than those expected for 

surface sediments which are derived from the steady erosion of a close bedrock source. These 

depressed ratios are a result of the long and complicated Nile River transport system where 

quartz grains spend part of their time buried and shielded from cosmic rays.
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What affects isotopic compositions in precipitation – new 
interpretation?
Dody A.

Nuclear Research Center - Negev, P.O. Box 9001, Beer-Sheva 84190, Israel       

Rainfall events were sampled in high resolution for isotopic composition during four rainy 

seasons in the Central Negev of Israel. Each sample is equivalent to 1-2 mm of rain. High 

variability in the isotopic compositions was found during each storm. Two modes of isotopic 

distribution were found. The first is a wave shaped distribution, where isotopic compositions 

showed graded changes from enriched to depleted and vice versa. The second mode is that 

each rain cell displayed a constant δ18O value, but varied greatly from the other rain cells. In 

a given storm and given area, none one of the following: temperature, elevation, amount, 

latitude, continentality, SST, RH can explain this observation can explained the high variability 

in the isotopic composition during a given storm. New interpretation suggests that during the 

trajectory of the synoptic system three processes can be occurred. The first process is complete 

blending among the rain cells. The second is partial isotopic mixing between the rain cells.  

Finally the third case is when each rain cell maintains its own isotopic values separate from 

the other rain cells. The third case of no mixing showed unexpected results due to the high 

air turbulence vertically and horizontally. We found no evidence of complete mixing among 

the rain cells of identical synoptic systems. We think that the processes in the synoptic system 

itself suggested here, is a new way to explain the changes in the isotopic composition during 

the rain. Rain cells normally have depleted δ18O values in the center and relatively enriched 

values at the edges. There was no apparent correlation between rainfall intensities and isotopic 

compositions.



| Israel Geological Society 2011 60

Rehabilitation of open pit mines into a geo-park an eco-
geomorphological approach - concept and methods from makhtesh 
Ramon in the Negev desert
Drori B. 

Nature and Parks Authority, Ha Avot 19, Beer-Sheva, Israel. 

Rehabilitating arid ecosystems is a difficult and complex task due to their unique characteristics. 

The main limiting factor is water, as precipitation is scarce, unpredictable in time and space, and 

occurs in pulses (Noy-Meir, 1973). Due to their low productivity and slow succession rates, arid 

ecosystems are characterized by low stability and limited ability of the system to recover from 

disturbance (Boiling and Walker, 2000). 

During the last 15 years, the Nature and Parks Authority (NPA) has led rehabilitation and 

restoration projects in the Negev desert. The Makhtesh Ramon Open Pit Mines Rehabilitation 

Project is the climax of these projects. The area covers about 1.8 km2, requiring the mobilizing 

of 1,500,000 cubic meters of deposit soil in order to reconstruct the ecosystem.

In attempting the rehabilitation of this area, we assume that stabilizing the physical structure 

of the system at different spatial scales, together with improving accumulation of water, will 

restore the conditions necessary for supporting the local fauna and flora, enabling them to 

reestablish in the ecosystem matrix, and to accelerate succession processes.

We assumed that surface roughness is the key element for achieving the goal of a stable 

arid ecosystem that contains a diversity of micro-habitats as similar to the original habitats 

as possible, while enhancing productivity as well as patch types. If implemented correctly, 

restoration of surface roughness enables resisting the unpredictable precipitation (Idowu et 

al., 2002), decreases soil erosion (Lane et al., 1988), delays and accumulates water in the system 

and thus increases the water potential within the soil (Romkens et al., 2001). Roughness of 

the soil surface increases the probability of airborne seeds to land within the system and the 

amount of sink patches of water (Katra et al., 2008). The effect of surface roughness enables 

succession processes to occur within the rehabilitated area while improving the water regime 

and maximizing productivity during the first several years after rehabilitation.

We have implemented the surface roughness at different scales, plot (placement of stones), 

field (pitting), basin and landscape (topography). After a single rainy season, treated areas were 

visibly different from untreated areas, supporting a richer plant community and higher level of 

primary productivity.  
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In addition, the rehabilitated area will become a geological park that will attract the public 

and reduce the numbers of visitors in the surrounding natural ecosystems. The quaries have 

reviled unique geological phenomena, that are preserved and emphasized, with an intention 

to present them to the public within the national park.
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Quantifying hillslopes soil erosion and morphological changes in 
streams using tLs in the sharon Region
Egozi R., Awieenat S.

The Soil Erosion Research Station, Rupin, Emek-Hefer 40250, Israel       

Israel’s coastal watersheds are characterized by mixed land uses including: urban, agriculture, 

and industrial uses. One such example is Nahal Poleg watershed, which has an area of 

approximately 120 km2. Using aerial photography and satellite imagery we are able to identify 

anthropogenic pressure on the land, such as urban sprawl, and cultivating of natural open 

areas. Over the last decade the urban area and the cultivated area (row crops) have increased 

by 5% each. The increases of impermeable areas result in shorter concentration times and 

larger volumes of runoff water. In addition the sandy loam soils in row crops such as potatoes 

and carrots are left crumbled and bare during the first rain events of the season (autumn), 

which are typically convective in nature and thus have high rainfall intensities. The coupling 

effect of these land use and land cover changes is large amount of sediment supplies into the 

channel network. 

While the fine material (clay and silt size fractions) is transported in suspension large amounts 

of well sorted sand are transported as bedload. While the banks of the river remain cohesive 

and overall stable the river bed is aggrading with sand bed deposits ranging between 0.2 and 

more than 1 m. The incised channels have been mutant into sand bed conduits.  

Using TLS to quantify and understand the spatiotemporal dynamics of the changes in sediment 

and channel morphology is demonstrated in this talk. 
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Landslide dynamics modelling by macroscopic two-phase DEM
Eisermann A. S.1,2, Marco W.2, Uwe N.2, Rothmund S.2, Joswig M.2

1. Department of Geophysics and Planetary Sciences, Tel Aviv University, Tel Aviv 69978, Israel

2. University  of Stuttgart, Germany     

Landslides are geological phenomena that include a wide range of ground movements as 

deep slope failures or debris- and mud flows, as in the chosen case study Super-Sauze mud 

slide (France).

Nanoseismic events, which are be recorded on surface give indication of the subsurface 

dynamics and the slopes general dynamic regime. To understand the correlation between 

signals and underlying processes numerical modelling can be used in bringing to light the 

‘hidden’ properties and dynamics of the slope. Further the  hazard extent can be estimated.

The chosen method bases on the Stress based Discrete Element Method which, using a 

macroscopic parameterization, suits well for large deformations and describing shear zone 

formations that follow the soil behaviour observed macroscopically in nature. Coupled with 

Smoothed Particle Hydrodynamics for the fluid phase important information like pore water 

pressure can be obtained and introduced into the soil model. Being discrete numerical 

methods, this provides a computationally straightforward scheme for simulating the complex 

and highly non-linear behaviour of granular rocks and soils that is being upscaled now from 

the laboratory- to the slope scale. 

A wide range of field data provides important input properties, as aerial photographies from 

different points in time, which allow to extract the topological information (DEM’s) of surface, 

and for younger mud flows also of bedrock, as well as surface deformation and velocity fields; 

Therefore these are used for generating the model’s initial state, velocity assimilator during the 

model run as well as accuracy measure.
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Holocene Zevulun Plain Wetlands: Evolution And Implications
Elyashiv H.1, Sivan D.2, Bookman R.1, Zviely D.3

1. The Dr. Moses Strauss Department of Marine Geosciences, Haifa University, Mt. Carmel, Haifa 31905, 

Israel

2. The Department of Maritime Civilizations, Leon H. Charney School of Marine Sciences, University of 

Haifa, Mount Carmel, Haifa, 31905, Israel 

3. Recanati Institute for Maritime Studies, University of Haifa, Haifa 31905, Israel       

Holocene organic-rich clay units identified in previous studies in coastal sequences along the 

Israeli coast, represent wetland conditions.  In the current research a high resolution study is 

carried out, aiming to reconstruct the evolution and processes responsible for the organic-

rich clay units in Zevulun Plain, the spatial distribution of the wetland phenomena and their  

to human settlement. The organic-rich clay units were identified in a series of drilling cores 

along a curved north-south transect in Zevulun plain, Three cores from the north and south 

of Zevulun plain were sampled and characterized combining sedimentological, geochemical 

and faunal analysis. The chronology and stratigraphic relationships are based on core logs data 

collected as part of the research, as well radiocarbon and luminescence dating. 

According to the stratigraphic analysis two distinct wetlands existed in the Zevulun Plain area 

during the Holocene. The differences in organic content, the faunal assemblage and its state 

of preservation, and the sedimentological composition along the wetland units point out to 

different prevailing conditions in the distinct wetlands. Preliminary results also suggest that 

the wetland systems were not synchronized in time.

The identified northern wetland area is adjusent to the current Na’aman River whereas the 

southern wetland is close to the current Qishon river. These locations imply an association of 

the wetlands to different hydrological systems probably during different periods. In addition, 

the spatial distribution of the wetlands phenomena and their  to human settlement is studied 

in the current research.
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sand seas as mega grinders of sand to finer grains: Latest 
Pleistocene intensified winds and sand abrasion in the  
sinai–Negev
Enzel Y.1, Amit R.2, Crouvi O.1,2, Porat N.2

1. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel

2. Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

Our research results from the edge of the Sinai-Negev erg indicate that ergs are mega-grinders 

of sand into very fine sand and silt under gusty and windy late Quaternary climates and in 

ancient aeolian deserts environments. In the carbonate terrain of the northern Sinai-Negev 

desert, only sand abrasion in an active erg agrees with field and laboratory observations and is 

therefore, the major source for the large quantities of quartzo-feldspathic silts constituting the 

late Quaternary northwestern Negev loess. 

In the continuum of source to sink, i.e. from sand of dunes (mostly medium to minor amount 

fine sand) to the silts in loess, the very fine (v-f ) sand is unaccounted for in the record. In the 

current research we focus on and demonstrate that as predicted by experiments, abrasion 

by fast advancing dunes generated large quantities of v-f sand (60-110μm) deposited within 

the dune field and in close proximity downwind. This v-f sand is absent from the particle size 

distribution of the dunes and must have been generated 13-11 ka, possibly under gusty winds 

and sand/dust storms during the Younger Dryas in the southeastern Mediterranean latitudes 

of northern Sinai, at the same time north-central Israel could have been wetter, under the same 

frequent occurrences of eastern Mediterranean cyclones traveling due east. These v-f sands 

filled small basins that were formed by the fast(?) advancing blocking dunes under these 

same winds, elsewhere, outside these sampling basins it is difficult to identify these sands as a 

distinct product that point to a very windy episode. 
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the Dead sea hazard: geophysical assessment of salt sinkholes 
hazard in Israel
Ezersky M.1, Frumkin A.2, Keydar S.1, Eppelbaum L.3, Levi E.1, Medvedev B.1
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Institute of Israel, P.O.Box 182, Lod 71100, Israel
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A geophysical approach is presented for analyzing processes of subsurface salt dissolution 

and associated sinkhole hazard in the Dead Sea. The implemented methods include Seismic 

Refraction (SRFR), Seismic Reflection (SRFL) and Diffraction (SDF) methods, Transient 

Electromagnetic method (TEM), Electric Resistivity Tomography (ERT), and Ground Penetration 

Radar (GPR). The combination of these methods allows the detection of the faults and other 

scattering objects in the subsurface, delineation of the salt layer boundaries, estimating its 

porosity distribution, finding caves within the salt layer, and identifying deformations in the 

overlying sediments. The geophysical methodology has been recently modified in framework 

of the International Project sponsored by MERC program (USAID). 

The zero-offset Common Shot Point (CSP) stacking and diffraction imaging method were 

rewritten using a weighted multipath summation technique. The diffraction method serves as 

a tool for detection of faults and voids, while the CSP stacking contains information about the 

structure of the subsurface. 

Knowing the salt layer interface location we can separate the study of salt and no-salt areas. It 

allowed avoiding of 3D effects near the salt – aquifer border. In such interpretation TEM method 

allows the fast spacious mapping of the bulk resistivity through great areas. The resistivity is 

interpreted in terms of groundwater salinity based on resistivity-salinity calibrations generated 

for the DS region. New methodology allows also 2D and 3D presentation of acquired results 

although the methodology itself of data acquisition is 1D in its origin. 

GPR method permits the detailed detection of subsurface deformations preceding collapse of 

surface, a long time before it will happen.   

This approach is shown to be useful for anticipating the occurrence of specific sinkholes, as 

demonstrated on both shores of the Dead Sea. These sinkholes at present are observed mainly 

along the edge of a salt layer deposited during the latest Pleistocene, when Lake Lisan receded 

to later become the Dead Sea. This salt layer is dissolved by aggressive water flowing from 

adjacent and underlying aquifers which drain to the Dead Sea. This process is accelerating today 

due to the rapid fall of Dead Sea levels during the last thirty years, caused by anthropogenic 

use of its water. 

The geophysical methodology was applied to study the Shalem-2 area. Results will be discussed 

during the presentation.
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Advanced Laser scanning Analysis for Extraction of Displaced 
Geomorphic Units – the carmel Fault case study
Filin S.1, Morik S.1, Marco S.2

1. Mapping and Geo-Information Engineering, Technion - Israel Institute of Technology, Haifa 32000, 

Israel

2. Dep. of Geophysics and Planetary Sciences, Tel-Aviv University, Tel-Aviv 69978, Israel

The Carmel Fault, an active NW-striking fault, arguably a branch of the Dead Sea Fault, exhibits 

unequivocal characteristics of recent activity in its steep ~400-m-high escarpment, sinistrally 

offset streams, and microseismicity. Hence, we classify the Carmel Fault as a capable fault, which 

is contributing to NS extension of the Galilee. Although no documented evidence of strong 

earthquakes and paleoseismic data are available for this fault, it is considered a major cause 

of seismic hazard to the populated and industrial area of Haifa Bay. It is therefore imperative 

to identify traces of potential active faulting. A major difficulty that hinders detailed mapping 

of the fault trace is the dense vegetation cover, steep topography of the region, and abundant 

landslides and scree deposits. To overcome these obstacles we use dense laser scanning of the 

fault zone in order to produce a detailed geomorphic map that includes possible fault scarps. 

The relevant advantages of the method are vegetation removal in the analysis, relatively direct 

identification of suspect fault scarps as linear elevation gradients crossing smooth terrain.
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Early cretaceous siliciclastic facies types and cyclic patterns: field 
evidence from Hatira, Hazera and Arif
Frank R., Hadar D., Benjamini C.

Department of Geological and Environmental Science, Ben Gurion University of the Negev, Beer Sheva 

84105, Israel

Fluviatile, aeolian, shallow-marine, deep subtidal and pedogenic facies types were identified in 

Early Cretaceous siliciclastics exposed at the cores of the Hatira, Hazera and Arif structures. 

Fluviatile facies units incorporate a wide range of grain sizes from clays to coarse pebbles. 

Channel elements are composed mainly of medium-coarse sandy laminae and thin beds, 

characterized by grain-size segregation, normal grading or poor sorting. The laminae and thin 

beds are organized into trough cross-stratified units formed by migration of 3-dimensional 

subaqueous dunes, and into tabular-planar or wedge-planar sets and cosets, resulting from 

migration of transverse 2-dimensional subaqueous dunes. Poor representation of distinctive 

cutbanks at the margins of these cross-stratified units indicates accumulation as sheet channels 

on broad braidplains. Relatively thick (decimeter-scale) massive or normally-graded beds 

indicate deposition from turbulent- and debris flows, reflecting flash flood events. Channel 

elements bounded by erosional 5th-order surfaces at the base and by 4th-order surfaces 

at the top reflect lateral or downstream migration of bars. Fine-grained massive or bedded 

units, mostly of silt to fine-medium sand, incorporating coarser-grained cross-stratified beds 

of crevasse splays and reddish-purple horizons of probable pedogenic origin, are interpreted 

as floodplain elements.

Fluvial elements are typically organized in a cyclic pattern. Each cycle shows a fining-upward 

trajectory from coarse-grained channelized sandy bedforms, to finer grained floodplain 

elements, with ferruginous crusts and pedogenic horizons at the top. 

Aeolian facies units are well-sorted and usually finer grained (medium sand) when compared 

to the fluviatile facies units. Large-scale grainfall strata form steep foresets over 2 meters 

in height, with pinstripe lamination and occasional inverse grading. Smaller-scale aeolian 

bedforms form subcritically-climbing translatent strata associated with the process of wind 

ripple formation by grain saltation and creep. These structures are typically sub-horizontally 

laminated, forming sets up to few tens of centimeters in thickness, the laminae often pinch-out 

laterally and may show low-angle foresets and inverse grading. In the Hazera exposure these 

meso-scale bedforms are associated with decimeter-thick avalanch foresets of sandflow origin. 

This deformed unit is bounded at the base by a large-scale sub-horizontal shear-plane, and 

therefore the entire unit is interpreted as representing mass transport of a wet aeolian dune. 

Marine facies units display bi-directional trough cross-stratified units and herringbone cross-

stratification, both resulting from repetitive bi-directional fluctuations of tidal origin. The 

sands with tidal features overlie deeper subtidal units that can contain any of the following 

features: substantial bioturbation and marine trace fossils, shelly molluscan fauna, ammonites, 

phosphatic fish remains, phosphatized grains, and glauconite.



Abstracts | 69

Late Quaternary paleoclimate of the Dead sea region based on 
deposits in limestone caves
Frumkin A.1, Lisker S.1, Vaks A.2, Bar-Matthews M.3, Porat R.1

1. Geography Department, Hebrew  University of Jerusalem, 91905, Israel

2. Department of Earth Sciences, University of Oxford, Parks Road, Oxford OX1 3PR, United Kingdom

3. Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

Calcite speleothems are a hitherto hardly documented occurrence in the nowadays arid to 

hyper-arid rain-shadow Dead Sea area of eastern Israel. Speleothem ages (U-Th) from two caves 

on the Dead Sea Fault Escarpment an two caves from arid rain-shadow areas surrounding the 

Dead Sea, span the last three glacial cycles between ca. 354 to 12 ka and suggest episodic wet 

local palaeoclimate mainly during the glacial periods of Marine Isotopic Stages (MIS) 6 and 4 

to 2.

Previously reported U-Th ages of stromatolites deposited in the Late Pleistocene Lake Lisan 

and preserved in caves of the Dead Sea Fault Escarpment, suggest that regional relatively wet 

climate affected the lake catchment area during the late part of (relatively warm) MIS-3 lasting 

until middle (cold) MIS-2, as well as at the MIS-5 to 4 (interglacial-glacial) transition.

Speleothem deposition periods spanning the 38.4±0.5 to 16.4±0.3 ka time interval, i.e. late 

MIS-3 to early MIS-2, representing moist periods in the lake area, are coeval to regional wet 

conditions inferred by the stromatolite record. A direct connection is thus implied between 

local and regional climate at the latest Pleistocene based on correlation between two 

independent data sets. This connection implies that glacial climate has generally been moister 

than interglacial climate during the last glacial-interglacial cycle at both local and regional 

scales around the Dead Sea and its predecessors.
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Hydrological parameters of fault zone in the Dead sea area
Gabay R.1,2, Shalev E.1, Sagy A.1, Yechieli Y.1, Weisbrod N.2
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Fault zone architecture plays an important role in flow regimes in hydrological systems. The 

fault zone architecture is composed of a fault core, a damage zone and protolith. The fault core 

is where most of the deformation takes place and is composed of gouge and cataclasite. The 

damage zone is a network of fractures that bound the fault core and have a higher permeability 

relative to the fault core and the protolith. The damage zone related structures include: joints, 

veins, cleavage, folds and small faults that result in heterogeneity and anisotropy in the fault 

zone permeability structure. The damage characteristics and intensity is generally depending 

on the distance from the fault core. Because of the special architecture of fault zones they can 

act as conduits, barriers or conduits/barrier systems.

This work was conducted on the Yair fault that is located in the western north part of the 

Evaporation Ponds of the Dead Sea Works. Yair fault displace rocks of Shivta formation on the 

hanging wall from rocks of Ghareb formation on the foot wall and has a vertical throw of 100-

200 m. Four boreholes were drilled to Yair fault (Yair 3-6), each borehole was perforated in a 

deferent place of the fault damage zone, Yair 3 and 4 were drilled into the damage zone of the 

hanging wall, Yair 5 was drilled into the fault core and Yair 6 was drilled to the damage zone of 

the footwall. A series of slug test were performed in all the boreholes to measure the hydraulic 

conductivity [K] of each zone. The hydraulic conductivity that was measured on both sides of 

the damage zone shows values of 100-200 [m/day].  

Outcrop samples were collected from each zone of the Yair fault damage zone. Three plugs 

were taken from each sample one perpendicular to the fault plane, the second parallel to the 

fault plane and perpendicular to slip direction and the third perpendicular to the fault plane 

and the fault slip direction, and were tested for their permeability with gas permeameter. 

Permeability values that were measured from the fault core show values of 8x10-4 [m/day]. 

Our results reveal that there are six orders of magnitude difference in hydraulic conductivity 

between the fault core and the damage zone in Yair fault.  
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Does thermal convection occur in mammalian burrows  
during the night?
Ganot Y.1, Weisbrod N.1, Dragila M. I.2, Nachshon U.1
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Burrowing is a common habit of mammals in arid zones. Nevertheless, knowledge of 

environmental conditions within animal burrows, and especially of the way burrows are 

ventilated, is scarce. The ventilation rate is a crucial factor in controlling gas composition and 

microclimate within the burrows, as poor ventilation can lead the inhabitants to hypoxia and 

hypercarbia. Moreover, the exchange rate of CO
2
 gas between the burrows and the atmosphere 

is important for more accurate understanding of the carbon cycle. 

Ventilation can be achieved by the following mechanisms: 1 diffusion, (2) external winds, (3) 

movement of the inhabitant within the burrow (the ‘piston-effect’), and (4) natural thermal 

convection, a process by which a thermal gradient between burrow and atmospheric air 

creates a density gradient which induces convective air flow.

Here, we investigate the role of thermal convection in burrows ventilation. Artificial burrows 

(length: 65 cm, diameter 7 cm, depth: 46 and 65 cm) were drilled in loess soil near Sede Boker 

and a network of thermocouples was installed to continuously monitor and record temperature 

distribution within these burrows. The results show that thermal convection occurs on a daily 

basis during the night and early morning. 

Convective flow in a thermosyphon pattern was confirmed using a numerical model.  During 

the night, an average air venting velocity of 2.5 cm/s was calculated. These results indicate that 

during the night the air volume of the burrow is being replaced, on the average, about every 

minute. For comparison, CO
2
 flux by steady-state diffusion alone is 4 to 5 orders of magnitude 

lower. While this work focus on burrow-structured discontinuities in porous soil, its results are 

relevant to other structures, like cracks and karstic systems, as well.
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Veins In the Hatrurim Formation
Geller Y.I. 1,2, Burg A.2, Halicz L.2, Kolodny Y.1
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Many of the Hatrurim Formation rocks are intensively veined. Most of the veins are composed 

of Ca-silicate hydrates and Ca-aluminum-silicate hydrates such as different variations of 

tobermorites and zeolites. Part of the veins are enriched in heavy metals, most commonly in Cr 

(volkonskoite and bentorite) and iron (maghemite, magnetite, and hematite).

Comparing the chemical composition of the oil shale protolith and the equivalent stratigraphic 

unit in the Hatrurim Formation (combusted metamorphic product), with respect to the relevant 

elements on a large scale (outcrop scale), yields a measure of the release and mobilization of 

those elements. The comparison shows that the high grade un-veined gehlenite-larnite and 

spurrite-calcite rocks have a chemical composition similar (except for the loss of organic matter, 

CO
2
 and water) to the equivalent oil shales from the PAMA and the Ein Boqeq quarries. Moreover, 

the ratios between geochemically related trace elements (like Cr/Ni) are preserved during 

metamorphism. These suggest that the combustion process was essentially isochemical. On 

the other hand, the common presence of veins rich in heavy metals implies that the Hatrurim 

rocks exhibit two modes of behavior: on a sufficiently large scale it is isochemical, whereas on 

a smaller scale - open system fractionation dominates for some of the elements, mainly heavy 

metals. 

Petrographic analysis of Cr-bearing veins serves in constructing the mobilization and 

precipitation mechanisms of this heavy metal via heated fluids related to the combustion. 

Chemical analysis using laser ablation, across Cr enriched bentorite veins in spurrite-calcite 

rocks, shows that the Cr content increases and the Ni content decreases to zero, so that the 

constancy of the Cr/Ni ratio in the protolith, as well as the general geochemical association 

of chromium and nickel in the metamorphic products, is no longer preserved. The extreme 

variation in the Cr/Ni ratio in veins exhibits the different mobility of both metals which is 

probably mainly related to the changes in oxidation states of Cr (from +3 to +6), and Cr(VI) 

being more soluble.

The bentorite containing veins show Cr zoning (as evident both by SEM end laser analysis) 

which may point towards two stages of fracturing and precipitation that are related to changes 

in oxidation/reduction and pH conditions of the fluid. Both thermodynamic (Eh-pH diagrams) 

and field evidence (in the Maqarin area in Jordan) points to conditions of very high pH (above 

11) during the vein depositing stage and varying oxidation conditions that change the Cr 

oxidation state.



Abstracts | 73

construction of 3D reservoir model for geological cO2 storage  
at the Heletz test site
Gendler M., Shtivelman V., Goldberg I.

Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

In the framework of the EU-FP7 MUSTANG project, the Heletz site has been chosen as a test site 

for a small-scale CO2 injection experiment.

The Heletz structure is an anticline fold with a crest of about 2 km by 4 km with a vertical 

closure of 70 m. The structure is gently dipping to the east, truncated by a pinch-out line to 

the west and subdivided into a three separate blocks by transversal normal faults with small 

displacements. The faults have been identified on the basis of discrepancies in initial oil/water 

contacts, production anomalies, structural mis-ties and reservoir pressure differences. Thus, the 

Heletz field is a combination of structural, lithostratigraphic and tectonic traps.

The potential reservoir for CO2 storage at the Heletz site consists of three Lower Cretaceous 

(Hauterivian-Barremian) sand layers named “K”, “W” and “A”. The sands are probably of eolian 

origin, deposited in a tidal channel, laggoonal environment and coastal area. The sands are 

separated by shale and aleurolite layers of various thicknesses. The lateral extension of the 

sand layers is limited to the west by a pinch-out line westward of which the sands are replaced 

by shales. The sand reservoir is overlain by a limestone layer (named LC-11) which is the main 

geological marker in the entire area. The limestone is overlain by a thick impermeable shale 

and marl section which probably served as a cap rock for oil accumulation. The Heletz sand 

reservoir is underlain by thick sediments of dolomite and limestone (named Kokhav Dolomite 

– LC-12 marker). 

In order to characterize the test site, a 3D geological model of the reservoir has been constructed.  

To construct the model, a detailed litho-stratigraphic and petrophysical interpretation was 

carried out on the basis of well log data, well testing, cores and small cuttings analyses from 

about 40 wells drilled within the Heletz structure. The model is represented by a set of maps 

and geological cross-sections describing the geological features (litho-stratigraphy, layers 

geometry, reservoir and cap rock thickness, pinch-out lines, faults) and spatial distribution of 

physical parameters (porosity, permeability, pressure, water salinity) of the reservoir layers. 

The model demonstrates that the sand reservoir is vertically limited by two surfaces, with its 

top at the depths of -1370 m to -1560 m and bottom at -1404 to -1587 m. The net reservoir 

thickness increases from 2.2 m near the pinch-out line at the north-west to 20.6 m at the south-

east. The average porosity within the sand layers varies between 13% and 25 % and the average 

permeability varies in the range of 4 – 465 mD.
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Miocene Magmatic body occurrence under Eshet Ridge  
(central Arava)
Ginat H., Rybakov M., Shirman B. 

Dead Sea and Arava Science Center, Kibbutz Qetura, Hevel Eilot 88840, Israel

The Eshet Ridge is located in the Central Arava south of Wadi  Paran. Geological observations 

were accomplished with ground magnetic surveys and petrophysical measurements (magnetic 

susceptibility and density) and were directed toward concealed magmatic body under the 

Eshet Ridge . 

Integrated gravity and magnetic interpretation based on seismic reflection data (including 2 ¾ 

modeling) suggested the presence of deep-seated basic magmatic Eshet massif. 

Eshet massif was interpreted as causing the local gravity high and positive magnetic anomaly 

coinciding with gravity. The Eshet massif depth and geometry were defined using 2 ¾ 

forward modeling providing best fit between observed and calculated ground magnetic. The 

magmatic body was located at a depth of about 1.5 km with confidence interval of +/- 0.5 km 

(most probable for deeper location). Estimated depth of the crystalline basement of this site is 

about 2.5 km with the same confidence interval. That means we cannot definitely suggest the 

location of the body roof as above the crystalline basement or inside.

Miocene basic magmatic rocks are exposed along Nahal Ashosh and its margins 18 km north 

of the Eshet Ridge. A new outcrop of basic magmatics was found southwest of the Tzukim 

settlement. Magnetic measurements suggested the similarity of their magnetic pattern to the 

Ashosh basic magmatics, which was dated as 20 million years okd. Volcano clastic Tuff pebbles 

(magnetic susceptibility is about 2–7 * 10-3 SI) in a conglomerate were found in two sites in 

Wadi Demma and Wadi Menuha (streams that drain beside the Eshet Ridge and 2 km. south of 

Eshet Ridge). The pebbles are in conglomerates that contain mostly limestone, chalk and chert 

pebbles and not more than 5% of these volcanic pebbles. One of the pebbles was dated in the 

geological survey in 1996 at 20 million years old.

The Miocene magmatic outcrops in Nahal Ashosh, the magmatic dyke near Tzukim settlement 

and the volcanic purple and black pebbles near Nahal Demama were all dated as Middle 

Miocene phenomena. The magmatic bodies that were identified during this research under 

Eshet Ridge may be connected to and even the source of all these phenomena.
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two supplementary large-scale surface explosions at sayarim for 
Infrasound calibration – in Winter
Gitterman Y.

Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

Recently a new Infrasound Calibration experiment was successfully conducted by the 

Geophysical Institute of Israel (GII) at Sayarim Military Range, Negev desert, Israel, on 24-26 

January 2011. The experiment included two large-scale on-surface explosions of 10 tons 

and 100 tons of ANFO explosives, conducted in different time of the day. The Big Bags of 

ANFO explosives were assembled as a pyramid/hemisphere on the soft sediment surface, 

and detonated upward. Near-source high-pressures in air-shock waves were measured, and 

preliminary results show peak-pressure values larger than expected for these ANFO charges.

The experiment was initiated by the CTBTO, Vienna, and extensive observations were 

performed in close cooperation of Israel, European and Middle East countries and the USA. The 

main goals of this experiment - to provide fully controlled infrasound sources, the strongest 

since establishing of the International Monitoring System (IMS) network, for calibration of IMS 

infrasound stations, located in Europe, Eastern Mediterranean, Middle East and Asia, contribute 

to understanding of the infrasound propagation in the atmosphere, under winter conditions, 

when stratospheric winds are different from those that prevail in summer, and thus improve 

IMS capabilities for monitoring nuclear tests.

The infrasound signals from the 100 tons shot were observed at IMS infrasound stations in 

Russia, Kazakhstan and Mongolia (6,500 km).

In the similar explosion, that GII conducted at the same site in August 2009 under summer 

weather conditions, clear infrasound signals were recorded at many regional and IMS stations 

to the West and North-West, up to a distance 3,500 km.

The unique experiment of the pair of large-scale explosions in different seasons demonstrated 

a clear favorable infrasound propagation to the West and the East.
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High Resolution Geophysical survey Of birkat Ram
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Birkat Ram is situated in the northern Golan Heights, Israel. It is maar, a volcanic crater caused 

by a phreatomagmatic eruption when groundwater came in contact with hot lava or magma. It 

is a 1000x1200 m basin 30-120 m lower than its topographic surroundings. This maar acts as a 

hydro-volcanic window to the underground water system of the Ya’afuri Valley. The water depth 

reaches about 10 m during rainy seasons, and drops during summers due to water pumping by 

Mekorot for agricultural irrigation. The margins of the maar are covered by the Birkat-Ram tuff 

and the basin is filled by about 90 m of layered limnological sediment, overlaying a pyroclastic 

layer several tens of meters thick.

The one day geophysical survey mapped the seafloor bathymetry using an echo sounder for 

depths, a Klein 3900 sidescan sonar for seafloor morphology and characteristics, and a VHR 

Sparker seismic system to map the subbottom strata.

Results of the initial data processing and interpretation reveal sedimentation rates and 

patterns within the maar. Comparison of the new bathymetric map to the old map from 1982 

reveals that most of the sediment accumulates along the south-eastern side of the maar. The 

processed sidescan sonar image reveals differing seafloor characteristics, the seafloor along 

the north-western and the south-eastern shelves returns less backscattered energy suggesting 

finer grained sediment, and the seafloor of the inner basin generates higher backscatter 

implying a more coarse grained sediment composition. Most of the seismic profiles failed to 

penetrate the seafloor and recorded several seafloor multiples. Seismic penetration was only 

observed along the north-western and the south-eastern margins, probably from deposits of 

finer grained sediment with lower porosity. 
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Fault-slip evolution during the 2009-2010 rifting episode in the 
northern Malawi Rift, East Africa
Hamiel Y., Baer G.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

We use InSAR data, detailed ground observations, and elastic modeling to resolve the 

evolution and distribution of ground deformation and fault slip during the November 2009 to 

March 2010 seismic swarm in the Karonga region, northern Malawi Rift. The swarm included  

17 M>4earthquakes (nine of which were larger than Mb 5) and was accompanied by extensive 

surface deformation. The first month of the swarm was characterized by a very low rate of 

seismic moment release. On December 6, the released seismic moment increased rapidly, 

continuing until December 19 with the occurrence of the largest, Mw 6 event. The next few 

months are characterized by a very low seismic moment release rate.  We find a very good 

agreement between the InSAR and field observations of surface ruptures. Our best fitted fault 

models indicate dip-slip displacements on a fault dipping 4o, to the southwest with maximum 

slip of about 120 cm at 3-5 km depth.  Our models also indicate that during the period between 

Dec. 6 and Dec. 17, most of the rupturing was concentrated in the northern part of the fault, 

during the Dec. 19 event, rupturing propagated to deeper and southern segments of the fault, 

and from Dec. 24 to March 2010 deformation was dominated by shallow creep above the 

southern segment that ruptured at the previous stage.
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buried and relict sandy soils as samplers of Quaternary dust in the 
central coastal Plain, Israel: initial results.
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We examined buried and relict sandy soils in aeolian Quaternary deposits exposed along the 

central Coastal Plain of Israel to determine dust sources. Dust was added to soils developed 

on top of stabilized sand dunes during distinct time intervals. Subsequently these soils were 

buried by dunes. The duration of soil development was determined by OSL dating of the dunes 

underlying and overlying the buried soils. Here we focus on distinction between long-distance 

transported fine dust (fine silts and clays) and the local dust (coarse silt) accumulated in sandy 

soils along the coast and in Tabun cave, Mt. Carmel. We aim at detecting the change in sources 

of the coarse silts in a south-north direction.

The mineralogy, morphology, and grain size distribution of buried and surface soils enabled 

the determination of initial spatial and temporal distributions of fine and coarse dust along 

the Coastal Plain. There are three potential sources for the coarse dust: (a) a southern source 

from aeolian abrasion of the northern Sinai-Negev dune field. In this case the Coastal Plain is a 

sink similar to the Negev loess, (b) a local, eastern Mediterranean continental shelf source, this 

source could have contributed dust directly from exposed silts during eustatic lower sea levels, 

(c) a local coarse dust production during sand dunes activity on the exposed shelf and along 

the coast. 

Preliminary results indicate that the source of the coarse fraction of dust in the southern 

coastal sandy soils is similar to the source of the coarse fraction of the loess in the Negev, i.e. 

abraded sand of the Sinai-Negev erg. At Beit Oved site (southern Coastal Plain) our analyses 

indicate that only fine silt and clays were added to the soils formed 300-400 ka. In contrast, 

younger soils exposed since ~300 ka, contain the two separate grain-size modes of fine and 

coarse silt, characteristics of long- and short-distance transport of dust, respectively. The time 

of deposition and the grain size distribution of the dust in the younger soils are similar to those 

of the Northern Negev loess (last ~200 ka).  However, in the northern sites, such as the Tabun 

Cave, the existence of coarse silt older than 200 ka, before the detection of coarse silt in the 

Negev loess, points at the possibility for a local dust source just off-shore during lower sea 

levels of the Pleistocene.
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tracing industrial vs. vehicle combustion airborne particles in soils 

using Pb isotopes, Haifa bay
Harlavan Y., Shirav M., S. Ilani, Halicz L.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

Humans who live in large urban areas are subjected to health risks including exposure to heavy 

metals amongst is Pb which has been used by humans from early times. Prior to the industrial 

revolution, Pb was absent from the atmosphere except as natural airborne particles. However, 

recently, Pb was added to petrol as tetraethyl Pb (TEL) consequently petrol combustion emits 

Pb, PbS, PbSO
4
, and PbO to the atmosphere. Although most western countries stopped using 

Pb as petrol additive by the end of the late 20th century, Pb is still present in soils and in dust. 

Thus, at present, dust poses the greatest risk for Pb exposure. The toxicity of Pb is usually 

evaluated by measuring its level, however, treatment of the pollutant is only possible if the 

source is identified. 

Haifa Bay in northern Israel is a major industrial area which includes: refineries, a power station, 

and industries such as petro-chemical, metal coating, metal recycling, fertilizers, and cement. 

One of the large metal processing plant is "Hod Assaf industries" (referred as plant) located 

north of Haifa city. The plant work and recycle metals for stainless steal construction purposes. 

The plant was built in the 1950’s and has been recognized as polluting its surrounding with 

metals and dioxin.

In the current study, soil samples were chosen to vary in their Pb concentration, location and 

date of sampling (Shirav et al., 2009). In addition, rejects collected at the plant yard, were also 

analyzed. Concentrations of Pb in studied soils vary largely from few ppm, (background value) 

to clearly polluted values of hundreds ppm. Similarly, concentrations of other metals such as Cu 

and Zn also vary largely and in most cases exceed their threshold values. 

The main findings are: 1 The Pb isotopic composition of the plant’s rejects has a narrow range 

of compositions, which differ from that of the pre and post 1992 aerosols values. (2) The Pb 

isotopic composition of top soil up to 4 km down wind (north and south) of the plant suggests 

a significant contribution from airborne particles emitted by the plant. (3) The Pb isotopic 

composition of most soils show some contribution either from aerosol emitted by petrol 

combustions or from industrial activity (i.e. plant). (4) The correlation Pb/La, Zn/La and Ni/La 

ratios of some soils with the 206Pb/207Pb ratio suggest a common anthropogenic source for Pb, 

Zn and Ni.
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the dynamic of Uplift and Exhumation across the High Himalaya in 
Mt. Everest area
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We combine (U-Th)/He and 40Ar/39Ar thermochronology, geomorphic analysis and thermo-

kinematic modelling to decipher the mechanism of uplift across the high Himalaya of eastern 

Nepal and to examine possible tectonic, climatic and erosional interactions along the Arun 

River deep gorge. 

Three different thermochronometers depict a pattern of decreasing valley bottom cooling 

ages to the north. 40Ar/39Ar muscovite ages decrease from 16 Ma near the Main Boundary Thrust 

to 6 Ma north of the Himalaya topographic front. Zircon (U-Th)/He ages decrease from 6 Ma 

south of the topographic front to 2 Ma and Apatite (U-Th)/He decrease from 3 to 0.8 Ma. The 

decrease in cooling ages across the topographic front is gradual, rather than abrupt.  Farther to 

the north, across the transition to the Tibetan plateau, the increase in the ages is also gradual.  

At both of these transitions, the increase in exhumation rates towards the core of the range is 

apparently not a reflection of significant active faulting and more likely reflects mechanisms 

such as transport over a ramp and uplift due to duplex growth. The observed pattern limits the 

permissible duration and magnitude of out-of-sequence thrusting as well the possibility for 

significant, recent, normal faulting parallel to the south Tibetan detachment.

A 3D thermo-kinematic model which includes overthrusting over a flat-ramp-flat geometry 

and underplating, matches well the observed trends in the cooling ages while respecting 

geophysical constraints. The inferred spatial pattern of exhumation rates is in agreement with 

erosion rate proxies including relief, hillslope gradients, tributaries steepness, and specific 

stream power.   

Exhumation rates along the Arun valley are higher than along the Everest (Rongbuk) valley 

and the Dudh Kosi upper reach, ~ 50 km to the west.  This pattern requires some differential 

uplift with higher uplift rates along the Arun valley. Utilizing two thermochronologic transects 

perpendicular to the axis of the Arun antiform we discuss the possible activity of this structure 

and place constraints on accommodation of differential uplift.  
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To examine possible tectonic-climatic interactions, we characterize the north-to-south 

orographic rainfall gradient along the Arun valley. Specific stream power (SSP) increases 

considerably across the topographic front of the Himalaya and delineates a ~50 km strip of 

rapid incision rate. The SSP remains high along this stretch despite more than a 3-fold decrease 

in precipitation. In addition, the (U-Th)/He cooling ages for apatite and zircon and 40Ar/39Ar 

muscovite ages keep decreasing at least 25 km north of the precipitation maximum. This 

suggests that the belt of rapid uplift within central and eastern Nepal is not a simple reflection 

of the spatial pattern of Monsoon precipitation. We highlight other mechanisms which could 

localize strain.
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crustal structure of the Dead sea basin from local earthquake 
tomography
Hofstetter R.1, Dorbath C.2, Calo M.2

1. Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

2. University of Strasbourg, Strasbourg, France,       

New findings of the velocity structure of the crust across the Dead Sea basin are obtained by 

applying tomography based on local earthquakes. In the study we use P wave travel-time of 

614 earthquakes that occurred in the Dead Sea basin in the period 1983-2009. At all depths 

the Dead Sea basin is characterized by lower velocities relative to both eastern and western 

sides of the basin. There is a significant seismic activity at depths of 20 and 25 km, mainly in the 

center and the northern part of the basin.

At shallow depths (<15 km) there is more seismic activity on the eastern side of the basin than 

on the western side, and the northern basin is generally more active than the southern basin. 

There is an asymmetry in the in the faults that border of the Dead Sea basin. The Arava fault on 

the eastern side, with nearly vertical dip faulting, appears to be a clear boundary at all depths 

down to about 20 km. The depth extension of the Jericho fault on the western side of the basin 

is definitely limited to less than 15 km. At greater depths of 20 km or more the western side is 

partially bounded by a fault. The concentration of earthquakes in the central part of the basin 

at depth larger than 15 km suggests that the Dead Sea fault at those depths act as a one single 

fault that is located in or near the central axis of the basin.

The existence of a number of clusters or earthquakes that spread from shallow depth of a few 

km up to a depth of about 30 km point to several defined faults that traverse the Dead Sea 

basin, in example, the aftershocks sequence of the earthquake in 2004 in the northern Dead 

Sea basin. The prominent salt diapirs of Mt. Sodom and the Lisan peninsula are clear on-surface 

land marks. The seismic activity near Mt. Sodom is relatively low and occurs at shallow depths 

down to 10 km, and at larger depths (>15 km) it ceases. It implies that the whole structure 

is relatively shallow with no wide and deeper extension. The seismic activity near and inside 

the Lisan peninsula extends to somewhat larger depth (~15 km), and then it ceases. The fact 

that we observe earthquakes at large depths suggests that the upper and the lower crust are 

relatively cool, as was also suggested by earlier studies pointing to the fact that the heat flow is 

significantly below the global average value.
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Provenancing Fossil bones Using La-Icp-Ms: A case study From 
Oumm Qatafa cave, Judean Desert
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Inductively Coupled Plasma Mass Spectrometry (ICP-MS) is a routine method applied to 

examine the elemental composition of fossil bone. However, the samples used in such studies 

are bone powder or a fragment broken off from the specimen resulting in damage. In the case 

of unique or important fossils, destruction of even small pieces of bone are unacceptable. 

Here we present an alternative, non-invasive application using Laser Ablation ICP-MS (LA-ICP-

MS) to examine the elemental composition of three hominin finger bones (phalanges) from the 

archaeological site of Oumm Qatafa Cave (Judean Desert), suspected to be ca. 200,000 years 

old. The phalanges were found in a museum collection together with fossil animal remains from 

the same site. LA-ICP-MS was used to verify whether the human remains and the animal bones 

derive from the same archaeological layer at the site on the assumption that their elemental 

composition would be the same. Results showed a close resemblance between the phalanges 

and fauna, suggesting that the human remains are probably in situ. This study demonstrates 

that LA-ICP-MS offers a useful, non-destructive method for provenancing isolated human and 

faunal remains.
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Holocene Yardangs in the Western Desert, Egypt
Inbar M. 
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Yardangs are defined as positive topographic forms a meter to a kilometer long, elongate and 

streamlined, resulting from erosion of lithified substrates by the wind. Their typical shape is 

of an inverted boat, and they are streamlined according to the prevalent wind direction, with 

length to width ratios of 3:1 or 4:1. Their best development is noted on large plateaus, where 

strong winds are unidirectional.

The Western Desert in Egypt is characterized by strong NW winds, but few research reports 

have been made on the aeolian morphology and processes in this region.

Yardang development is due to following factors: a) soft chalk, marl and clay sediments that 

favors the abrasive process, b) available sand quartz as abrasive agent, c) wind strength, 

frequency and direction: strong unidirectional winds develop in the extensive plateau. d) 

hyperarid desert with almost no rains.

The most developed yardang area is found in the White Desert National Park, covering about 

3000 sq km (Lat 27˚20’, Long 28˚10’). The yardangs are developed on the Cretaceous Khoman 

Chalk Fm, a snow white chalky rock with patches of hard siliceous limestone.

Height range is between a few meters to 10m and most yardangs are about 6-8 m height 

and 10 to 20 m length. Relationship is about 2:1 and some of them are circular in the shape of 

mushrooms. The density of yardangs in the White Desert is about 10/Ha.

In nother area- called the Red Lions (Lat. 24˚20’, Long. 27˚28’) the yardangs are developed in 

the fragile marl and clay sediments of early Holocene lakes. The dating of the lake sediments 

provide an approximate starting time of the yardang development, about 9 ky.

Development of yardangs in the Western Desert is probably from the Holocene period being 

active in the present time.
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seismological survey of site Effects for schools of Zefat Required 
for seismic Hazard Assessment
Kalmanovich M., Zaslavsky Y., Gorstein M., Perelman N., Dan I., Giller D., Giller V., 

Shvartsburg A., Ataev G., Aksinenko T.

Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

The town of Zefat is located in the vicinity to the Dead Sea Transform, where several destructive 

earthquakes have been occurred in the past. Local variations of soil conditions can increase 

ground motion generated by earthquakes and the consequential damage. Therefore, site 

specific seismic hazard assessment became a very important issue especially when considering 

the construction of this area. 

The site responses for six schools in Zefat was determined empirically using ambient noise 

measurements at 29 locations and of these four permanent stations were instrumented for 

seismic events recording. Nine regional and local earthquakes with magnitude varying from 

2.0 up to 4.7 at epicenter distances of 40-850 km were analyzed.

Two empirical non-reference techniques horizontal-to-vertical S-wave spectral ratio obtained 

from seismograms of the earthquakes and explosions (receiver function) and spectral ratio of 

the horizontal versus vertical components of motion from ambient noise observed at the same 

site were used for site response estimation. The common feature of the response characteristics 

for all schools where measurements were conducted is amplification of 2-3 in the frequency 

range 0.8-1 Hz obtained from both ambient noise and seismic events. However, H/V spectral 

ratios from schools Begin and Amit yield additional frequency range of 2-4 Hz where higher 

amplifications of 3-9 are identified. 

The geological data were integrated with H/V spectral ratios to develop model of the subsurface. 

The amplification of the first peak is related to the impedance contrast between dolomites 

of Cenomanian age and overlying carbonates of Senonian–Paleogene ages. The second high 

amplitude peak is produced by layers of anthropogenic talus and slides. 

The subsurface models were incorporated into computing linear and non-linear acceleration 

response spectra. A discrepancy between maximum amplitudes of linear and non-linear 

spectra varies from 25% to 50 % for different schools. 
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the origin and evolution of garnet pyroxenite xenoliths from the 
Upper cretaceous volcanoes of Mt carmel, Israel
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A suite of rare mantle pyroxenite xenoliths occurs within Upper Cretaceous mafic pyroclastic 

sections at Mt. Carmel, northern coastal Israel. The suite includes clinopyroxenites with 

abundant garnet and some spinel, suggesting crystallization conditions of ~1.5 GPa and 110oC. 

Petrographic examination reveals at least three crystallization stages: (1) a relict magmatic 

assemblage indicated by cm sized garnet xenocrysts, (2) a major metamorphic assemblage 

represented by medium grained spinel-bearing garnet clinopyroxenite xenoliths (3) a third 

assemblage of plagioclase, orthopyroxene and spinel occurs in keliphytic rims around garnet 

in all Grt-bearing samples and indicates a retrograde granulite facies overprint. The Carmel 

xenoliths show highly variable contents of HREE, but little change in LREE suggesting that they 

formed by fractional crystallization as cumulates from magma. A Sm-Nd isochron for three 

xenoliths from Kerem Maharal yields an age of 306±15 Ma that may be interpreted as resetting 

of the radiogenic system by heating and recrystallization during the major metamorphic stage.    

Evolution lines of εNd(t) vs age of the xenoliths have highly variable slopes due to variable 

modal amounts of garnet and clinopyroxene in the xenoliths and the much higher Sm/Nd in 

garnet relative to Cpx.  However, the evolution lines intersect at an age range of 290 Ma to 320 

Ma, supporting recrystallization and redistribution of trace elements during metamorphism of 

this age. Garnet pyroxenites and the basaltic magmas that carried them to the surface had the 

same Nd istope ratios at ~ 80 to 100 Ma [eNd(t)=4.5], in agreement with the radiogenic and 

stratigraphic ages of the basalts. This suggests that basalts derive from the same lithospheric 

mantle that hosts the pyroxenites.
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Evidence for sediment reworking events in submarine cores from 
the Northern Gulf of Aqaba-Eilat
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We aim to identify, date and determine the origin of sediment reworking events in submarine 

cores, e.g., slumping, turbidites or tsunami/seiche deposits in the Northern Gulf of Aqaba-

Eilat (NGAE), located at the southern part of the Dead Sea Transform. Based on seismic and 

bathymetric analyses, prior studies suggest that the offshore Evrona and West Aqaba faults 

situated within the gulf are recently active. Tectonic activity, as well as climatic events (e.g., 

flashfloods) may result in reworking of the submarine sediments. 

The study addresses the following questions: (a) what is the Holocene earthquake record of 

the NGAE (i.e., long and short term recurrence intervals)? (b) How and where can we identify 

tectonically induced sediment reworking events in cores (e.g., tsunami, seiche, turbidity flows)? 

(c) How can we correlate reworking deposits in the sedimentary column across the Gulf to 

specific climatic / tectonic events?

In February 2010, in the frame of USAID-MERC research (TA-MOU-08-M29-036), 27 piston 

cores, 6 vibrocores and 3 diver-assisted air-hammer cores were retrieved from across the NGAE 

at varying water depths of 20-550 m, with variable sediment recovery lengths (50-450 cm). 

Determination of coring sites was based on high-resolution seismic survey and morphological 

analysis of multibeam bathymetry, seeking for potential earthquake-induced features (e.g., 

slump scarps, active faults, submarine canyons). 

Grain size distribution is used to identify depositional sequences typical of sediment reworking 

events. Sediment classification and correlation between cores from across the NGAE will 

help to determine the origin of sediment reworking events (climatic/tectonic). Magnetic 

susceptibility core profiles are used to inter-correlate cores from different locations across the 

NGAE. Radiocarbon dating of the core sequences will reveal the timing of earthquake-induced 

sedimentary events and will establish the Holocene seismic record of the NGAE region.
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Analysis of aeolian sediments in ephemeral lakes associated with 
desert dust emissions
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Ephemeral lakes in arid zones are amongst the most productive sources for desert dust 

emissions. The type and the spatio-temporal distribution of the surface sediments are 

key factors in modeling dust emissions from these systems. The study utilized time-series 

multispectral thermal infrared (TIR) data acquired from Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER) to analyze the surface sediments in ephemeral 

lakes associated with dust emissions in the Mojave Desert. Image-based spectral endmembers 

extracted from the ASTER five-band surface TIR emissivity data were used to drive fraction 

images. The spectral-mixture analysis reveals that the mosaic-like pattern of the major sediment 

types identified in relation to mineral abundance and soil arrangement – clayey silt-rich crust, 

intermediate-salt crust, quartz-rich deposit, salt-rich rough crust, sulfate-rich crust, changes 

in time as a consequence of interactions between hydrologic and geomorphic processes in 

the lake environment. The results highlight the dynamic response of these environments to 

wind erosion, and suggest that the approach utilized in this study can be advantageous for 

monitoring minerals, surface sediments, and potential of dust emissions over time in sources 

characterized by a complex surface.
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Natural Gas Accumulation And Migration Patterns Within Relatively 
Deep Marine sediments: A theoretical study
Katsman R., Makovsky Y.
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Gassy marine sediments abundantly found in continental margins of Israel and worldwide, 

are a source of major concern for their contribution to destabilization of coastal and marine 

infrastructure, and to air pollutions and global warming. Gas migration and accumulation within 

muddy marine sediments couples a number of physical and chemical processes including 

bacterially-mediated production and consumption, phase-transition, and buoyancy-driven 

migration accompanied by sediment fracturing. As yet no comprehensive picture exists of gas 

migration and accumulation within muddy marine sediment, nor do we have the adequate 

tool to study these processes. 

To that end we build a coupled LEFM reaction-transport numerical model.  In order to obtain 

a coherent quantitative understanding of complex physics of natural gas accumulation and 

migration within muddy marine sediments, we systematically examine interplay between 

methanogenesis, methanotrophy, gas solubility, and sediment fracturing related to free 

gas migration, determine equilibrium gas location within marine sediment and identify the 

processes that control it never before studied in detail. 

The current and future results will also enable validation of models for possible   sequestration 

within marine sediments. Moreover, we envisage the new modeling results to form a benchmark 

for marine geotechnical site characterization surveys, and to provide a new theoretical and 

practical challenge for acoustic applications.
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We carry out numerical simulations using the Discrete Element Method (DEM) to understand 

the conditions at slope failure and the resulting landslide sizes. Our modeled 2D slopes are 

constructed of numerous spheres simulating mechanically homogeneous material with friction 

and cohesion. This approach enables us to simulate Earth-like materials and their physical 

behavior, as discontinuities and heterogeneities can develop and propagate as the material 

undergoes yield and failure. Appealingly, the material properties and rheologies can evolve 

over time, and can be tracked in detail throughout the simulation of the slope-failure process.

We first examine in detail the mechanical causes of slope failure (slope height is fixed at 1050 

m, and slope angle at 70 degrees). Failure initiates at the slope-foot, where slope material loses 

cohesion and disintegrates (interparticle bonds breakage). The failure surface propagates 

upwards with decreasing velocity (360-70 m/sec), forming a discrete sliding plane that separates 

the disintegrated and the intact slope-materials. Significant downward slope movement occurs 

only after the failure surface has reached the top of the slope.

We then analyzed the evolution (geometry, and size) of numerous simulated landslides. Our 

results demonstrate that landslide size and failure mode are strongly dependent upon the 

Factor of Safety (FS), defined as the ratio of resisting stresses to driving stresses. When material 

strength is low (FS<< 1), landslides encompass the entire slope height. With increasing material 

strength (cohesion ranges from 0.5 to 3 MPa, friction is fixed at 31 degrees), the landslides 

encompass decreasing proportions of the lower slopes, until they vanish close to stabilization 

of the slope at FS=1. As natural landslides commonly encompass large portions of failing slopes, 

we argue that they occur under conditions of FS< 1, at least by the completion of the failure 

process, i.e. once the propagating sliding plane reaches the slope crest. Therefore in reality, 

slope failure occurs as a dynamic process in which failure initiates at the slope-foot, where 

FS~1, but FS decreases as the slope material gradually disintegrates and loses its cohesion as 

the sliding plane propagates upslope, resulting in larger landslides than would be predicted 

for FS=1. Nevertheless, for a given slope angle, the landslide geometry, defined by the ratios 

of landslide thickness (t) to length (l), are independent of material strength. The values for 

this ratio calculated from the simulated landslides coincide with field-observed subareal 

landslides (t/l is 0.08, 0.13, and 0.16 for slopes of 30, 45 and 70 degrees, respectively). The fact 

that landslide geometry (t/l) is independent of material strength coincides with the recently 

observed universal ratio of landslides volume and area.
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Enhanced bioremediation of Perchlorate in the Vadose Zone 

– Implications from a Feasibility study
Katz I., Ronen Z., Adar E., Dahan O.
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of the Negev, Sede Boker Campus 84990, Israel

Perchlorate is recognized as an environmental contaminant that is mostly manufactured as 

ammonium perchlorate in the military industry. Perchlorate is highly soluble and exhibits a 

low sorption potential to soils which makes it very mobile in the subsurface. Previous studies 

on perchlorate degradation showed that under favorable physical and chemical conditions 

local bacteria are capable to degrade the contamination. The required conditions includes: (a) 

high sediment water content, (b) reducing redox conditions, and (c) available carbon source 

as electron donor. A pilot study on enhanced biodegradation of perchlorate was conducted 

through an experiment setup that included the entire vadose zone cross section.  

Achieving optimal degrading conditions is highly dependent on the ability to manipulate the 

hydraulic and chemical characteristics of the vadose zone. However, water flow and solute 

transport in the unsaturated zone is highly unstable and sensitive to pedologic and hydraulic 

conditions, as well as to the soil-microbial environment. Accordingly, natural field heterogeneity 

may lead to uncertainties with regards to the capability to achieve the desired degrading 

conditions through enhanced percolation from land surface. Achieving favorable degrading 

conditions in the vadose zone was attempted through enhanced infiltration of rich carbon 

solution (ethanol) using drip irrigation on land surface. The actual hydraulic and chemical 

conditions in the vadose zone was monitored using a vadose zone monitoring system (VMS) 

that was installed along the entire vadose cross section of the site 

Preliminary results indicated that the vadose zone pore water contains very high background 

contamination with maximum chloride and perchlorate concentrations of 22000 and 23000 

ppm, respectively. The affect of the wetting pulses was observed through wetting fronts 

propagating, as well as through the temporal variation in the chemical composition of the 

sediment pore water. Decrease in perchlorate concentrations in the upper section of the 

vadose zone which is followed by rise in the chloride concentration is used as an indication 

to biodegradation. However, DOC concentrations in the percolating water indicate a sharp 

declined with depth which reduces dramatically the biodegradation potential.  It was concluded 

that reduction in DOC with depth is a consequence of microbial consumption in the upper 

layers. The results imply that application of carbon source from land surface to deep sections of 

the vadose zone is limited and impose a significant obstacle for deep soil remediation. 
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A Mathematical Model for biological soil crusts on sand Dunes
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In many drylands throughout the world the soil is covered with Biological Soil Crusts (BSCs). 

These crusts are made of a variety of organisms, including cyanobacteria, lichens, mosses and 

more. BSCs have great impact on the local environment. In particular they play an important 

role in soil stabilization. This property is manifested more prominently in sandy soils, as sand is 

more readily transported. Observations demonstrate that sandy regions in the North-Western 

Negev, as well as many dry sandy regions worldwide (Australian deserts, central Asia and the 

Kalahari desert in Africa), tend to stabilize due to vast presence of BSCs.

Following a previous model, which analyses the stabilization of dunes due to the presence 

of vegetation, we introduce an improved mathematical model that incorporates BSCs as 

well as vegetation. The model allows for the stabilization of sandy soils even with very low 

vegetative cover (arid zones, for example), as a result of a BSCs cover. The model takes into 

account special properties of BSCs, as well as the interactions of BSCs with higher vegetation 

and with environmental factors such as rain and wind. Based on the model’s results we predict 

the existence of several ranges of bi-stability, both for weak and strong winds. In these ranges, 

both active and fixed dunes can develop under same climatic conditions.
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Dead sea water circulation in the aquifer: insights from radium 
isotopes
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Compared to most natural water bodies, the Dead Sea is extremely enriched in radium, where 

both 226Ra and 228Ra (140 and 1-2 dpm/L, respectively) are 2-3 orders of magnitude higher than 

in ocean water whereas the salinity of the Dead Sea is only 10 times higher. 

There are four naturally-occurring radium isotopes, with half-lives ranging from 3.7 days to 

1600 years which are chain products of uranium and thorium isotopes. Radium isotopes are 

usually enriched in saline groundwater and therefore are good candidates for estimating 

seawater or hypersaline lake water circulation in the aquifer.

Sublacustrine groundwater discharge to the Dead Sea is usually estimated by water mass 

balances. These water balances do not take into account the process of Dead Sea water 

circulation in the coastal aquifer, which may have a great effect on the mass balance of trace 

elements in the Dead Sea. This study aims to quantify the amount of Dead Sea water circulation 

in the aquifer and its effect on radium isotopes in the Dead Sea.

The known sources of radium isotopes to the Dead Sea are surface and groundwater inflows, 

desorption from suspended material and input from Dead Sea sediments, while radium sinks 

are radioactive decay, adsorption onto suspended matter and co-precipitation with authigenic 

minerals. Preliminary mass balance of these known sources and sinks of 228Ra (half life 5.75 yr) 

disagree with its activities in the lake. The 228Ra/226Ra ratio is higher than it should be according 

to the known sources and sinks. 

Circulated Dead Sea water (with Dead Sea salinity and composition) found in the aquifer 

show 226Ra activities of about 60 dpm/L. This low activity, compared with that in the lake water, 

coincides with low Ba concentrations in this water (1.5 mg/L compared with 5 mg/l in the lake). 

It is suggested that both the low Ba and Ra are due to the precipitation of barite (which the 

Dead Sea water is supersaturated with). 

228Ra is enriched in the circulated Dead Sea water mainly due to recoil and desorption from 

the aquifer solids, reaching activities of 20 dpm/L. This implies that the circulation of Dead Sea 

water in the aquifer removes 226Ra and contributes 228Ra to the lake. This adds a major source 

with relatively high 228Ra/226Ra ratios to the Dead Sea mass balance. 

Preliminary mass balance calculations suggest that the Dead Sea water circulation in the 

aquifer is on the order of 200-300 million m3/yr, which is of the same order of magnitude as the 

other known Dead Sea water sources today. 
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chromium mobility in hydrous fluids at upper mantle conditions
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Chromium is a minor component in the earth’s mantle and a trace component in the continental 

crust and is considered to be immobile in aqueous fluid under crustal and most mantle 

conditions. Exceptions to this are for example K-rich diamond forming fluids, shown to contain 

up to 1 wt% Cr
2
O

3
 (on a volatile free basis). A series of high-P experiments on the solubility 

of Cr
2
O

3
 in KCl bearing water were done using rocking multi anvil diamond trap techniques 

(1000 and 1200 °C, 4 and 6 GPa) combined with cryogenic LA-ICP-MS in order to determine Cr 

mobility in saline fluids (e.g., diamond forming fluids) under mantle conditions and its possible 

involvement in deep metasomatism. 

Chromium solubility in KCl-bearing water increases with salinity (KCl). At 250 µg/g KCl, Cr 

solubility in water is between 100 and 200 µg/g, independent of pressure. At 4 GPa, an order 

of magnitude increase in Cr-solubility is observed only for the 3 wt% KCl solution, while at 6 

GPa such increase is observed already at 1.3 wt% KCl. No significant effect of temperature is 

observed.

Metasomatic Cr-rich mineral assemblages are encountered in both subduction zone and deep 

lithospheric mantle environments, where alkali-rich hydrous fluids, similar to those examined 

in this research, are regarded as major metasomatic agents. In some cases, unique minerals 

found as micro- and macro- inclusions within diamonds (e.g., chromite and phlogopite) have 

significantly different compositions than common mantle minerals and are much richer in 

Cr. Thus, saline hydrous fluids can be considered an important metasomatic agent at deep 

lithospheric mantle conditions and appear to be efficient in transporting elements such as Cr 

during rock water interaction.
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Morphometrics of Judea Group Orbitolinids (Larger Foraminifera) in 
Israel and their Paleoenvironmental significance
Krasnov H., Benjamini C.
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Major environmental change in the Tethys took place at the Cenomanian/ Turonian Anoxic 

Event (the Bonarelli anoxic event, BAE), but the changes in oceanic fertility and oxygenation of 

the sea floor that culminate in that event already affect the continental shelf and slope from 

the Middle Cenomanian.  We describe here results from a morphometric study of orbitolinid 

larger foraminifera from coeval sections of the Cenomanian Judea Group from different parts 

of Israel. Normal univariate statistical methods were used to evaluate variations in shape and 

size among the orbitolinid faunas between these sections. This study was aimed at identifying 

the changing environmental conditions along the carbonate ramp of the Levant. 

A non-parametric 1 Way- ANOVA showed a significant difference in the shape of orbitolinids 

from different sections in the Negev, but no significant difference in size of the populations. 

Orbitolinids from Avnon Formation, early Late Cenomanian, at the Har Avnon section near 

Yeruham, and from the Ef’e section east of Dimona, show no difference in shape or size and 

represent the same orbitolinid species (orbitolina conica). At Makhtesh Gadol, orbitolinid 

foraminifera from the top of the Ein Yorke’am Formation, some 2Myr older in the Middle 

Cenomanian, show the same pattern in size, but differ in shape. A significant difference in both 

shape and size was recorded between populations from the section at Makhtesh Gadol, and 

from coeval material from the Carmel outcrop and Manara.  

Shape variations in orbitolinid foraminifera have been attributed to water depth, while size 

variations may occur under different nutrient levels. There are two models when it comes to 

nutrient levels. The one says that large size represents an environment that is rich in nutrients, 

and the second approach suggests that the orbitolina is symbiotic baring foraminifera and its 

size represent an oligotrophic environment. Microfacies analysis will help us decide between 

the two approaches.

For now we can conclude that in the Negev there was different sea level at different times but 

the same nutrient level. Also at the same time space there was a difference in the sea level and 

the nutrient level between south and north Israel.
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Magnetic resonance imaging for groundwater: examples of 
investigation of karst along the Dead sea shore and in tête Rousse 
glacier (massif Mont blanc, French Alps)
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The proton Magnetic Resonance Sounding (MRS) is a geophysical technique that allows non-

invasive investigations of water-saturated rocks. The method is based on the Nuclear Magnetic 

Resonance (NMR) phenomenon in the Earth’s magnetic field. MRS can be used as a sounding 

(1D) or an imaging (2D and 3D). The measuring setup consists of wire loops on the surface 

that are energized by one or two pulses of oscillating current. The frequency of the current 

is set equal to the Larmor frequency in the geomagnetic field that varies between 800 and 

2800 Hz around the world. After the pulse is cut off, the free induction decay (FID) and/or the 

spin echo (SE) signals from groundwater could be measured. MRS results are averaged over 

the investigated volume that depends on the loop size and typically varies from 20x20x20 

to 100x100x100 cubic meters. MRS performance depends on the magnitude of the natural 

geomagnetic field, the electrical conductivity of rocks, the electromagnetic noise and other 

factors. The typical depth of groundwater detection for currently available equipment can vary 

from 45 to 170m. The processing of MRS data can provide 1D, 2D or 3D image of the water 

content in the subsurface. 

We present results of two studies conducted one in the lowest area of the world (Dead Sea, 

altitude of -400 m) and another in the Tête Rousse glacier (altitude of 3200 m). The common 

point between these surveys is subsurface cavities filled with water. In Israel (Nahal Hever site) 

voids are located within a salt formation and in Tête Rousse glacier in ice body of the glacier. 

Both studies were carried out using proton Magnetic Resonance Sounding (MRS) method. 

MRS study performed in the Hever South site (DS) was associated with the sinkhole hazard. 

Study carried out in the Tete Rousse site was associated with hazard of rushing down of glacier 

water from the altitude of 3200 m to Saint Gervais village like that happened in 1892 and 

causing death of 175 people.  

3D map of groundwater distribution derived from MRS results in the Hever South allowed us 

locating the aquifers and the water-filled karstic caves within the salt layer. However, direct 

verification of these results was not done. 

The MRS study in Alps allowed us locating the water-filled cavern within the glacier and 

estimating its volume. These results were confirmed by 20 boreholes drilled after MRS survey. 

Then, water was pumped out from the glacier and the extracted volume of 48000 m3 was in 

a very good agreement with the MRS prediction. This experience confirms the validity of the 

MRS method not only for the glacier but also for the Dead sea area. 
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Identification of the Ein Fesha freshwater inflow signal within  
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Ein Fesha is one of the largest freshwater inflows into the Dead Sea, contributing about 70 mcm/

yr. The density difference between the spring water and the Dead Sea brine is large, ~1000 kg/

m3 vs. 1243 kg/m3.  One would expect to be able to observe a lower density measurable “lens” in 

the vicinity of the spring outlet on top of the denser Dead Sea brine. What are the dimensions 

of such a lens? Over what distance from the freshwater source does complete mixing occur? 

Thermal imaging by remote sensing reveals a lower temperature plume that rarely appears and is 

highly variable in plume area between images, even a few hours interval. However, since thermal 

images represent only a skin temperature of a depth of ~10 microns, a complementary monitoring 

is needed in order to quantify the plume thickness and the mixing ratio within the plume. 

We conducted a combined observation on the Ein Fesha plume including: 

1. Hydrographical profiles of temperature and turbidity, along two transects across the Ein 

Fesha lens towards the spring.

2. Density measurements (salinity).

3. In-situ skin and bulk temperature reading of the surface water.

4. Infrared camera imaging from Rosh Zukim, a cliff above Ein Fesha, to direct the research 

vessel into the plume and to monitor the plume throughout the day. Also suspended matter 

was monitored buy imaging with visible-light camera from the same location.

5.  Measuring the spring water temperature and density at spring source (spring water flux is 

monitored by the hydrological service). 

6. Wind direction and intensity was measured onshore.

7. Satellite remote sensing images of surface temperature and suspended matter.

We found that the lens is very well mixed. The density (salinity) measurements revealed that 

the highest mixing ratio of freshwater to Dead Sea brine was 1 part (FW) in 500 parts (DS). 

The thermal imaging reveal plume extent representing temperature differences between the 

lens and the Dead Sea brine. However the IR imaged thermal plume represents a very thin 

skin layer. The IR imaged thermal plume is very sensitive to wind influence and spreads or 

disappears quickly with wind driven mixing. 

To investigate the expected impact of the Red-Sea-Dead-Sea Canal on the Dead Sea, a pilot 

project has been proposed. The pilot includes discharging seawater (or desalinization reject 

brine) into the Dead Sea.  Our findings provide constraints on planning such a pilot, so that the 

plume around the discharge will be measurable.
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Harvesting of 400 million cubic meters of salt from the evaporation ponds at Sdom in 25 

years is one of the leading alternatives to overcome the continuous level rise of pond 5 due 

to the sedimentation rate of 20 cm/year over an area of 80 km2. The aims of this project was 

to recommend dumping sited for the harvested salt in the Dead Sea (DS) and to examine the 

expected impact of dumping on the environment and on industry. 

The dumping sites were proposed under the following restrictions: the bathymetry of the DS, 

minimum transportation distance, the expected level decline, allow free flow path for gravity 

current of the industrial end-brines down the sub sea gully, avoidance of possible damage to the 

pumping stations due to suspended salts, dumping within the Western slopes of the DS, and salt 

piles slope should be below the dynamic repose angle (avoiding collapse during earthquake). 

Two proposed sites meet the needed volume and the above restrictions. To estimate the 

spreading capacity of salt grains, currents were measured systematically in the DS and 

the relation between grain size and settling velocity (“Stokes law”) was measured in field 

experiments. Currents were measured by means of drifters, Acoustic Doppler Current Profiler 

and transport of suspended matter was observed by means of remote sensing. The well known 

transition from summer stratified to winter homogenized (holomictic) lake as expressed 

in the temperature, salinity and density profiles, is reflected also in the current field, a two 

layers current velocity structure with a sharp decline in velocity below summer picnocline, is 

switched to a single layer currents structure in the winter, when the water column is vertically 

homogeneous. The velocity characteristics of currents in the upper water was found similar in 

summer and winter, with an average velocity of 6 cm/s and the high velocity currents reach 18 

cm/s (and more).

The spreading potential was estimated based on current velocity (horizontal) and settling 

velocity (vertical) as a function of grain size. We suggested a rough estimation for “safe” grain 

size - larger than 6 mm, which will quickly settle to the bottom with minimum transport by 

currents. “Unsafe” grain size – are grains smaller than 1 mm, that are expected to be subjected 

to significant transport by typical currents and thus large amounts of salts may spread in an 

uncontrolled fashion. A major concern is the presence of very fine grained materials (<<1 mm) 

that may lead to increased turbidity of the surface of the DS.
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Preliminary simulations of damage to infrastructure facilities in 
Israel by the HAZUs program
Levi T., Salamon A.
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Israel is situated along the Dead Sea Transform which is one of the most active fault systems 

in the Eastern Mediterranean region. Given the cyclic nature of strong earthquakes (Mw > 

6), the next one in this region is inevitable. Experience shows that the resulting damage to 

infrastructure facilities and economical loss may further cause severe disruption to the normal 

life and the economy in the affected country. Therefore, developing different damage and loss 

scenarios is one of the most important tools for proper planning and early preparation for 

possible future earthquakes. However, so far only preliminary intensity based estimates have 

been done and scenarios of the potential damage to infrastructure facilities have not yet been 

developed in Israel.

The purpose of the present study is to create various scenarios of damage to infrastructure and 

loss estimations by applying the advanced American software Hazus. The first stage is meant 

to assess the potential damage by using multiple algorithms on a national polygon network. 

These algorithms are designed to evaluate the damage to various types of infrastructures, 

predict its post-earthquake recovery time and estimate the expected economical damage.

In order to assess the ability of the program to obtain information regarding the Israeli 

infrastructure systems and estimate the resulting damage, the input files of the program were 

fitted and supplied with data records of pumping stations, railroad bridges and fuel farms. Two 

earthquake scenarios were examined in the Beth She`an and the Hula regions, both resembling 

an earthquake of magnitude Mw=7.1 and focal depth of 13 km. The results show clearly that 

the location and the seismic durability of the examined facilities have a major influence on the 

amount and type of damage, whether caused to a single facility or to the group of devices. For 

example, petrochemical tanks located 60 km away from the epicenter of the Hula earthquake 

scenario, were subject to minimal damage only. On the other hand, such tanks, if not seismic-

proofs and placed near to the epicenter, may reach as much as 87% probability to collapse. 

Correspondingly, the functionality level (defined as percentage of full functioning) of the given 

tanks is predicted to be: 11% for one day, 15% for seven days, 29% for 30 days and 69% for 90 days.

The capabilities and advantages of the Hazus program in providing infrastructure damage 

estimates in Israel, as were shown in this study, indicate that full implementation of the 

software is certainly possible and is an essential task. In order to increase the reliability of the 

Hazus for damage estimation in Israel, it is important to fully adjust the system and calibrate 

the appropriate parameters relevant to Israel. 
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A new geophysical methodology for sinkhole hazard assessment is under development in the 

framework of Project M27-050 granted by the MERC Program (USA). The key point of the new 

methodology is delineating salt distribution, in particular the salt edge, based on the time-

domain electro magnetic method. 

We consider a new approach to use the Transient Electromagnetic (TEM) method in its FAST 

modification for studying the distribution of bulk resistivity in the vicinity of the salt edge and 

the salt layer properties: porosity, depth and thickness. 

After locating the salt layer edge we can separate the area into two territories of investigation: 

1 “salt” area, where the measured resistivity is influences by the salt porosity (based on Archie’s 

law). (2) “no-salt” area, where the measured resistivity is influences by groundwater salinity 

based on resistivity-salinity calibrations generated for the Dead Sea region.

The new methodology permits also 2D and 3D presentation of the acquired results despite 

the fact that data are acquired in 1D. With this kind of interpretation we applied the TEM 

FAST methodology to investigate salt conditions through the Shalem-2 (Mineral) site. The 

methodology includes fast spacious mapping of the bulk resistivity in both vertical and 

horizontal directions through the area covering ~1 km2. 

The results in the “salt area” characterize three zones bases on their resistivity, the zones are 

with good correlation with the distance from the Dead Sea shore:

1. Resistivity up to 0.5 Ohm-m: Found far from the Dead Sea, near the salt edge. The zone is not 

regular and is associated with a salt karst. Sinkhole formation in these zones is most probable.

2. Resistivity of 0.5-1 Ohm-m: Intermediate zone with increased porosity.

3. Resistivity of more then 1 Ohm-m: Found close to the shore, this is the background porosity.

Estimation of the salt porosity can be based on calibration of the resistivity that will be carried 

out in the future. The map of the salt top surface shows deepest position in the central part of 

the area (-434 m sub sea) and it becomes shallower at the margins of the studied area (-424 m). 

Mapping the “no-salt area” shows the high relative resistively of the clastic sediments (0.6-

0.75 Ohm-m) along the salt edge. Such resistivity can characterize the saline with chloride 

concentration of 60-100 g/l compare to 224 g/l at saturation.

Additional method of seismic refraction and drill borehole will add in the future for better 

calibration.
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The liquefaction potential along the Western coast of the Dead Sea was evaluated in two 

different methods. The first one focused on a regional screening in order to produce a sensitivity 

map. The second one is the “simplified procedure”, a semi empirical correlation between in situ 

tests properties of the soil and resistance against liquefaction during earthquake, which was 

used to define the factor of safety against liquefaction in two specific sites.

The screening method was based on the evaluation of the seismological, geological and 

hydrological conditions along the Dead-Sea western shores, in order to identify where 

liquefaction may occur: i. The Dead-Sea region is subjected to high ground acceleration values, 

sufficient to cause liquefaction, ii. Holocene fluvial fans have been found to consist of sandy 

to gravelly loose sediments that may be susceptible to liquefaction. Accordingly, the fluvial 

fans were mapped on orthophoto maps and digitized in a GIS program, and iii. The regional 

groundwater table was computed in the GIS program, in order to define the shallow potentially 

saturated soil up to 20 meters below the surface, a prerequisite to enable liquefaction. The 

water table was computed with a constant gradient, and the depth to the water table was 

calculated in GIS.

Projection of the fluvial fans on top of the shallow saturated zones yielded the sensitivity map 

with four separated zones of relative graded degrees of sensitivity.

The geotechnical evaluation was based on geotechnical and geophysical measurements in 

two boreholes, drilled in different representative locations. Location one, the Ein-Boqeq fluvial 

fan - in the southern basin of the Dead-Sea, consists of coarse-grain layers, mainly gravelly soil. 

Location two, Mineral Beach - in the northern basin of the Dead-Sea, consists mainly of fine-

grained layers with small amounts of gravels. SPT and velocities of P and S wave measurements 

were carried out in both boreholes. Based on these measured parameters, site response 

analysis was performed in SHAKE, a program for 1-D analysis of horizontal layer viscoelastic 

soil, in order to evaluate the shear stress expected during some given earthquake. The factor of 

safety was then calculated according to the normalized values of SPT and shear wave velocity, 

separately.
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This paper presents a realistic modeling approach of shallow underground openings in soft 

rock with widely spaced discontinuities using the case study of the ancient (ca. 1000 years old) 

caverns of the Bet Guvrin National Park (BGNP), Israel. 

Damage survey of the caverns clearly indicates that high stress concentration lead to growth 

of new fractures associated with the process of excavation and material degradation. Whereas 

non-linear model is most appropriate for stability evaluation of such caverns it demands high 

computational resources due to the iterative nature of the solution.

We promote the use of simplified, i.e. linear elastic, yet realistic, model approach which enables 

determination of instabilities within the caverns. The predictions of our simplified models are 

compared with the ground truth of failure patterns in the caverns and found to be in good 

agreement.
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shallow Geothermic Energy – Unlimited in time and space
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Geothermal or Ground source heat pumps (GSHP) are air-condition systems that interact with 

the sub-surface in order to benefit the constant temperature of the ground at depths higher 

than 7m. This feature makes the GSHP extremely efficient with energy consumption of 30% 

to 70% in comparison to regular air condition technology (heating system are generally more 

efficient). 

While exploitation of conventional geothermic energy is limited to distinct location of 

geothermic anomalies, the exploitation of shallow geothermic energy is not limited in time or 

space. Indeed, GSHP has been installed all over the world and their installation rate is growing 

yearly.  Some of the countries encourage GSHP by economic incentives and some regulate 

lows that enforce the installation of GSHP in buildings. Despite the great potential for energy 

saving in Israel, not much information on the efficiency in our region is available. First, Israel 

intends to adopt international standard for GSHP. Later, the unique Israeli conditions will be 

implemented.
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Experimental subduction of the lithosphere of a back-arc basin and 
its reflection on deciphering arc-continent collision
Mart Y.

Institue of Maritime Studies, University of Haifa, Haifa 31905, Israel

Extinct subduction zones are commonly characterized by the large variability of their lithologies, 

where magmatic, sedimentary and metamorphic lithological provinces are juxtaposed one next 

to the other. To gain insight into the structural development of such tectonic provinces, a series 

of analog models was carried out using a centrifuge as a source deformation, to reconstruct 

the early stages of the structural development of such features. The initial setting of the model 

was based on a previous series of analog models that created back-arc basins over incipient 

subduction zones (Mart et al., 2005, Goren et al., 2008). Consequently, the model comprised 

five units simulating the asthenosphere as well as the ductile and brittle components of the 

oceanic and the continental lithospheres. The lithospheres were arranged in four parallel 

sectors representing the continent, back-arc basin, island arc and the ocean, each built of 

its appropriate lithosphere, and all floated on the modeled asthenosphere. Considering the 

differences in lithospheric densities between continent and ocean, subduction could have 

started along all three contact zones. However, after running the model in the centrifuge for 

approximately 45 minutes at acceleration of 800 g, we found out that subduction occurred only 

along the contact zone between the continent and the back-arc basin, even though evidence 

for some very initial subduction was encountered along the other ocean-continent contacts 

as well. There is ground to assume that once the continent – basinal lithospheric contact zone 

was weakened, subduction motion took place mostly along that loose link, while the initial 

offsets along the other contacts did not develop dynamically. As the experiment developed, 

gravitational collapse affected the continental lithosphere, and it glided seawards until the 

continental crust and upper mantle collided with equivalent parts of the island arc. At the final 

stages of the experiment the crustal collision developed into folded structures along the arc-

continent contact, and the oceanic lithosphere of the back-arc basin was entirely overthrust 

by the continental upper lithosphere. Furthermore, the crustal collapse exposed extensive 

outcropping of the intermediate lithosphere along the continent. There is ground to presume 

that extensive exposure of metamorphic terrains in zones of crustal convergence took place in 

before the collisional deformation.
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Reconstructing the history of sediment deposition in caves: a case 
study from wonderwerk cave, south africa
Matmon A.1, Ron H.1, Chazan M.2, Porat N.3, Horwitz L.K.4

1. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel
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We applied cosmogenic isotope burial dating, magnetostratigraphy and grain size distribution 

analysis to elucidate the history of the sedimentary sequence, comprising fine quartz sands and 

silts, of Wonderwerk Cave, located on the southern edge of the Kalahari desert, South Africa. 

The source for the quartz sands are the Kalahari sand dunes, presently located ~100 km to 

the north of the cave. Field observations and grain size analysis suggest a sediment transport 

scenario, which includes aeolian transport of Kalahari sand, abraded to a size of 70-100 μm, to 

the Kuruman Hills, temporary storage on the hill slopes and valleys surrounding Wonderwerk 

Cave, and later transport and deposition inside the cave. 

Our results suggest simple burial ages for sediments from both the front and back of the cave 

that range between 2.63±0.17 Ma and 1.56±0.10 Ma following initial exposure of 310 - 620 

ky. However, 26Al/10Be ratios of 3.98±0.24 and 4.08±0.22 measured in a sand sample collected 

from the surface outside the cave may imply an initial burial signal equivalent to 0.78±0.15 

Ma, thus reducing the possible age range of the buried samples to between 1.85±0.23 and 

0.78±0.18 Ma. The paleomagnetic results for the front of the cave gave a polarity sequence 

of N>R>N||N. This sequence can be correlated with both the older and younger cosmogenic 

burial age ranges. The correlation suggests that in the cave front, cosmogenic burial ages 

and the acquisition of stable remanent magnetization were not significantly affected by 

chemical and physical processes and that post-burial production of cosmogenic isotopes was 

insignificant. In contrast, at the back of the cave, the paleomagnetic polarity sequence of R>N 

cannot be correlated with the cosmogenic burial ages since the temporal gap between the 

initial penetration of the sediment into the cave and the final acquisition of a stable remanent 

magnetization may have been long (~105 yr) and the single polarity transition can be correlated 

to any Reverse-Normal transition that occurred during the Quaternary. This highlights the need 

for caution when cosmogenic burial ages and paleomagnetic sequences are compared.

The buried sediments in Wonderwerk Cave show similar grain size distributions to the fine 

sand sediment presently exposed at the surface in the vicinity of the cave. Furthermore, 

calculated pre-burial 10Be concentrations in the buried sediment are similar to those measured 

in sediment outside the cave. These similarities suggest that the environmental conditions and 

rates of geomorphic processes that persisted during sand deposition in Wonderwerk Cave 

during the late Pliocene and early Pleistocene were similar to those currently experienced 

in the southern Kalahari, the Kuruman Hills and the western Ghaap Plain. These conditions 

favored the transport of fine-grained quartz sand to the vicinity of the cave.
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3D reflection  across the Jordan fault: beit Zaida Valley
Medvedev B.1,2, Agnon A.2, Frieslander U.1

1. Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

2. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel

A high resolution three dimensional (3D) seismic reflection study, conducted during De-cember 

2010 north of the sea of the Galilee, sheds new light on fault related shallow structures. The 

field acquisition covers 200m by 300m using 744 shots with 240 channels per shot. The design 

allows a full azimuth cover to an offset of >200m for imaging a ba-salt flow at depths >100m. 

This study provides the first 3D imaging across the Jordan fault and its subsidiary structures. 

Initial analysis of the processed 3D time volume shows, in addition to the major direction of the 

Jordan fault, a set of secondary structures resembling shear wrinkles onlapped by shallower 

strata.

We identify the wrinkled reflector with the Pleistocene Yehudiyya Basalt (dipping west-ward 

from outcrops a few hundred meters to the east) at a depth of 85-140m, estimated by stacking 

velocities. The main reflectors are discontinuous on a N-S striking surface, namely the Jordan 

fault. A cross spread gather sweeping the center of the survey corrobo-rates the presence of 

N-S rupture zone. 

The main reflector is overlain by a pinching-out set of reflectors with a spatial distribu-tion 

suggestive of a channel margin. Mapping this channel margin reveals a sinistral dis-placement 

of ~45m, located 80 m east of the surface trace of Jordan fault,where it was trenched by a 

paleoseismic study (Marco et al. 2005). This suggests that the fault plane dips eastward, and 

during the last ~1m.y the fault trace has migrated westward.  

The leading subsidiary structure is a pair of narrow elongated ridge-trough striking 0250  on 

the eastern (Arabian) plate. We interpret this feature as a wrinkle with a wave length of ~150m. 

Such wrinkles have been recently reported from laboratory experiments under tension (Levy 

and Jaupart, 2010) and are produced under shear in our experiments (Medvedev, Agnon, 

Reches, 2011). All these observations amount to a new explanation for the widely documented 

flower structures encountered along strike-slip faults.
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shear wrinkles: a novel explanation for flower structures across 
strike-slip faults
Medvedev B.1,2, Agnon A.1, Reches Z.3
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A common interpretation of structures in seismic profiles across strike slip faults is the “flower 

structure”, appearing in two modes, “positive” for shortening and “negative” for extension. 

Seismic sections suffer from a lack of the third dimension. To explore the generation of flower 

structures and their growth, we designed a set of physical models using a layered structure of 

textile, “silly putty”, and clay. We slide two blocks covered by layered materials under sinistral 

strike slip, recording surface deformation every displacement interval of 1.5mm. Greased textile 

over two blocks of hard clay enable the genesis of elongated small amplitude ridges oblique 

to the major fault. We call these elongated ridges shear wrinkles. A bi-layer of greased clay and 

silly putty, shows shear wrinkles that evolve with displacement. The shear wrinkles develop at 

an angle of ~45o to the buried fault strike and with steps of displacement, the ratio between  

wrinkle length and width increases. Later on with horizontal displacement, perpendicular faults 

develop through the wrinkles. From this point, the wrinkles tear and the strike slip becomes 

the dominant feature. Field observations along the Dead Sea Transform (DST) suggest shear 

wrinkles. We searched for wrinkles in the Hula Basin and in the Beit Zaida Valley. In the Hula 

Basin a high-resolution seismic experiment shows a flower structure in 2D section, acquiring 

additional parallel dataset suggests wrinkles at an angle of ~30o to the major fault within the 

basin.

At the Beit Zaida valley results from a 3D experiment outline elongated structures at an angle 

of 250 NE to the mapped strike fault. Mapping these features using time slices and spatial 

interpretation reveals a set of wrinkles on a reflector identified with a basalt flow at a depth 

of ~100m (Medvedev, Agnon, Frieslander, this meeting). This observation is consistent with a 

nearby 2D seismic section previously interpreted as a positive flower structure. We suggest 

that flower strutures are the 2D expression of shear wrinkles across strike slip faults.
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Is there a critical depth in the oceans?  
A lesson from the Gulf of Aqaba
E. Meeder 1,2, Shaked Y.1,2, Lazar B.1
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2. Interuniversity Institute for Marine Sciences, Eilat 88103, Israel

The concept of a “critical depth” (ZCR) in the ocean, a depth where phytoplankton productivity 

equals losses (community respiration) was first mentioned in 1935 by Gran and Braarud and 

in 1953 was formalized by Sverdrup into the ‘‘Critical Depth Hypothesis’’. The critical depth is 

a function of light intensity and hence a phytoplankton bloom occurs after the winter when 

the depth of surface mixing layer (ZML) shallows above the critical depth. Until recently, 

this hypothesis served as the accepted mechanism explaining the initiation of the vernal 

phytoplankton blooms. Recent studies has been challenging Sverdrup’s concept showing that 

phytoplankton bloom initiation occurs in the winter when mixed layer depths are maximum 

(Behernfeld, 2010). 

In this study, we use nitrogen, the limiting nutrient for primary production in the Gulf of 

Aqaba (GOA), as a tool to analyze the dynamics of winter and spring blooms. We used the 

unique characteristics of the gulf that fluctuates seasonally between complete stratification 

during summer to very deep mixing during winter for estimating net community respiration/

production. Nine years of data show that depth integrated phytoplankton biomass was the 

highest during winter when ZML was deeper than Sverdrup’s ZCR. The exceptionally deep 

mixing of 2008 (ZML>860 m) provided a unique opportunity to estimate ZCR because the net 

phytoplankton biomass decreased and nutrients accumulated at the surface. According to our 

data from GOA we modified the classical critical depth hypothesis to include the probability of 

phytoplankton residing in the photic zone during mixing and nutrient availability.
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the deep geological setting of the golan heights and the adjacent 
dead sea fault branches
Meiler M., Reshef M., Shulman 

Department of Geophysics and Planetary Sciences, Tel Aviv University, Tel Aviv 69978, Isarel 

Interpretation of 25 depth-domain seismic images obtained over the Golan Heights (GH) 

enabled to elucidate and to define the concealed subsurface geological framework underlying 

the basalt covered plateau. 

Results of the seismic interpretation suggest that the Golan Plateau covers a large structural 

depression that constitutes the northern and the deepest part of the extensive Irbid–Golan 

syncline. The axis of the Irbid-Golan depression lies in NE direction, stretching from the Yahudia 

block in the SW to the Merom-Golan area in the NE. The deepest location interpreted within the 

study area is revealed in the north-eastern part of the Sea of Galilee. Within this deep Miocene 

basin, referred here as the Beticha Basin, the depth to the near base Tertiary, Near Top Jurassic 

and Near Top Paleozoic is calculated to 3,600m, 5,000m and 7,300m bellow MSL, respectively.

Within the Golan depression local undulations and small-scale structures are interpreted. Part 

of them originates due to close association with the Dead Sea Fault System (DSFS), whereas 

others root in much older, Mesozoic and even Paleozoic tectonic elements. Some of the younger 

structures and faults which are clearly DSFS related, are revealed as a Cenozoic reactivation of 

an older tectonic elements.

The sedimentary succession revealed beneath the volcanic sheets extends from the Late Proterozoic 

at the bottom to the Pleistocene basalts at the top of the section. The sedimentary succession is 

characterized by its northward and north-western dipping and as consequence, progressive basin-

wards thickening of the entire Phanerozoic succession towards the Hermon structure.

A total interpreted Phanerozoic and Infracambrian sedimentary column reaches a thickness of 

~ 8,5km. The minimum depth to the crystalline basement in the northern Golan is anticipated 

to exceed 8.5km. The thickness of the sedimentary cover diminishes to 5.5-6km at the southern 

GH, as the basement rises up towards the Northern Highlands and the Ajlun Dome in Jordan. 

The thickness of the principle stratigraphic units generally varies in order of tens to several 

hundreds of meters. The major exception is the Jurassic succession, which thickens dramatically 

from few hundreds meters at the Yarmouk area in the south to more than three kilometers at 

the Mount Hermon foothills in the north. Additionally, the thickness of the Neogene sediments 

shows a great variation along a short distance in west-east direction, reaching ~2,000m in the 

north-eastern shores of the Sea of Galilee, in the vicinity of the DSFS.

Three DSFS related fault strands are recognized in the subsurface of the GH: Sheikh-Ali, Shamir 

and Guvta Faults. The strands are interpreted beneath the basalt cover, extending into the 

Plateau at a considerable distance from their surface expression next to the Arabian-Sinai plate 

boundary frontier, exhibiting various styles of deformation.
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Application of 2-D source for seismic hazard assessment in Israel
Meirova T.1, Shapira A.2, Pinsky V.1, Perelman N.1

1. Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel
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234 Jaffa St., Jerusalem, Isarel

The SEEH procedure proposed by Shapira and van-Eck (1993), which is used for site specific 

seismic hazard assessments in Israel, allows prediction of the far-field spectral characteristics 

of ground motion by using the point-source spectral scaling model. The main purpose of this 

project is to improve the site specific seismic hazard assessment in Israel region by reducing 

the uncertainties associated with source scaling model using in SEEH procedure for ground 

motion prediction. 

We have implemented in SEEH procedure a concept of ground motion simulation for a large 

earthquake which is based on the simulation of several small earthquakes as sub events that 

comprise a large fault-rupture event. We utilized a widely used EXSIM technique of Motazedian 

and Atkinson (2005) to simulate near and far field ground motion and compared the ground 

motion from finite-source ground-motion simulation to observed motion. 

The modification to SEEH removed most of limitations of the method related to point-source 

modeling. The SEEH procedure can provide now simulations that are in good agreement with 

observations including the closest distances to the rupture. We compare EXSIM and SEEH 

simulations with observations over the frequency range of 0.1 to 15Hz.  All simulations are 

region specific, performed for the Israel region. Plots of response spectra are generally in terms 

of pseudo-acceleration response spectra (PSA). 
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crustal evolution in the northern Arabian-Nubian shield revealed 
by the Elat conglomerate detrital zircon archive 
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The final stages in the evolution of the Arabia-Nubian Shield (ANS) during the Late 

Neoproterozoic include the deposition of sub-aerial volcano-sedimentary sequence on top 

exhumed deep-seated plutonic-metamorphic rocks. The sediments in this sequence, known 

in southern Israel as the Elat Conglomerate unit (EC), consist primarily of sub-angular, poorly-

sorted breccias, whose clasts composition closely reflects their underlying basement. U-Pb 

dating and Hf isotopic analysis of single zircons from two samples of the EC is used here to 

examine ANS crustal evolution process in the Elat area. The U-Pb age spectra of the detrital 

zircons closely reflects the known magmatic history of the underlying basement, portraying 

two major magmatic cycles, early island-arc magmatism at 880-760 Ma and later post-collisional 

magmatism 670-580 Ma. Nonetheless, the presence of detrital zircons with strongly positive 

εHf(t) values and U-Pb ages of up to 1 Ga in the EC suggests that island-arc magmatism in 

the northern ANS started much earlier than previously thought. The great majority of detrital 

zircons in the EC display positive eHf(t) values, supporting previous isotopic evidence for the 

overall juvenile character of the northern ANS. εHf(t) values in the younger zircons derived from 

the post-collisional magmas are similar to those in the older zircons derived from the island-arc 

rocks, consistent with reworking of the island-arc crust during the post-collisional stage. The 

EC also record the occurance of pre-Neoproterozoic zircons and/or zircons with negative εHf(t) 

values in the Elat area. However, such zircons are extremely rare (4 out of 164 zircons studied) 

and probably originated as xenocrysts in some of the youngest post-collisional intrusions. This 

rarity of pre-Neoproterozoic crustal material stands in marked contrast with the abundance 

of zircons with negative εHf(t) values in the overlying Cambrian strata. The youngest zircons 

in the EC group at 590±4 Ma. This age is identical within the error to the age obtained for a 

late quartz-porphyry dike which intrudes the EC (585±16 Ma, Morag et al., 2011), marking the 

cessation of igneous activity in the northern ANS. Therefore, the deposition age of the EC is 

constrained to 590-570 Ma.
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the flooding potential of convective rain cells
Morin E., Yakir H.
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Flash floods caused by convective rain storms are highly sensitive to the space-time 

characteristics of the rain cells. In this study we exploit the high space-time resolution of the radar 

data to study the characteristics of the rain cells and their impact on flash flood magnitudes. 

Rain cell model is applied to the radar data of an actual storm and the rain fields represented 

by the model are further serve as input into a hydrological model. Global sensitivity analysis is 

applied to identify the most important factors affecting the flash flood peak discharge.

As a case study we tested an extreme storm event over the semi-arid Beqa catchment in 

southern Israel. The rain cell model was found to simulate the rain storm adequately. We found 

that relatively small changes in the rain cell’s location, speed and direction could increase flash 

flood peak discharge at the catchment outlet by three-fold. 

The suggested approach allows estimating flooding potential of convective rain cells over 

different catchments and finding the conditions at which flash flood magnitude is the highest. 

These magnitudes are also examined with respect to regional envelop curves.
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Submarine springs are a manifestation of a point source of Submarine Groundwater Discharge 

(SGD). Springs were located along the Dead Sea shore by ripples on the water surface at the 

(1) Ein Fesh’ha Reserve, (2) Samar Springs northward of the Wadi Darage estuary, (3) Qedem 

Springs in proximity to the Wadi Qedem estuary and (4) in Jordan southwards of the Wadi 

Mujib outlet. Some of the springs were observed as a dominant point source and others are 

complex, e.g., along a likely structurally-controlled lineament. Subaqueously the submarine 

springs form a vertical jet flow established at the spring source on the Dead Sea bed due to 

differences in hydraulic head and density.

In this study we estimate a spring discharge upwelling directly into the Dead Sea by means of 

physical measurements. A method was developed to measure the following parameters at a 

horizontal cross section through the center of the jet flow: 1 3-D velocity field monitored at 50 

Hz, (2) density, (3) temperature and (4) concentration of chemical species. The total discharge 

is calculated from the velocity field, while the spring water discharge is isolated according 

to mixing lines. Location of sensors in the center of the jet flow with centimeter accuracy is 

required as well as conditions without high or unsteady surface waves.

For isolating spring water discharge from the total discharge the spring sources of few 

submarine springs, representing end members, were sampled by professional divers who 

also photographed spring regions and enabled describing their morphology. These springs 

were observed in shallow water (up to 30 m) and were either isolated springs or part of a 

larger system. Some springs emerge from the vertex of an inverted, steep cone and some 

directly from the nearly flat Dead Sea bed. Cones of different sizes (few centimeters - meters in 

diameter) have been observed.

An artificial spring with a known discharge (10 - 12 cubic m/h) was established to estimate 

accuracy. Measurements were done at several distances from the spring source. Discharge was 

independently calculated at the different cross sections only from the velocity and density 

fields. The accuracy of major ion and isotope analyses was shown to be insufficient to quantify 
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the spring water portion in the jet flow. The temperature data are influenced by electromagnetic 

fields. Results show an average discharge under-estimation of 18% (range: 2 - 32%).

Integrating the measurements undertaken at different heights above the bed provides an 

empirical model of the overall flow field in this unique environment. As expected from jet flow 

characteristics, velocity increases and density decreases center-wards. Jet flow discharge and 

width increase and velocity decreases with distance from the source due to entrainment of the 

surrounding fluid.
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LiDAR monitoring of coastal cliff geomorphic response to an 
extreme winter storm with comparison to the decadal retreat rate 
of the cliff (Eastern Mediterranean sea, Israel)
Mushkin A., Katz O.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

The Israeli coastal cliff extends about 60 kilometers along the Eastern-Mediterranean shores. 

Cliff height rises up to 50 meters with outcrops of eolianites and paleosols. In the past 60 years 

cliff-top inland local retreat-rates of up to a few decimeters per year were recorded with a 

consequent hazard to infrastructure and shore communities. Cliff retreat is in general a result 

of wave induced slope-failure. In mid December, 2010 an extreme winter storm with up to 

10 meters high waves hit the Israeli coastal cliff, resulting in extensive slope failure. In the 

presented study we characterize the geomorphic response of the coastal cliff to this extreme 

winter storm using pre and post-storm high resolution ground-based LiDAR scans. Then, we 

compare the storm related retreat to the long term decadal retreat of the Israeli coastal cliff.

Pre and post-storm ground based LiDAR scans were acquired at 4 separate, ca 200 meters long, 

cliff stretches. The geomorphic response of the coastal cliff  to the storm included: (a) erosion 

and seaward washing of pre-existing landslides deposits with volumes in the order of tens 

cubic meters, (b) extensive slope failure (slumps, toppling and rock falls), generally from the 

lower half of the cliff with a consequent steepening of the cliff face, landslide cliff-parallel width 

is up to 10 meters and density is a few landslides per 100 meters, (c) erosion and seaward 

washing of the sand deposited on the shore below the cliff, (d) development of a terrace at the 

cliff base, terrace is up to 1.5 meters high and consist of eolianite pebbles with diameter of up 

to 0.3 meters. Post-storm cliff deformation includes continuous slope failure.

Measured retreat of the cliff face and cliff top as a result of the storm was up to a few meters.  

Considering the storm recurrence time of more than 20 years, the measured retreat is locally 

comparable to the decadal retreat rate. Our results indicate an increase in the rate of slope 

failure events in the months following the storm and that severe storms are a governing factor 

in the measured decadal erosion rates. 
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Gas migration from earth surface towards atmosphere is traditionally related to gas diffusion. 

Several other mechanisms were accounted to increase gas transport from the earth subsurface 

such as wind pumping effect, changes in barometric pressure and thermal convection 

flows in soil cavities and fractures. These mechanisms could be very important under some 

environmental conditions but are limited in their temporal and /or spatial appearance. In here, 

we propose an additional mechanism that appears on a daily basis over vast areas which can 

result in increasing of gas transport between earth surface and atmosphere. 

The proposed mechanism is based on thermal measurements conducted in-situ for chalk rock 

and in loamy soil at the Negev desert, Israel and on theoretical calculations of heat conduction 

in soils. Both theory and measurements indicate on a diurnal cycle of a heat wave in the matrix. 

At noon, maximal temperature is at land surface, as radiation and atmospheric temperatures are 

maximal. As atmosphere start to cool down, at the afternoon, the heat wave start progressing 

downward into the matrix and the peak temperatures are being observed below the surface. 

Maximal thermal gradient is measured during early evening, where the peak heat signal is 

at about 20 cm below surface. Maximum heat wave penetration depth was measured in the 

morning at depth of 60 cm. 

A non-linear proportion correlates vapor pressure and temperature. Temperature increase of 

few degrees results in increasing of vapor pressure by tens of percentages. Hence, assuming 

that matrix pores are partially wet, as temperature increase the pores vapor pressure would 

increase respectively. Consequently, following the heat wave cycle, a wave of changes in pores 

pressure is moving diurnally along the matrix vertical profile. These pressure gradients can 

potentially results in advective flows of pores air toward the atmosphere which are orders of 

magnitude faster than diffusion fluxes. This mechanism can explain some reported observations 

concerning high fluxes of CO2 and Radon from soils to the atmosphere late afternoon.  

The presented conceptual mechanism introduce a daily mechanism enhancing gas flux 

between the subsurface and the atmosphere which is mostly important for Carbon and 

Nitrogen cycles, vapor transport but also to other gases which may have great interest for soil 

and soil water contamination



Abstracts | 117
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New observations from trenches and the sub-surfaces
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The Jericho fault is considered a main segment of the Dead Sea transform that borders the 

Dead Sea basin from the northwest. Its surface trace is 15 km long striking generally to 100. 

A mega-trench 1500 m long, located near the Allenby border checkpoint reveals faulting and 

deformations of late Pleistocene Lake Lisan and post-Lisan sediments along a 150 m wide 

asymmetric fault zone with a total vertical displacements of 13 m (with fault planes dipping 

ESE). The wide fault zone is divided here to three main deformation zones exhibiting different 

structures. The northwestern zone includes tilted blocks separated by normal faults striking 

100 and 3500 with total vertical displacement of four meters. Intensive ductile deformation and 

mixing layers appear in the Lisan lakebeds associated with the faults in this zone. The central 

zone is characterized by a 20 m wide intense deformation with steep faults generally striking 

3500 and generating total vertical displacement of eight meters; strike-slip surface striations 

are associated with a few meters of horizontal displacement. Stratigraphy and structure in this 

zone indicate at least two major displacements events in the post Lisan sediments deposition. 

The southeastern zone includes tilted post Lisan sediments with minor faults and joints with 

preferred strikes of 3550 and 850. One fault branch in the southern part of this zone displaces 

recent sediments by one meter and therefore indicates Holocene activity of the fault.  Two 

new high-resolution seismic lines reveal the shallow sub surface structure of this fault and 

demonstrate intensive recent deformation in a wide asymmetric fault zone. Our observations 

and structural analysis, together with additional field and seismic observations across the fault 

south of the trench indicate that Jericho fault is an active oblique strike-slip fault. Our efforts 

are continued toward characterizing the recent displacements along this active fault.
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A portable wind tunnel for field experiments of aeolian processes 
and desert dust emission
Naveh C. I., Bar (Kutiel) P., Katra I., Laronne J.B.

Department  of Geography & Environmental Development, Ben Gurion University of the Negev, Beer-

Sheva 84105, Israel

Aeolian erosion of dust-sized particles is significant for environmental issues such as 

soil degradation and air pollution. Estimates of dust emissions from various sources vary 

considerably due to a dearth in field data and to the wide range of underlying assumptions 

about variability of surface properties. A portable wind tunnel has been designed to study 

aeolian erosion and dust emission from source areas. The portable wind-tunnel allows 

simulation and quantification of high-resolution aeolian processes on natural, non-imitated 

surfaces under standardized, quasi-natural wind conditions. Instruments installed in the 

test section of the wind tunnel enable continuous real-time measurements of wind speeds 

in vertical and horizontal cross sections to determine shear velocity, horizontal and vertical 

sediment flux, and suspended dust concentration including total suspended particles (TSP), 

PM10 and PM2.5. Collected sediment samples in the test section are analyzed in the laboratory 

for particle size distribution, chemistry and mineralogy. Preliminary field experiments of aeolian 

erosion demonstrate the impact of surface variability at a plot scale on dust emission in space 

and time. Higher emission rates of TSP and PM10 over time were observed in disturbed loess 

surfaces compared with undisturbed surfaces in a semi-arid area.
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seismic characterization of Lake Kinneret basin
Navon H.1, Wust-Bloch H.1, Hofstetter R.2, Ben-Avraham Z.1
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Due to the sparseness of permanent seismic stations around the Kinneret basin, a series of four 

portable mini-arrays were deployed in order to complete existing seismic catalogs. The weak 

seismicity characterization and events location provides new insights in the local activity of the 

active Dead Sea Transform (DST).

Arrays were deployed for a period of twelve months along the northern and eastern coast of 

Lake Kinneret. Locations of the portable mini-arrays were chosen on both sides of the DST, 

outlining a rectangle of about 8 by 13 km. Each array consists of three vertical-component 

(1Hz) sensors arranged in a tripartite layout with an aperture of 30 to 70 m around a central 

three-component (1Hz) sensor. The data were recorded in continuous mode at a sampling rate 

of 250 Hz. 

Although the arrays were located within inhabited areas, 58 high-SNR and several dozens of 

lower-SNR microseismic events were detected between March and November 2010. The short 

source-to-sensor distance of neighboring active quarries enables a reliable discrimination 

of non-natural sources. This discrimination is further validated using quarries reports. With a 

detection threshold reaching -1.4 ML at about 3.5 km, this catalog of local events has a lower 

level of completeness than the available regional catalog. 

Locations of the events show clusters of enhanced seismicity and zones without seismicity. 

The non-uniform spatio-temporal event distribution and P-phase delays will be discussed as a 

function of known tectonic features of the DST.

The characterization of local events recorded by the mini-arrays is compared to that of GII 

(1986-2010) catalog (376 events). The integration of both data sets validates a dual monitoring 

approach, whereby the spatial resolution of long-term seismicity is increased within the 

Kinneret basin. 
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Diamonds: a window to the Earth’s interior
Navon O., Weiss Y.

The Fredy and Nadine Herrmann Institute of earth Sciences, the Hebrew University of Jerusalem, 

Edmund J. Safra Campus, Israel

Seismic waves and other geophysical observations allow us to image the deepest parts of 

Earth’s interior.  Direct sampling, on the other hand, is limited to the depth from which xenoliths 

are trapped in ascending magmas.  Most are carried by basalts and sample only a few tens of 

kilometers, but kimberlites bring samples from the upper 200 kilometers.  The best preserved 

samples are those that were trapped in diamonds and were not affected during ascent.

Mineral inclusions in diamonds are mostly silicates, oxides and sulfides and tell us that most 

were formed in a few main episodes during the last 3.3 Ga, in peridotitic or eclogitic rocks at 

depth of 150-220 km and temperatures of 900-1300°C within the sub-continental lithosphere.  

Fluid inclusions found in fibrous diamonds carry melts from which their host diamond grew.  

Our studies concentrate on the composition and evolution of these fluids.

FTIR of inclusion-rich, cloudy regions of the diamonds reveals the presence of carbonates, 

silicates, and phosphates in the inclusions, along with hydrous solution.  TEM of individual 

inclusions (a few hundred nanometer in size) confirms the presence of the mineral phases and 

adds chlorides to the assembly.  Each inclusion carries a multi-phase assemblage and a vacancy 

which probably held hydrous solution, suggesting that the minerals are secondary phases that 

grew from a melt after it cooled, leaving a residual solution. 

EPMA provides bulk chemical analysis of whole individual inclusions.  The chemical analysis 

agrees with the composition estimated based on the IR absorption (with excess potassium 

probably dissolved in the hydrous phase).  Analysis of ~50 individual inclusions in each diamond 

reveals that most diamonds trapped a uniform fluid, but their composition may vary from 

diamond to diamond.  The trapped fluids range between silicic melts, rich in K, Al and water, 

to low-Mg carbonatitic melts, rich in Mg, Ca, Fe, K, Na and carbonate.  Others carry saline melts 

rich in K, Na and Cl with variable amounts of carbonate and water.  In two localities, Siberia and 

Guinea we found diamonds which carry a fourth end-member, a high-Mg carbonatitic melt.  

A few diamonds exhibit zoning that in most cases represents two or more growth episodes.  

SIMS analysis of carbon isotopes in these zoned diamonds indicates that the diamond carbon 

came with the fluids.

Trace element analyses of the inclusion-rich zones, using LA-ICPMS, reveal extreme enrichment 

in incompatible elements, even higher than that of kimberlites.  The major element compositions 

are not far from those of kimberlites, but differ mostly in their higher content of water, carbonate 

and potassium.  It is clear that the diamonds did not grow from kimberlites, rather, the trapped 

melts and the kimberlites were formed by related processes.
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Long-term impacts of draining the Hula Valley wetland on Lake 
Kinneret 
Nishri A.

Israel Oceanographic and Limnological Institute- Kinneret Limnological Laboratory, Migdal 14950, Israel  

During the 1950s, the shallow Lake Hula and its adjacent marshes, located in the watershed of 

Lake Kinneret (LK), were drained in order to increase arable land and this led to a sequence of 

chemical and biological changes. The drainage resulted in increasing loads of nutrients in the 

Jordan River, due to agricultural activities, and in oxidative degradation of the underlying peat, 

followed by Aeolian (mostly) and riverine transport to LK. Peat had been accumulating in LK 

bed sediments since the 1950s, with peak deposits recorded in the mid-1970s. 

The routine monitoring of Norg and Corg, associated with the peat, in the watershed streams 

and in LK water (initiated in 1970) also showed the highest levels in the mid-1970s. During the 

1980s, a succession of dense natural vegetation inhibited soil surface erosion and a decline in 

Aeolian transport of peat to LK was recorded. Inversed temporal patterns appear for oxygen 

and pH, and this is suggested to result from the dependence of these parameters on the 

magnitude of respiratory process, induced by peat availability. 

During the 1970s allochthonous peat resources supported about half of the zooplankton 

activity in LK and therefore the 1980s decline in peat availability was accompanied by a two-

fold decline in zooplankton biomass. The subsequent lessening of grazing pressure together 

with the elevated inflows of bio-available P resulted in a significant rise in LK phytoplankton 

biomass. The 1980s decline in the Norg associated with the peat led to lower N/P ratios in the 

external sources of nutrients to LK. These conditions may have favored the appearance of N2 

fixing cyanobacteria noted in the lake since 1994.
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the lowest place on earth is rising due to the dead-sea water level 
drop: evidence from insAR time series analysis
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The Dead-Sea water level has been dropping in recent decades at an average rate of about 1 

meter per year. It is expected that such a water level change can cause lithospheric rebound 

and uplift, with spatial extent that is controlled by the effective mechanical behavior of the crust 

and upper mantle combined. The uplift is expected to decay with distance from the Dead-Sea 

shoreline. In quest for the lithospheric response to water level drop, we analyzed 31 Synthetic 

Aperture Radar (SAR) images of satellites ERS1 and ERS2 descending track from the years 1993 

to 2001, which were processed into 167 short perpendicular baseline (<300 m) interferograms. 

Our analysis assumed constant line-of-sight (LOS) rate, because conventional unconstrained 

time-series approach failed to resolve the expected rebound. Data selection, processing and 

analysis are designed and optimized to overcome the presence of strong atmospheric phase 

delays. Despite the low signal-to-noise ratio of individual interferograms, we show that the 

lithospheric response to the water level drop is well resolved. Our calculations indicate a 2.5-4 

mm/year maximum LOS uplift rates near the Dead Sea shorelines. Our result is consistent with 

the observed vertical motion at two permanent GPS sites within the study area (DRAG and 

JSLM). Finally, we show that a simple homogeneous elastic half space model, with Poisson’s 

ratio of 0.25 and Young modulus of 30 GPa provides good fit to the observed LOS rates.
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Groundwater flow patterns adjacent to long-term stratified 
(meromictic) lake
Oz I.1,2, Shalev E.2, Gvirtzman H.1, Yechieli Y.1, Gavrieli I.1

1. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel

2. Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

During the 20th century, the Dead Sea level has dropped by more than 34 meters as a result of 

anthropogenic intervention in its water balance. Recently, Israel and Jordan jointly announced 

their interest in saving the Dead Sea by constructing the “Peace Conduit” that will transfer 

water from the Red Sea to the Dead Sea.

The inflow of seawater to the Dead Sea, will have a major impact on the lake structure, in addition 

to raising its water level. The mixing of the Red Sea water is expected to change the lake from 

a holomictic one, that overturns and mixes once a year, back to a stratified - meromictic one. To 

the best of our knowledge the response of the fresh-saline water interface in coastal aquifers 

to changes from holomictic to a meromictic lake has never been studied before. Therefore, the 

objective of this present study is to quantitatively evaluate the steady state configuration of 

the groundwater and the flow regime within a homogenous aquifer adjacent to a stratified 

lake, using the Dead Sea as a case study. The high density difference that will develop between 

the upper mixed layer and the lower water column of the Dead Sea, make it an ideal case study 

to understand such processes, even though it is rarely found in other natural systems. 

In the first stage of the study conceptual and numerical models were developed. The 

conceptual model provides a basic assessment of the steady state shape and position of 

the interfaces between the water bodies in the adjacent aquifer, using the basic Ghyben - 

Hertzberg approximation. In the numerical model, we used COMSOL Multiphysics (FEMLAB 

3.5a) in order to quantitatively evaluate the coupled fluid and solute transport equations. 

The results of the numerical simulations, assuming steady state conditions, show that three 

interfaces are formed within the coastal aquifer. The top one is between the fresh groundwater 

and the seawater, the one further below is between the seawater and Dead Sea brine, while 

the furthest one from the coast is between the fresh groundwater and Dead Sea brine. The 

groundwater flow is characterized by two circulation cells that discharge to the lake along 

the interfaces. Sensitivity analyses to variations in two limnological parameters (density and 

thickness of the mixolimnion) reveal that only a thick mixolimnion and relatively large density 

differences between the three water bodies in the aquifer enable the intrusion of mixolimnion 

water and the creation of this unique groundwater configuration and flow patterns.

In the second stage we use physical model to validate the results provided by the numerical 

model. Preliminary results of laboratory experiments, using different initial and boundary 

conditions, are consistent with those of the numerical model. 
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composition and alteration processes in the source regions of 
desert dust that settled in the Red sea during MIs6/5 and MIs2/1 
transitions
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The Red Sea (RS), situated between the Sahara and Arabia deserts, is an ideal archive for 

reconstructing dust sources and atmospheric circulation in this low-to-mid latitude region. 

Here, we explored the mineralogy, grain-size, major and trace element chemistry and Nd-Sr 

isotope composition of fine-grain material (<63µm) recovered from the sedimentary core KL-

23, which was drilled in the northern edge of the RS (25˚44´88N 35˚03´28E). The chronology 

of the core is based on the SPECMAP δ18O age model, suggesting that the core represents 370 

ka of deposition and contains several glacial and interglacial cycles, termed as MIS1 to MIS11. 

We focus on two time intervals that cover the transition from glacial to interglacial conditions: 

MIS6 to 5 and MIS2 to 1(~ 160-110 kyr BP and 20-8 kyr BP, respectively). The analyses were 

performed on the carbonate-free fine detritus <63µm that is interpreted as desert dust. Nd-Sr 

isotopic ratios indicate that the dust in this region was influenced by two main lithological 

sources: “granitic” source with εNd < -8 and 87Sr/86Sr > 0.711 and a source with more “basaltic” 

composition: εNd > -4 and 87Sr/86Sr < 0.709.  The “granitic” source was more dominant during 

glacial intervals, while the “more basaltic” source became dominant immediately after glacial 

termination and transition to interglacial. This may indicate an enhanced erosion of the basaltic 

terrains in the Arabian-Sahara crustal terrains upon the transition to interglacials (e.g. sapropel 

events that drain the basaltic terrains of the Blue Nile source). Similarly to the isotopes, major 

and trace elements show significant variations upon the glacial-interglacial transitions, but 

also reveal different effects of diagenetic –alteration processes. For example the glacial and 

interglacial samples are characterized by a distinct Al concentration along with significant 

“internal” variations of elements like Na or K.  It appears that the gradients of change (e.g. Na 

vs Al) are more pronounced during interglacial reflecting possibly enhanced alteration during 

wet periods in the basaltic source regions. The closest possible sources for the more “basaltic” 

component are the Neogene-Quaternary basaltic fields located on the eastern side of the RS, 

suggesting higher frequencies of easterlies during interglacials.
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Experimental study of local site effect for seismic hazard 
assessment at area of the chemical plant in the north-western 
region of israel
Perelman N., Zaslavsky Y.

Geophysical Institute of Israel, P.O.Box 182, Lod 71100, Israel

At the request of the client (Chemical Plant in North-West region of Israel), the Seismology 

Division, Geophysical Institute of Israel, carried out a series of measurements and calculations 

for experimental study of local site effect and for seismic hazard assessment in the area of the 

Chemical Plant. The site response to seismic waves was determined empirically using ambient 

noise measurements at 32 locations during four days, and of these two permanent stations 

were instrumented for seismic events recording. Each temporary seismic stations is equipped 

with one vertical (V) and two horizontal seismometers oriented north-south (N-S) and east-

west (E-W). To increase the dynamical range of the data acquisition of permanent stations two 

sets of seismometers: are used with amplification of 52 dB and 40 dB. Six earthquakes with 

magnitude varying from 3.0 up to 5.0 and at epicenter distances from 55 up to 740 km were 

recorded at the period between July 22 and November 12, 2008.

The site response function was estimated using two empirical techniques:

• The Nakamura technique, which implies that the response function on the first approximation 

is the spectral ratio between horizontal and vertical components of the ambient noise. The 

general feature of the response characteristics of the investigated area is high spectral ratio in the 

frequencies range 0.7-1.2 Hz and 3.5-4.0 Hz with an amplification factor that may reach 3.5-4.0

• Receiver function, which is horizontal-to-vertical spectral ratio obtained at the site from 

earthquakes (shear-wave). The results of earthquake records at two permanent stations confirm 

results obtained from ambient noise. 

Observed functions were modeled using computer program SHAKE. To develop the analytical 

subsurface model we used geological information, borehole data and results of the refraction 

survey of S and P-velocity. The program, based on the stochastic optimization algorithm is 

applied to approximate the spectral ratio by theoretical function in the best way, considering the 

dominant frequency, its level and the shape of the H/V curve. This function was used for seismic 

hazard assessment using SEEH (Stochastic Estimation of Earthquake Hazard (SEEH) program.

The hazard is defined here in terms of Uniform Hazard Site-specific Acceleration (SA), Velocity 

(SV) and Displacement (SD) response spectra for a probability of exceedance of 5%, 3.3%, 2.5% 

and 2% in an exposure time of 50 years, assuming damping ratios 13%, 10%, 8%, 5%, 3%, 2.0, 

0.5%. Each acceleration spectrum was divided into sections and then each section was fitted 

by linear or hyperbolic equations: a + bT, or c/Td, where T is period, [s].
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Zircon U-Pb-Hf of the Neoproterozoic and cambro-Ordovician 
sequences from the central Western taurus: Implications for 
provenance and North Gondwanan crustal evolution 
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The Tauridic Cambro-Ordovician sedimentary sequence overlies Late Neoproterozoic 

metasediments and associated felsic igneous rocks. 

U-Pb-Hf analyses of detrital zircons from Neoproterozoic proximal sediments (the Bozburun 

Dag schist and a local arkosic unit in Sandıklı), yielded results dominated by a signature of 

a juvenile, Neoproterozoic terrain, thought to be the Arabian-Nubian Shield, together with a 

weaker, older signature, thought to have been derived from a local basement. This basement is 

further characterized by the analysis of a late Neoproterozoic (551 ± 1.5 Ma) rhyolite intruding 

it (Sandıklı area) and bearing its signature in inherited zircons. εHf(t) values of 551 Ma old zircons 

in this rhyolite range between -3 and -5, indicating a contribution of an older crust, a feature 

supported by the presence of inherited zircons of 2000 and 2500 Ma. Accordingly, 551 Ma old 

zircons Hf TDM2 ages concentrate around 1.6 Ga. 

As a whole, the data obtained imply an ancient crustal component underlying the central 

Western Taurides. It is no younger than 1.6 Ga but could be much older, as the εHf(t) values are 

most probably a result of magma mixing.

The detrital zircons U-Pb-Hf signature in the overlying Cambro-Ordovician (the Celiloεlu, Hüdai 

and Seydiεehir formations) sequence indicates greater proportions of older-aged terrains, some 

remobilized during the Pan African orogeny, such as the Saharan Metacraton and the terrains 

flanking the ANS from the south-east. Overall the content of these sedimentary sequences 

indicates derivation from a more distal source, consistent with their significant mineralogical 

maturity. Kibaran (1000-1200 Ma) aged zircons make up as much as 23% of the Lower Cambrian 

Hüdai quartzite, this signal weakens upwards in the sequence, amounting to less than 10% in 

the Seydiεehir sandstone overlying it. This signal is practically absent from units underlying the 

Hüdai. It is worth to mention that Tonian (850 to 1000 Ma) zircons are a ubiquitous component 

in all of the units of the Western Taurides. The overall signal indicates a similarity between the 

Tauridic Cambro-Ordovician sequence to that of the Arabian platform in Israel and Jordan.
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3D crustal Velocity structure Using Long-term continuous bb Data
Pinsky V.1, Meirov T.1, Hofstetter A.1, Levshin A.2, Ritzwoller M.2, Barmin M. 2
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We utilised BB recordings of the 30 temporal BB stations participated in the Desert2000 

experiment (2000-2001) and permanent BB stations of the Israel seismic network to extract 

underlying 3D crustal P and S velocity structure.

For this purpose we used the long term cross-correlation functions of the noise, and the Rayleigh 

wave group velocity dispersion curves analysis and followed in general the methodology of 

Bensen et al, 2007 including noise amplitude normalization in time and frequency domains, 

surface wave tomography and finally monte-carlo inversion of the tomography maps. The 

research resulted in the Rayleigh wave group velocity maps in the period range (5-20 sec) and 

P and S velocity maps at the depth range (5 – 15 km), bearing four main velocity anomalies. Two 

of them are outlined by the previous reflection-refraction profiles and body wave tomography 

studies, i.e. a low velocity anomaly corresponds to the area of the extremely deep (down to 

14 km) sedimentary infill in the Southern Dead Sea Basin and a high velocity anomaly in the 

Southern Jordan corresponds to the area of the Precambrian crystalline rocks of the Nubian 

Shield on the flanks of the Red Sea. The two hypothetical anomalies - the high velocity zone 

close to the Beersheba city and low velocity anomaly in the region of Samaria-Carmel mountains 

- Southern Galilee need further investigations for approving and contouring. The highest 

contrast between the average Rayleigh wave group velocity (2.7 km/s) and the anomalies is 

10-13%, comparable however to the level of noise in the data. The work was complemented 

by modelling of the revealed anomalies and checkerboard resolution test, which showed 

that these zones could be detected by the tomography studies but probably with somewhat 

distorted shapes and shifted positions.
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Hula rhomb shaped basin  inversion – geophysical evidences 
supported by analog clay model
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A striking surface feature of the Hula basin (HB) is the inversion of the rhomb shape: the 

contour of the young basin fill follows a rhomb consistent with dextral strike slip whereas the 

basin subsides along the sinistral Dead Sea transform (DST). This work aims at explaining the 

morphologic inversion of the rhomb shape. 

Recently reinterpreted seismic and gravimetric data identify fault branching inside the HB 

(Politi, Msc. thesis, 2011). The Jordan fault, manifesting DST south of HB, branches to the north 

around the historical lake. The branches feed the Yammounneh fault to north-west, and the 

Sion-Rachaya-Serghaya fault chain to north-east. The new findings support our hypothesis of 

evolving fault branches during basin formation and subsidence. 

The inversion is related to branching of DST that postdates basin initiation. Such branching 

is inferred for the Hula basin from several lines of evidence (geophysics together with fault 

and earthquake mechanics). We examine this hypothesis using a clay model where branching 

appears after initial subsidence. Indeed the initial rhomb is consistent with the pull apart 

model for sinistral slip, and branching inverts the rhomb. This may be an explanation to similar 

inversions elsewhere.
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OsL dating of archaeological terraces at Ramat Rachel
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During the 2009 archaeological excavation season at Ramat Rahel, a new project of landscape 

archaeology was initiated on the slopes west and southwest of the site’s summit, an area which 

was not severely damaged in recent years by modern constructions and was available for field-

work. These slopes were used throughout history primarily for non-habitation purposes. The 

project aims at deciphering the change of landscape from its past natural form to this day, 

with relation to the periods in which the site of Ramat Rahel was inhabited. Specifically, can 

we correlate between the main period the place was inhabited and the date of agricultural 

activities conducted at the outskirts of the settlement?

The slope is made of soft chalk of the Menuha formation, covered by a thin cap of nari which 

contains chert nodules originating in the Mishash formation, presently exposed only on the 

ridge east of Ramat-Rahel. The soil is light Rendzina.

The method chosen was to incorporate archaeological field work and research with OSL dating. 

We examined historical documents and studied mid-late 20th century air photographs and 

maps. This was followed by a detailed survey and small-scale excavations of some of selected 

terraces and walls. 11 test pits, located at different terrace walls, were excavated up to bedrock. 

For OSL dating ~ 20 samples were collected from the sediment infill.

The terraces are filled mostly with local Rendzina soil, however at places red soils, possibly Terra 

Rosa, are found. The excavations revealed at least three phases of terrace building which could 

only be relatively dated in to early and late. We also noticed the bedrock was worked prior 

to the terrace building phase.  The OSL ages range from early Holocene (8-12 ka) for some of 

the underlying red soils, to ~180 years at the top of one terrace fill. The terrace fill ages cluster 

into three major periods, Late Byzantine/Early Islamic (1200-1400 years ago, ~600-800 AD), Late 

Middle ages (700-900 years ago, ~1100-1300 AD) and early Ottoman (400-500 years ago, 1500-

1600 AD). Most terraces are of a single age period. These results seem to correspond well with 

the three relative phases noticed in the excavations. While the important periods of settlement 

at Ramat Rachel were the Iron and Persian (700-400 BC), these periods are not found in the 

terraces but the earliest phase of cuts in the bedrock could probably be related with these 

periods. Possibly, the slopes were not terraced during the earlier periods, or older terraces were 

eroded and did not leave any trace in the landscape.
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Development of skid resistant hot asphalt mixtures using diluted 
amount of basalt aggregates
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The production of HMA in Israel relies on the Basalt & Dolomite aggregates. The Israeli 

specifications require exclusive usage of Basalt aggregate for the wearing course, in major 

highways owing to its superior polishing resistance (PR). Extensive usage of Basalt aggregate 

caused a shortage, resulting in prices rises and projects delays. The INRC initiated research to test 

the possibilities of partially replacing some of the Basalt with Dolomite, while still maintaining 

proper skid resistance (SR).  The research phases were: 

1 Literature survey indicating that controlled blending of high and low PR aggregates is an 

accepted procedure among road authorities internationally.

(2)  Extensive laboratory tests of PR (mainly PSV), with varied combinations of Basalt and 

Dolomite mixtures, establishing the feasibility of reducing the percentage of Basalt in the HMA 

by 40%.

 (3) Constructing a four kilometer test section with various HMA mixtures, composed of Basalt, 

Dolomite and controlled Basalt-Dolomite mixtures (black&white, “ZEBRA” appearance). The 

“Zebra”, Z-AC mixture met the acceptance specification requirements.

 (4) Field performance monitoring proving that the SR of the Z- AC mixtures were  superior to 

the Dolomite’s and close   to Basalt’s.

Based on these findings, the Z- AC mixtures were introduced to the INRC’s specifications and 

design guidelines.
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Dating boulder falls using terrestrial cosmogenic nuclides – 
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Dating exposure ages using terrestrial cosmogenic nuclides (TCN) is a common practice in 

geomorphology and can, for example, be used to date fault scarps, alluvial terraces, debris 

flows, or boulder falls. When dating exposed boulder or cliff faces it is necessary to consider 

several factors such as site-specific production rate, inherited TCN concentration, and erosion.

Along the southern margins of the Dead Sea rift boulder piles are found next to their original 

cliffs. The scenario in which huge boulders (> 16 metric cube) detach instantly from their 

source cliff offers, allegedly, a relatively simple case for cosmogenic exposure dating. Prior 

to the boulder fall both boulder and cliff were identically shielded and thus an identical TCN 

concentration accumulated in both. Since detachment, the geometry and shielding around the 

boulders and cliff differ. Thus, each sample has been exposed to a different cosmic flux and the 

cosmogenic nuclide production rate differs as well. In this hyperarid environment the exposed 

faces of boulders and matching cliff scars insignificantly erode and TCN are not removed by 

erosion. Hence, cosmogenic exposure dating can be applied if TCN inherited concentration 

and production rates are known. Unfortunately, determining both is not straightforward. 

Twenty seven TCN and seventeen optically stimulated luminescence (OSL) samples were 

collected from sandstone boulders concentrated in four boulder piles in Nahal Shehoret 

area, southern Israel. TCN samples were collected from detached boulder faces and have 

the potential of dating the exact fall time. OSL samples were collected from sediment that 

accumulated behind boulders, and thus represent post fall ages. Simple TCN and OSL analysis 

indicate maximum ages of 5-8 Ka for all boulder falls.  

In order to use TCN to accurately date boulder falls the inherited component must be addressed 

as well as the shielding factor of the cosmic ray flux. The accumulation of inherited TCN depends 

on surface denudation rate and is calculated from the TCN concentration measured in samples 

collected from surfaces above the investigated boulders. We show that in the Shehoret area 

erosion rates are not constant, and in some cases alternating exposure and coverage periods 

prevent direct exposure age calculations. However, when combined, the TCN and OSL samples 

enable to calculate a probable model age for the boulder falls by reconstructing cosmogenic 

depth profiles for each site, and thus better estimating the inherited component. Topographic 

shielding around each sample was measured applying three different calculation methods. 

Boulder fall ages that range between 1-3 Ka, significantly younger than the simple exposure 

ages, are calculated using the model–derived inherited TCN component and the most accurate 

shielding factor.  
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Evaluation of the regional heat flow, temperature amplitude and 
geothermal potential in the hydrological basins in the Golan-
Ajloun area.
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A heat anomaly in the form of heated ground-waters is detected in the lower Yarmouk gorge 

in northern Israel and Jordan states. These hot ground-waters appear in a sequence of springs, 

Hammat Gader  and Muheibe springs. These springs had a primary (before water draw began) 

large outflow estimated to be of 44 mcm yr-1 . In the early 1980’s, a series of wells that were drilled 

within the Yarmouk lower basin from the two sides of the border revealed high temperatures 

in relatively shallow depth, (i.e in Mezar-1 well a temperature of 79.2oC was recorded at depth 

of 1230 m). Most of the wells are also highly artesian. Previous studies attributed this heat 

anomaly to the extensive volcanic activity (LVP volcanism), occurred from Miocene up to 

Holocene. Several studies suggested the possibilities for geothermal utilization in this area. 

In the present research we examine the geothermal state of the Golan-Ajloun region using a 

computational 2D analysis for ground-water flow and heat transfer. The cross section for the 

2D analysis is from the Hermon to Wadi Zarqa gorge (north Jordan) and includes the geologic 

section down to Triassic. There is a large ambiguity concerning the origin of the hot-saline deep 

ground-water component discharging in the lower Yarmouk springs (estimated to be 10-20 

mcm yr-1 from the total 44 mcm yr-1 discharge). Two representative scenarios were tested. One 

represents possible forced convection ground-water flow mechanism that involves circulation 

in deep horizons and ascends of ground-water to the surface in the lower Yarmouk gorge. 

The second scenario represents possible free convection ground-water circulation (convection 

cells). Both scenarios indicate the existence of regional high heat flow, neglecting previous 

suggestions involving deep ground-water circulation under normal heat flow to produce 

the heat encountered in the lower Yarmouk gorge. In the examination of the first scenario, 

a minimal average heat flow value was calculated for the tested area, of above 100 mw/m2, 

the second scenario indicated significantly higher heat flow value. The numerical analysis 

results also show that consistent cooled rainfall percolation to the subsurface and massive 

shallow ground-water circulation does not allow significant shallow heating. The above results 

encourage further exploration concerning the understanding of the heat pattern and source 

in the area, and also the examination of possible geothermal utilization.   
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Lake Kinneret is located in Kinnarot-Bet Shean basin, one of several basins along the Dead Sea 

Fault (DSF). This N-S oriented fault system is a tectonic boundary between the Arabian Plate and 

the African Plate, producing a transform fault. The lake is situated within a large volcanic field, 

filled with basalt flows of various ages. A previous magnetic survey was carried out in 1980, 

with survey line spacing interval of 1 km. No magnetic anomalies were found in the central part 

of the lake. Local magnetic anomalies were detected along the lake margins. Another unique 

magnetic feature was detected in the southernmost portion of the lake, where there seems to 

be a change in the magnetic field pattern.

In summer 2008, magnetic data was collected in Lake Kinneret as a part of high resolution 

geophysical survey that was conducted onboard the R/V Lillian. The measurements were taken 

using a Geometrics G-881 Cesium magnetometer with an accuracy of 0.05 nT. About ten million 

measurements were made along more than 1,600 km of track at 1-10 m spacing, assuring a 

micro-magnetic survey. Base station data was taken from the Bar-Giora Magnetic Observatory, 

about 120 km southwest of the lake.

The data was processed using Geometrics software (MagMap2000). First, spikes were removed, 

and then the data was corrected for diurnal variations according to the Bar-Giora base station 

data. Additional processing was made using MagPick, and included: exclusion of low-signal 

values, removal of profile turns (both automatically and by hand), slight smoothing and de-

spiking. Smoothing was made using robust filter. De-spiking focused on remaining spikes, 

deriving from simultaneous seismic sparker measurements. Finally a grid was created in 

spacing of 10 m using the Minimum Curvature interpolation method.

The first step of the analysis is to understand the differences between low resolution (1 km line 

spacing) to very high resolution (1-10 m measurement spacing) magnetic survey. Initial results 

of the newly obtained data from the southern part of the lake are presented and compared 

to the previous survey in 1980. The difference in measurement resolution and line spacing 

between the two data sets varies by several orders of magnitude, thus revealing numerous 

new features, absent in the previous data.

This study is a part of the first author’s Master thesis, in which a magnetic anomaly map will be 

compiled. We hope that the interpretation of the new high resolution data will achieve a better 

understanding of the lake’s magnetic and tectonic pattern.
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The precipitation of gypsum from a 0.7 m ionic strength concentrate in the presence of 

a phosphonate antiscalant (PermaTreat, PC-191) was studied at a pH range of 2-7.4. The 

concentrate, originating from a desalination plant, precipitated a massive gypsum scale 

in its discharge pipe despite the presence of the antiscalant. In the discharge pipe, a sharp 

drop in the concentrate pH occurred when an acidic effluent (pH<2) was introduced. Batch 

experiments were conducted in order to study the relevant chemical conditions that lowered 

the effectiveness of the antiscalant and led to the scale formation. It is shown that the antiscalant 

is effective in postponing nucleation and hindering the crystal growth kinetics of gypsum in 

the supersaturated concentrate at neutral pH. However, as pH decreases both nucleation and 

crystal growth accelerate. 

A single general rate law that describes the crystal growth of gypsum as a function of pH 

was fitted to the experimental data. It is hypothesized that protonation of the antiscalant 

functional group at acidic pH decreases its adsorption efficiency to the reactive surface sites 

of gypsum, and therefore the precipitation rate increases. In accordance with this hypothesis, 

the dependence of the rate coefficients on pH is in agreement with a rate law in which the 

effectiveness of the antiscalant depends on its surface adsorption. 

Finally, the precipitation rate of gypsum in the discharge pipe was investigated with the 

laboratory rate law and adsorption model. By this up-scaling it is shown that gypsum 

precipitation in the discharge pipe occurs even in the absence of the acidic effluent and despite 

the fact that it could not be analytically detected.
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Widespread episodic Latest Pleistocene and Late Holocene dune 
dammed standing-water deposits in the northwest Negev
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Episodes of dune encroachment from the northern Sinai Peninsula into the northwestern 

Negev (dunefield), mainly at ~23 ka, ~18-10.4 ka (the main dune encroachment) and ~2-0.8 ka, 

were accompanied by widespread damming of wadies by the dunes. The dune dams formed 

standing-water bodies that deposited paludal sediments. The paludal sediments are mainly 

found along the contact of wadies with the southern and eastern dunefield fringe. The ponded 

water extended upstream and into interdune corridors, depositing light grey silty loam layers. 

Several of the deposits were dated by 14C to the late Pleistocene (Magartiz and Enzel, 1990, 

Goring-Morris and Goldberg, 1991). Using luminescence methods, Rendell et al. (1998) dated a 

section at Halamish to 11-15 ka and Ben David (2003) dated two sections, Nahal Nizzana and 

Nahal Lavan, to 9.3 ka and ~1.2-3.5 ka, respectively. 

This work maps these deposits by supervised classification of Landsat TM images, augmented 

by field surveying along wadies and stratigraphic sections of outcrops. Granulometric analysis 

characterized the paludal sediments and OSL dating of the bracketing sandy units and adjacent 

dunes, along with previous ages, improved the spatial and temporal resolution of the paludal 

deposition. Several outcrops of paludal sediments overriding dune flanks pose evidence that 

these water bodies post-date dune formation. Paludal unit thickness varies, probably as a 

function of its distance upstream from the dune dams and the drainage basin characteristics. 

The general lack of prominent botanical remnants and the abundant adjacent Epipalaeolithic 

camp sites suggest that the water bodies were probably short-lived to seasonal. At Nizzana, the 

oldest dated dune flank (~23 ka) was preserved and covered by a sloping clay layer. This suggests 

that dune damming occurred following the initial dune encroachment. Intercalating aeolian 

sand between three interdune paludal units suggest that extensive dune damming events 

followed the peak of the main dune encroachment at ~15-14 ka. Thus between ~23-10 ka, 

massive dune encroachments maintained dune dams for varying spatial and temporal extents.

The top of the paludal units date to 9.5-8.1 ka and slightly post-date the termination of the 

main dune encroachment episode. With the onset of the Holocene, the dunes remained stable 

and strong flood events eventually breached the stabilized damming dunes. Late Holocene 

dune damming was more local. Today the dunes are stable and other than first-order wadies 

along the Qeren ridge slopes and in the Shunera dunes, there are no dammed wadies. Future 

dune mobilization will probably cause local short-term dune damming and formation of 

shallow water bodies.
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Negev Desert, Israel
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The vegetated linear dune (VLD) field of the northwest (NW) Negev is situated at the eastern 

end of the Northern Sinai-Negev Erg and composes an ideal setting for dating the Late 

Quaternary dune stabilization-mobilization episodes. This study builds upon 97 optically 

stimulated luminescence (OSL) ages from the NW Negev dunefield and interprets the climatic 

controls of late Pleistocene dune encroachment episodes into the NW Negev in light of 

regional and global proxies. Initial dune encroachment and stabilization into the NW Negev 

took place during the last glacial maximum (LGM) at ~23-18 ka. Spatial and statistical analysis 

of the OSL dataset suggests that since the LGM, Negev dune activity was highlighted by two 

mobilization-stabilization episodes, a main one at ~16-13.6 ka, and a minor one, at ~12.5-10.4 

ka, when the dunes reached their maximum spatial extent and stabilized. These episodes 

include rapid dune encroachment events and coincide with the Heinrich 1 and Younger Dryas 

colder events. Cyclonic East Mediterranean (EM) winter storms, similar to todays, but with 

double of today’s rainfall as inferred from speleothems and accompanied by strong winds, are 

suggested to have intermittently persisted throughout the late Pleistocene. This system has 

been suggested to trigger the Negev aeolian loess (dust) deposition and sand mobilization. 

However, the discrete and relatively short Negev dune mobilization-stabilization episodes 

following the LGM cannot be entirely explained by this general and long-term model. Regional 

rainfall and aeolian records do not fully reflect climate change during both dune mobilization-

stabilization episodes. Antarctic and Greenland ice core dust flux records show a drop in 

interpreted global gustiness during the LGM-Holocene transition, the same time when the 

Negev dunes stabilized. Australian and Southern African vegetated dunes, densely dated by 

OSL, also indicate significant post-LGM-Holocene dune stabilization. We therefore suggest that 

some of the global latest Pleistocene dune activity episodes were quite synchronous being 

mainly controlled by global cold-events and consequent changes in windiness. Opposed to 

current southwestern sand-transporting winds, the late Pleistocene winds were characterized 

by a strong western direction allowing west-east VLD elongation. The rainfall amounts were 

sufficient for dunes to support vegetation. Accordingly dune mobilizations probably occurred 

when VLDs were sparsely vegetated. Negev VLD stabilization resulted from a decrease in 

storminess, with the onset of a more arid climate. The discontinuous aeolian sedimentation 

pattern found in VLDs provides new important chronological control on prominent dune 

mobilization-stabilization episodes. The suggested link between global drops in windiness and 

cold-events to low-latitude dune stabilization emphasizes the prevalence of winds over aridity 

regarding major dune mobilizations for low-latitude dunes, even if they are vegetated.
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Respect to Diamond Exploration 
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The Ramot Menashe area is being actively explored for kimberlite-hosted diamonds by Shefa 

Yamim (A.T.M.). Ltd. The approach relies on extensive geological field work, historic airborne 

and ground geophysical surveys, kimberlite indicator mineral chemistry and innovative soil 

geochemical surveys.

Exploration has focused on a large historic airborne magnetic anomaly (Domzalsky,1967, 

Ginzburg,1993, Rybakov,1994). This feature is marked by an intense bi-lobate gravity and 

magnetic anomaly from ground geophysical surveys undertaken by Dr. M. Rybakov and is 

termed the “Galed” Anomaly. It has dimensions of 2000 m2, is buried beneath approximately 

305 m of Senonian and Turonian sedimentary rocks and was emplaced between the Joara 

Fault on the west and the Ramot Hashofet fault on the east.

Field work by Shefa Yamim has documented garnet, ilmenite, spinel, clinopyroxene, rutile, 

zircon, moissanite, corundum (sapphire) and amphibole in fault zones and from stream 

sediment samples draining the Galed Anomaly. Critical to the kimberlitic garnet chemistry 

is the presence of  G4D (eclogitic, pyroxenitic or websteritic garnet with Na2O>0.07), G3D 

(eclogitic garnet) (Grutter,2004) and G9, G3 and G4 garnets.

Four phases of Mobile Metal Ions (“MMI”) soil geochemical surveys have been undertaken 

at the Galed Anomaly. These surveys report the concentration of the mobile form of 55 

metallic ions that ascend from a buried target and then sequestered in near-surface soils. 

The soils are analyzed by inductively coupled mass spectrometry (ICP-MS) subsequent to a 

proprietary partial extraction termed “Mobile Metal Ions Technology” or “MMI”. This method 

is used globally by more than 300 companies exploring for kimberlite-hosted diamonds and 

other commodities. Results from MMI surveys over the Galed Anomaly indicate the presence 

of anomalous concentrations of mafic and ultramafic indicator elements Ni, Co, Cr, Li, Mg, Y 

and the rare earth elements. The Galed Anomaly is related to the presence of ultramafic and 

mafic magmatic rocks of kimberlitic affinities at depth. The MMI surveys reinforce the results of 

kimberlite indicator mineral chemistry.

The presence of the Galed gravity and magnetic anomaly at Ramot Menashe accompanied 

by G3D/G4D and G9 garnets and MMI ultramafic elements in soil indicate the presence of 

kimberlitic magmatic rocks. The Galed Anomaly may therefore be interpreted as a priority 
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exploration target for kimberlite-hosted diamonds. The remainder of the Ramot Menashe 

area can be effectively explored using the same combination of geology, geophysics and 

geochemistry in the search for additional targets indicative of precious stones.

There is strong evidence of possible kimberlite pipes or fissures in the northern section of 

Ramot Menashe, where kimberlite indicator minerals have been found along sections of 

Nahal Shofet and scanning electron microscopy (SEM) analyses have shown the existence of 

diamondiferous potential.
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From mass wasting to slope stabilization: putting constraines on 
the transition in slope erosion-mode in the soreq drainage, Judea 
hills, israel
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The major drainage of the Judea Hills, the Soreq, incises some 400 m below the Judea highland 

through Cretaceous marine carbonate rocks. The drainage slopes are very steep, and exceed 

40º in some locations. These slopes are typically mantled by massive calcrete crusts. In spite 

of the steepness, the annual extreme rain-fall events and the rare seismic events, no recent 

mass-wasting (rock-fall, landslide, debris flow etc.) are evident along the natural slopes of the 

Soreq drainage. Additionally, no recent accumulation of alluvial sediments in fans and terraces 

occurs within the drainage system or along the Judea Hills mountain front. Nevertheless, 

new field observations show that during the Late Cenozoic, numerous mass-wasting events 

(mostly landslides) occurred throughout the Soreq drainage system, and that significant 

alluvial sediments accumulated at the mountain front. Both mass wasting debris and alluvial 

sediments were cemented by calcretes after their deposition and later evolved to a mature 

stage (mostly stage IV or higher). These alluvial and colluvial sediments are conceptually linked, 

periods of frequent mass-wasting will lead to increased sediment supply from the slope to the 

drainage system, and to the accumulation of alluvial deposits at the mountain front. Dating 

the formation of the calcretes which cement these deposits will thus yield an upper limit to 

periods of frequent mass wasting events. 

We focused on two sites: an ancient landslide adjacent to the Soreq-Refaim confluence, and an 

alluvial fan in Wadi Zanoach (a tributary of the Soreq). The base of both landslide debris and 

the alluvial sediments in the Zanoach fan is approximately (+3m) at the present streambed. The 

burial age of aeolian quartz grains, trapped in the massive calcretes, were obtained by optically 

stimulated luminescence (fast and Thermally Transferred (TT) signals) for three calcrete 

samples from the landslide debris and two from the fan. Our results suggest that calcrete 

evolved over the landslide debris between 216±10 to 330±21 ka, and over the fan deposits 

between 552±60 to 503±62 ka. Accumulation of alluvial and colluvial sediments at the present 

streambed between ~200 and ~500 ka (and potentially pre 500 ka) indicates that stream 

incision in the Soreq drainage was negligible since the Middle Pleistocene. It is suggested that 

the stability of the Soreq base-level has led to the stabilization of the slopes and promoted the 

formation of mature calcretes throughout the drainage. The stability of the local base-level can 

be attributed to period of tectonic quiescence of the Judea Hills region.
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The Dead Sea is a terminal lake draining an area of ~43000 sq km characterized by a range 

of climates, from hyperarid to Mediterranean. The major contribution of water is from the 

wetter northern part of the drainage basin. The natural fluctuations in its level reflect climatic 

conditions over its basin and their change with time. Since the middle of the 20th century the 

Dead Sea level is dropping dramatically due to human activity in the lake’s drainage basin and 

at the lake itself. This non-natural drop of level masks the natural changes that would have 

occurred otherwise. We address two questions in this study: 1 what would have been the lake’s 

levels under natural conditions? (2) How do precipitation properties at the drainage basin 

influence the Dead Sea levels variations?

The Dead Sea hydrological system is complex and lake level changes are controlled by different 

processes. In this study we used a simplified water balance model for the Dead Sea, which 

defines a functional relation between measured annual rainfall at a station and water volume 

entering the lake. Exponential function describes this relation best. A constant evaporation rate 

is assumed and its sensitivity is tested between 1-2 m/yr. This simplified model represents the 

undisturbed system. We used two objective functions and calibrated three parameters, two of 

them represent the exponential relation and the third represents the evaporation rate (m/yr) 

from the surface area of the lake. The parameters were calibrated for a 21 years period between 

1947-1968 and were validated for 1930-1946.

The calibrated evaporation rate is 1.6 m/yr. The model follows quite well the measured levels 

for both validation and calibration periods with errors (root mean square difference) of 0.38 m 

and 0.81 m, respectively. Applying the model up to 2007, suggests that following the relatively 

high lake stand of the late 19th century - early 20th century and under natural conditions, we 

would have seen a lake level drop. It should be emphasized that uncertainties exist in the model 

structure, model parameters and in the data and, as a results, in the predicted Dead Sea levels.

A range of possible scenarios for the Dead Sea levels will be examined by stochastic inputs to 

the model, representing the change in climate manifested by synthetic annual rainfall series 

that preserve some of the statistical properties of the rain (e.g., mean, variance, extreme events 

frequency). We will then quantify possible shifts in rain regimes that could have affected the 

Dead Sea drainage basin and the Dead Sea levels during the Holocene. 
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Large scale crustal deformation and earthquakes in Israel are currently related to two main 

fault systems: The Dead Sea Transform (DST) and the Carmel-Gilboa-Faria fault system (CFS). 

We study crustal deformation along these faults using 12 years of precise GPS measurements 

and mechanical models.

The main objectives of this study are to estimate the tectonic slip rates and locking depths 

along different segments of the DST and the Carmel fault, and evaluate whether part of the 

energy accumulating along these faults is released aseismically. This information is of great 

importance for seismic hazard assessment.

We use GPS observations from a network of 18 permanent GPS stations operating in Israel 

(referred to as GIL), and a network of about 150 survey GPS stations that were observed in three 

campaigns between 1996 and 2008 (referred to as G1). We compute all GPS stations’ velocities 

with respect to a fixed Sinai reference frame. The obtained velocity pattern reveals the current 

surface deformation in Israel. Site velocities are used together with elastic models to calculate 

the slip rate and locking depth along different segments of the DST and the Carmel fault, and 

to assess whether shallow creep occurs along the DST. 

A slip rate of 4.9-5.4 mm/yr and locking depth of 14.7-19.8 km are obtained for the part of the 

DST located within Israel, using all the data available. Separate calculations for shorter fault 

segments give a slip rate of 2.8-4.1 mm/yr and locking depth of 6.3-14.9 km north of the CFS, 

4.5-6 mm/yr and 10.4-22 km south of the CFS and north of the Dead Sea, and 4.8-5.9 mm/yr and 

16.2-33.2 km along the Arava Valley. Along the Carmel fault a left lateral slip rate in the range 

of 0.5-1.6, and a rate of normal extension of 0.5 mm/yr are obtained. These results suggest that 

the change in slip rate between the northern segment and the Jordan Valley segment, is due 

to relative motion along the CFS. Near fault observations rule out the possibility of shallow 

creep along the Jordan fault. Along the Dead Sea it is impossible to determine the slip rate and 

locking depth due to lack of data within the basin. Nevertheless, the velocity pattern west of 

the Dead Sea West Boundary Fault and a permanent site located in the southern part of the 

basin suggest that creep may occur in that area.
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We used laser-based methods to map exposed fault surfaces over scales of 10 μ, m to 120 m. 

Measurements on more than 30 normal and strike slip faults in different lithologies demonstrate 

that faults are not planar surfaces and roughness is dependent on fault displacement. Thousands 

of profiles ranging from 10 µ, m to >100 m in length show that small-slip faults (slip <1 m) are 

rougher than large-slip faults (slip 10–500 m or more) parallel to the slip direction. Surfaces of 

small-slip faults have asperities over the entire range of observed scales, while large-slip fault 

surfaces are polished, with RMS values of <3 mm on profiles as long as 1–2 m. 

We find that slip parallel roughness evolves gradually with slip.  Our measurements and analysis 

suggest that while wear smooths the surface, it is not very efficient. Two specific possibilities 

for the gradual nature of this process are that: 1 wear decreases with increasing slip and/or (2) 

the smoothing process is mitigated by a reroughening process.  Internal deformation and flow 

of the evolved wear layer might also help to partially mitigate the abrasional smoothing with 

increasing slip. 

 This internal deformation in the gouge layer is reflected in several faults by smooth, elongate, 

quasi-elliptical bumps that are tens of meters long and as high as ~1 m. Using detailed 

structural analysis of a fault zone combined with LiDAR measurements of the fault surface, we 

find that the bumps reflect variations of the thickness of the granular cohesive layer and can be 

generated by a pinch-and-swell instability. As this granular layer is rheologically distinct from 

its surroundings, the asperities are both geometrical and rheological inhomogenities.
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Decision Matrix for a tsunami Early Warning system in Israel
Salamon A.

Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

Understanding the tsunamigenic architecture of the eastern Mediterranean enables the 

formulation of a decision matrix that can help determining in near-real-time whether an 

occurring earthquake is potentially tsunamigenic and, if necessary, issue an early warning 

message. Such a matrix has already been constructed by the IGC/NEAMTWS (Intergovernmental 

Oceanographic Commission, North Eastern Atlantic and the Mediterranean and Connected 

Seas, 2009), in accordance with the worldwide experience, and it focuses mainly on large-

scale earthquakes that may generate regional and basin-wide tsunamis. However, most of the 

historical tsunamis that hit the Levant are considered local and as such are outside the mandate 

of the NEAMTWS and should be considered by the local authorities. This work fills the gap and 

proposes a decision matrix that is both compatible with NEAMTWS requirements and suites the 

typical conditions in Israel, especially the need to relate to seismogenic submarine landslides.

The proposed NEAMTWS matrix was tested against the potential tsunamigenic sources and 

found capable of covering the regional and basin-wide tsunamis, but missed capturing most 

of the historical tsunamis that were generated by on-land earthquakes whose origin is further 

than 30 km away from the coast. Therefore, the matrix was calibrated according to the maximal 

distance (100 km) and minimal magnitude (M~ 6) of the assumed epicenter and magnitude of 

those historical tsunamigenic earthquakes. 

The modified matrix enables issuing a tsunami alert as soon as the preliminary source 

parameters of the occurring earthquake are calculated. Thus it will support alerts coming from 

any Regional Tsunami Watch Centers of the NEAMTWS, as well as issue an independent alert 

by the Israeli Tsunami Warning Center, to be established at the Seismological Division of the 

Geophysical Institute of Israel.  

The tsunami warning system is planned to rely on the evaluation of seismic data and 

therefore non-earthquake tsunamis are not covered. Hence, alerting volcanic and 

spontaneous tsunamis cannot be considered until a real-time monitoring of sea level is 

introduced into the warning system. 

Since the majority (~80%) of the tsunamis that may affect Israel will most probably originate 

from local M>6 earthquakes, the first warning signal will be the strong shaking. Therefore, there 

is no need to wait until a sophisticated warning system gets into operation and people should 

be taught to protect themselves from a tsunami by moving away from the sea as soon as they 

feel the strong shaking. The second natural warning signal, although may not always appear, 

is a drop in the sea level and retreat of the sea. Indeed, some tsunamis may arrive from remote 

sources that will not be strongly felt in Israel and may start with a rise in sea level, but these are 

the minority of the events.
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Movements of Rock and soil along the Wallaga (Har Giloh) slopes.
Saltzman U., Saltzman B.

Engineering Geology & Rock Engineering

The 1995 construction of the Road to Har Giloh was immediately followed by movements 

of rock mass and soil. Some of the movements were a rejuvenation of older movements 

observed as scars on old air photos. It has been established that movements do exist without 

the assistance of man. However, involvement of man made changes (building terraces or 

excavation of foundations and channels) could cause local movements, but larger scale work, 

could enhance otherwise existing movements. The planning of the “Security Fence” in the area 

of Wallaga has incorporated the understanding of the problematic rock into the design.

the collapse of a shotcrete wall along Rd. 45
Saltzman B., Saltzman U.

Engineering Geology & Rock Engineering

A shotcrete wall protecting the Southern Excavation of Rd. 45 (between Giv’at Ze’ev and 

Kalandia Junctions) has collapsed during the Winter of 2009.

The existing wall survived about 15 years since the construction of the Road during the 1990th. 

The shotcrete wall had been enforced by rock bolts (1-3 m’ ln length) and included open noles 

acting as a drainage system.

Swelling Pressures built behind the Wall caused its failure, followed by a landslide of the marly 

constituents of the Moza Formation. A new wall has been designed to overcome future swelling 

pressures".



Abstracts | 145

OsL dating of a Pleistocene maar: birket Ram, the Golan heights
Shaanan U.1, Porat N.2, Navon O.1, Weinberger R.2, Calvert A.3, Weinstein Y.4
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Direct dating of maars and their phreatomagmatic deposits is difficult due to the dominance 

of lithic (host rock) fragments and glassy particles of the juvenile magma. In this paper we 

demonstrate that optically stimulated luminescence (OSL) dating can be successfully used for 

age determination of phreatomagmatic deposits. We studied the tuff deposit of Birket Ram, a 

basanitic maar located at the northern edge of the Golan heights on the western Arabian plate. 

The maar is underlain by a thick section of Pleistocene basalts, and currently hosts a small lake. 

It is filled by approximately 90 m of lacustrine sediments with radiocarbon ages extrapolated 

to 108 ka at its base. OSL was applied to quartz grains extracted from tuffs and paleosols in 

order to set the time frame of the phreatomagmatism at the site. A maximum age constraint of  

179 ± 13 ka was determined for a paleosol that underlies the maar ejecta. Quartz grains from two 

layers in the tuff section yielded a direct age of 129 ± 6 ka for the phreatomagmatic eruption. 

A younger age of 104 ± 7 ka, which was determined for a tuff layer underlying a basaltic flow, 

was attributed to thermal resetting during the lava emplacement. This was confirmed by an 
40Ar/39Ar age of 101 ± 3 ka determined on the overlying basalt. The internal consistency of the 

OSL ages and the agreement with the 40Ar/39Ar age determination as well as with previous 

estimates demonstrates the potential of OSL for maar dating.
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Geomagnetic field intensity: how high can it get? how fast can it 
change? constraints from Iron Age copper-slag
Shaar R.1, Ben-Yosef E.2,3, Ron H.1, Tauxe L.3, Agnon A.1, Kessel R.1

1. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel

2. Department of Anthropology, University of California, San Diego, La Jolla, CA, 92093, USA

3. Scripps Institution of Oceanography, University of California, San Diego, La Jolla, CA, 92093, 

USA       

The intensity of the geomagnetic field varies over different time-scales ranging from decades 

to millions of years. Yet, the maximum intensity of the field as well as its maximum rate of 

change are poorly constrained due to inadequate temporal resolution and large uncertainties 

in the geomagnetic record. Here we present firm limits on these fundamental properties by 

constructing a high-resolution archaeointensity record of the Levant from the 11th century 

to the early 9th century BCE, a period over which the geomagnetic field reached its maximum 

intensity in Eurasia over the past 50000 years. We investigate a 14C-dated sequence of ten layers 

of slag material, which accumulated within an ancient industrial waste mound of an Iron-Age 

copper-smelting site in Timna, southern Israel. Depositional stratigraphy constrains relative 

ages of samples analyzed for paleointensity, and 14C dates from different horizons of the 

mound constrain the age of the entire sequence. The analysis yielded 35 paleointensity data-

points with accuracy better than 94%, covering a period of less than 350 years, most probably 

200 years. We combine the new record with a previously published dataset from Khirbat en-

Nahas, southern Jordan, and construct a high-resolution quasi-continuous archaeointensity 

curve of the Levant. The curve displays two dramatic spikes in geomagnetic intensity, each 

corresponding to virtual axial dipole moment (VADM) in excess of 200 ZAm2. The geomagnetic 

spikes rise and fall over a period of less than 30 years and are associated with VADM fluctuations 

of at least 70 ZAm2. Therefore, the Levantine archaeomagnetic record places new constraints 

on maximum geomagnetic intensity as well as on its rate of change.
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Archaeomagnetism for resolving chronological problems: status 
and future potential
Shaar R.1, Ben-Yosef E.2,3, Ron H.1, Tauxe L.3, Agnon A.1, Kessel R.1, Finkelstein I.4

1. Institute of Earth Sciences, The Hebrew University, Jerusalem 91904, Israel
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The direction and intensity of Earth magnetic field are changing over timescales ranging from 

decades (or even less) to millions of years. A main aim of paleomagnetic research is to document 

these variations in order to understand their mechanism. Paleomagnetic research is possible 

because magnetized rocks and archaeological artifacts can act as recording media of the field 

at the time of their formation. Paleomagnetic study of archaeological artifacts is referred to as 

archaeomagnetism. This paper demonstrates the application of archeomagnetism using three 

types of archaeological recording materials: 1) copper slag from the Timna Valley, 2) potsherds 

from Tel-Megiddo, and 3) in-situ ovens and kilns. Each of these recorders has its advantage. 

The copper slag and potsherd fragments allow determination of the absolute intensity of the 

past field (i.e. paleointensity). The ovens and kilns allow the measurements of the direction of 

the past field - inclination and declination. The combination of these three types of recorders, 

collected from different late Bronze-Age to Iron-Age archaeological contexts, is used to generate 

a unique full-vector description of the geomagnetic field. Our results reveal that dramatic 

variations in the field may occur over timescales of hundreds of years to less than decades. 

One important implication of our findings is that the archaeomagnetic record is a promising 

means for chronological correlation, especially when the 14C-based chronology is limited. We 

demonstrate the application of this approach by resolving a high-resolution chronology of 

copper production in Timna. Using the paleomagnetic measurements we correlate two 14C 

dated slag mounds from Israel and Jordan, and achieve combined well-constrained dates. 

Preliminary Iron-Age data from Tel-Megiddo remarkably agree with the data obtained from 

the slag, thus realizing the potential of our working methodology.
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Keep and touch - Dust and mineral iron utilization by the marine 
diazotroph trichodesmium
Shaked Y.1,2, Rubin M.2,3, Berman-Frank I.3
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Oceanic blooms of Trichodesmium, a filamentous N
2
 fixing cyanobacterium, provide ~50% 

of the new nitrogen sources to subtropical and tropical areas, fueling primary production 

and influencing nutrient flow and biogeochemical cycling of organic and inorganic matter. 

Trichodesmium’s extensive surface blooms require large inputs of iron that are partly supplied 

by aeolian dust sources. Yet the processes and mechanisms associated with dust acquisition 

are currently poorly defined. Here, we explore by means of microscopic observations uptake, 

dissolution and reduction experiments, how natural populations and laboratory cultures of 

Trichodesmium collect, process, and utilize iron from synthetic iron oxides and desert dust. We 

find that, similar to most phytoplankton, solid-phase iron has to dissolve prior to its acquisition 

by Trichodesmium. We show that, unlike other studied phytoplankton, Trichodesmium apply 

cell-surface processes that accelerate the rate of dissolution of iron from iron oxides and 

mineral dust particles, and thereby increase cellular iron uptake rates. Natural puff colonies 

are particularly effective in dissolving dust, probably due to efficient dust trapping within the 

intricate colony morphology, followed by active centering and packaging of the dust within 

the colony core. Thus, colony formation in Trichodesmium provides an advantageous strategy 

for iron acquisition from particulate sources such as dust.
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the Relationship between sea Water and the Aquifer via Estuary, 
Preliminary Result from the Alexander and the Yarqon River
Shalem Y.1,2,3, Weinstein Y.1, Yechieli Y.2, Herut B.3

1. Bar-Ilan University, Ramat-Gan 52900, Israel 

2. Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel

3. Israel Oceanographic & Limnological Research Ltd., Tel-Shikmona, P.O.Box 8030, Haifa 31080, Israel

Surface water-groundwater interactions occur both at the coastal arena, including seawater 

intrusion and submarine groundwater discharge, and along streams, where river water, both 

fresh and saline, interact with the aquifer. The streambeds of the Alexander and Yarqon River 

are below sea level up to 5 km upstream from shoreline. As a consequence, they are subjected 

to seawater penetration, which results in a stratified water column with saline water at the 

bottom and fresher water at the surface.  

Since the Yarqon River connected to the sea all-year-round, its bottom water salinity is close 

to seawater, both in winter and summer (~36 and ~39 ppt, respectively, seawater=39 ppt), 

while surface water salinity varies seasonally and decreases with increasing distance from the 

shoreline (5-1 and 21-7 ppt, winter and summer, respectively). At the Alexander, the connection 

to the sea is limited to post flood events and high sea conditions, which destroy the sand bar at 

shoreline which disconnect the river from the sea most of the year. As a result, after flood event, 

the water column is highly stratified and the salinity varies from 3-1 ppt at the surface and 32-

25 ppt in the bottom water. In the summer, stratification is much more moderate with salinity 

of 2-8 ppt at the surface and 6-12 ppt in the bottom water. The low salinity at the bottom layer 

could be the result of the discharge of fresh groundwater from the streambed, while the river 

is disconnected from the sea. Discharge of groundwater to the river is also implied by relatively 

high radon concentrations in the river water.

Groundwater salinity was studied from piezometer at two sites, which are located 300 and 

1800 m from shoreline. While groundwater in relative deeper piezometer (>10 m) were fresh, 

salinity at shallow piezometer which penetrate clayish and sandy layers, were as high as 27 

ppt and 10 ppt (3 m and 45 m north to the bank, respectively). In some locations there was no 

evidence for saline water at distance larger than 5 meters.  

From these preliminary results it appears that seawater encroachment to the river causing 

aquifer salinization, but this is limited to shallower layers. We plan to install piezometers 

also in the Yarqon area, where there is permanent presence of near seawater salinity all year 

long at bottom water. We assume that, in such condition, aquifer salinization will be of larger 

extension.
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Ground Motion Analysis in the Geometrically complex Dead sea basin
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Sedimentary basins are known to amplify and trap earthquake ground motions, thus, leading 

to longer ground shaking durations. In Israel, several sedimentary basins are associated with 

the Dead Sea Transform (DST). These basins are up to 10 km deep, structurally complex and 

typically bound by active fault zones. Both Israel and Jordan have important industrial facilities 

and many tourist resorts situated in and around the DST and its associated basins. The DST is 

the source for some of the largest earthquakes in the region including the 1927 MW 6.2 Jericho 

earthquake and more recently the 1995 MW 7.2 Gulf of Aqaba earthquake (Hofstetter, 2003). 

For seismic hazard assessment it has been suggested that the DST is capable of producing 

earthquakes with magnitudes up to 7.5 with return periods of 50 years for M≥5 in the Elat 

area, 30 years in the Arava and Dead Sea area, and 25 years in the Jordan Valley (Shapira et al., 

2007). The seismic hazard presented by the DST threatens the Israeli, Palestinian and Jordanian 

populations alike.

The low seismicity rate of the DST combined with a sparsity of the seismic network in Israel 

that provides low coverage of sedimentary basins, results in a critical knowledge gap. It is 

therefore necessary to complement the limited instrumental data with synthetic data based 

on computational modeling, in order to study the effects of earthquake ground motions in 

these sedimentary basins and to bridge the gap.

In this research we performed a ground motion analysis in the Dead Sea Basin (DSB) using a 

finite-difference code capable of simulating seismic wave propagation in a 3-D heterogeneous 

earth. Two cross-sections transecting the DSB were compiled based on currently available 

geological and geophysical data and were used for wave propagation simulations. Results 

indicate a complex pattern of ground motion amplification affected by the geometric features 

in the basin.

To distinguish between the individual contributions of each geometrical feature in the basin, 

we developed a semi-quantitative decomposition approach. This approach enabled us to 

interpret the DSB results as follows: (a) Ground motion amplification as a result of resonance 

and unelastic effects, occurs basin wide due to a high impedance contrast at the base of the 

Lisan-Samra Formation. (b) Steep faults generate a strong edge-effect that further amplifies 

ground motions. (c) Bowl-shaped sub-basins cause geometrical focusing that under certain 

circumstances significantly amplifies ground motions. (d) Diapirs generate an opposite 

(shielding) effect that causes a decrease in ground motion amplitude.
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Redox control on the vertical distribution of Ra in Lake Kinneret
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Lake Kinneret, a warm monomictic freshwater lake, is thermally stratified between April and 

December, with surface water temperature ranging between 15oC in winter to 30oC in summer. 

The summer thermocline stabilizes at 15-20 m, and begins to deepen gradually in October 

until full mixing in December. During the mixing period, dissolved oxygen concentrations 

are constant and high throughout the water column. With the onset of stratification, the 

hypolimnion dissolved oxygen concentrations are depleted due to the degradation of organic 

matter followed by the accumulation of reduced species: sulfide, ammonium and methane.

The geochemistry of Ra in Lake Kinneret is controlled by the redox behavior of manganese. In 

aerobic conditions the Mn forms highly insoluble oxide, whereas under anoxic condition Mn-

oxides are reduced and mobilized as Mn(II). In the summer, when strongly reductive conditions 

develop in the hypolimnion, Mn(III,IV) which appears in the solid phase is reduced below the 

oxycline and mobilized there, the Mn in the epilimnion remains as particulate Mn-oxide. During 

winter mixing, the hypolimnion Mn(II) is oxidized and precipitated as Mn-oxide.

A vertical profile was conducted in a stratified lake (mid October 2010) in its deepest point 

(station A). Between 0 to 18.5 m the dissolved and total Mn concentrations were relatively 

constant, about 0.2 and 5 μ, g•L-1, respectively. A prominent Mn peak of 700 μ g•L-1 all of it 

dissolved, appeared just at the oxycline at about 19.5 m. In the hypolimnion, below 20 m, 

the Mn is completely reduced and mobilized as Mn(II). Water column 226Ra profile followed 

remarkably the Mn concentration profile. The short lived 224Ra activities generally also support 

the strong affinity of Ra to Mn. 
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Measurement of 222Rn with solar cells as detector
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222Rn, a radioactive noble gas with a half-life of 3.8 days is formed in the soil from 226Ra, which is 

a decay product of 238U. The gas produced in the soil migrates through the pore spaces in the 

soil and fractures in the rocks by mechanism of diffusion and advection.

An experimental system to measure the diffusion rate and concentration of radon gas through 

pores media as a function of soil porosity /grain size, soil water content and the depth of the 

source was studied. 

For radon detection, a new prototype of alpha detector based on photodiodes for radon 

measurement was developed. 

The experimental system consists of three 8” inner diameter sealed P.V.C columns at different 

heights: 0.5m, 1m and 1.5m, filled with sandy soil of three different grain sizes: less than 75µm, 

420-840µm and 600-1000µm. A solution containing 226Ra source with an activity of 3.7×105Bq 

was located in the bottom of the column for obtaining the 222Rn gas.

The results were analyzed using a "Green function" model. This one dimensional model was 

used to calculate the 222Rn diffusion coefficient and the radon concentration at equilibrium 

which means the production rate of the gas is equal to its decay rate. 

Results show that maximum radon concentration with a value of 1466Bq/m3 was obtained in 

the short column, filled with dry and large sand grains. The lowest concentration value of about 

100Bq/m3 was obtained in 1.5m column filled with medium grains and with 2% water content.

Soil moisture was found as the most dominant factor affecting 222Rn diffusion rate through soil. 

The diffusion rates as expressed by radon diffusion coefficient are greater under dry condition 

with a maximum value of (6.5+0.07)×10-6m2/sec than under wet condition with values of less  

than (3.9+0.14)×10-7m2/sec with 2% of soil water content.

Grain size is the second parameter affecting the diffusion rate of the radon through the sandy 

soil. Reducing the grain size obviously reduces the values of diffusion coefficients, when a 

minimum value of (1.7+0.013)×10-6m2/sec was obtained through 1.5m column, containing dry 

and small grains. 

Column height affects the exhalation rates of the radon from the soil into the air, due to increase 

in the effect of radon decay.

Radon migration in the column was twisting in three dimensions, while the model calculates 

the gas diffusion in one dimension only. This explains the time gap of 222Rn migration as 

predicted by the model in comparison with the experimental results.

Atmospheric conditions such as barometric pressure and temperature had a small influence 

on the radon concentration.
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Erosion rates in an ancient copper mine in timna valley
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Timna Valley is located in the western margin of the southern Arava. The climate is hyper-arid, 

characterized by high temperatures most of the year and an average rainfall of 20 mm per 

year. Once every two to three years, a flash flood occurs that creates erosion in the existing 

channels.

Pleistocene and Holocene river terraces allow us to trace the erosional development of the 

valley and to conclude that the regional climate ranged from semi-arid to hyper arid during 

these periods.

Greenish turquoise rock attracted people to Timna. Mining relics were discovered and the 

development of the metallurgy of copper was traced, from the initial steps of human attempts 

to produce the reddish metal from rocks in the Chalcolithic period (4500-3300 BCE), through 

learning and developing more efficient methods for mining and production until the activity 

was broken off in the early Islamic period at the end of the first millennium CE. 

Along the channels incised in the white sandstone and river terraces at the sides of the riverbed 

are exposed mining tunnel excavations with clear chisel marks. The direction of the chisel marks 

indicate that the tunnels were excavated from the surface towards the channel, not from the 

channel to the rocks as expected. Eroded pits on the bottom of the channel and on both sides 

of it confirm that they were excavated before the channels were formed. The conclusion from 

these observations is that the pits and tunnels were excavated from an upper surface before 

the channels were eroded. 

The purpose of this study is to determine the rate of erosion of the river channels in sandstone 

in a hyper-arid desert using archaeological evidence. Sites have been detected that show 

the amount of erosion from the time the shafts were excavated from1300 BCE until today. 

Sandstone in the Amir and Evrona formations (from which copper compounds were excavated) 

show light consolidation that produced high rates of erosion. During this period, there was 

very intensive degradation along the active streams. The gravel in the channels, made of hard 

rocks such as chert, dolomite and hard limestone, moved with the flashfloods that occurred 

in the upper part of the cliffs that surround the valley and the upper streams. Those streams 

transported the gravel, which flowed with the water into the pits and tunnels, eroded them 

until the tunnel system collapsed, and thus generated the incised wadis.

Data show that over 3,200 years the channels incised 15-30 m’. Rate of erosion is assessed as 

5-10 m’ per millennium. This rate of incision takes into account the acceleration of the erosion 

inside the tunnels.
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The recent huge gas discovery in thick Early Miocene siliciclastic layers of the deep Levant 

Basin, offshore Israel, highlighted a new world-class prolific gas province and subsequently 

sparked great interest in the Oligo-Miocene deep-water sediments of the Levant Basin. Based 

on a dense network of seismic data collected in the previously unexplored deep Levant Basin, 

we present two fundamental observations. One, that more than half of its sedimentary column 

accumulated within a mere ~15% of the basin’s life span (Fig. 2), that is a ~6 km thick section 

within 37 million years (post Mid Eocene). Two, this young section first accumulated in the deep 

basin and only then did large amounts of sediments amass along the continental margin. 

These fundamental observations allude to two feasible source-to-sink scenarios. One, that 

the thick Late Tertiary section is composed of large amounts of terrigenous material which 

originated in Arabia and transported via the Israeli continental margin and two, that the 

terrigenous material originated in Africa and transported via the region that eventually 

evolved into the Nile River cone. Our data emphasizes the difficulties of the first scenario and 

suggest that these sediments were transported mostly from Africa, though limited turbidite 

layers may have been transported from the east. The proposed paleogeographic model incites 

new questions regarding ocean circulation at a time in which the neo-Tethys was closing and 

the marine connection to the Mesopotamian Basin either ceased or substantially diminished.   
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solar radiation tidal forcing of radon signals in subsurface air
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Radon (Rn-222) occurs at highly varying levels as a trace component in subsurface air (geogas). 

This high variability is traced by alpha and gamma activity due to the decay of radon and its 

progeny. Nuclear radiation from radon (and progeny) in geogas exhibits systematic temporal 

variations composed of periodic and non-periodic signals spanning several orders of magnitude 

in time – from annual to daily and sub-daily duration. Analysis of extensive data sets from three 

key sites 200 km apart in the arid desert of southern Israel demonstrated that the periodic 

variations, observed to a depth of >100 meter, are related to an above surface driver. 

The issue of external forcing of radon signals was tested experimentally using alpha and 

gamma detectors recording radiation emitted from radon in a confined volume of Air.  The 

setup consisted of an isolated volume (640 L) of air with radon, the latter diffusing from U 

bearing ground phosphorite (376 Kg) into the upper test volume.  Alpha and gamma radiation 

emitted from radon in the tank air varies spatially and temporally. A 4-year time series shows 

that the variation is composed of multi-day signals and especially of periodic signals of annual 

and daily scale. The diurnal variations are dominated by periodicities of 24-, 12-, 8- and 6-hours 

which are attributed to the Solar tidal constituents S1, S2, S3 and S4. Periodicities indicative for 

diurnal gravity tide (O1, M2, Lunar influence) are clearly lacking. Profound external geophysical 

influence is further indicated by compounded relations that occur as annual modulation of the 

amplitude and phase of the diurnal constituents S1, S2 and S3. 

Further insight is derived from the long term variations in time series from the geological 

environment and from an experiment. In addition to the annual periodicity clear semiannual 

and ternary annual signals are demonstrated. They are attributed to the solar tidal constituents 

Sa, SSa and STa. 

Experimental observations confirm the unique properties of the temporal variation of radiation 

from radon in air. Based on the characteristics of the annual and daily scaled periodicities as well 

compounded relations among them, it is suggested that a component of solar radiation tide 

forces these phenomena. The widespread systematic occurrences indicate that a component 

of solar radiation is driving the system by interacting with radon in air. It is manifested in the 

multi-scale temporal pattern of the radioactive decay of radon and its progeny in geogas, to a 

depth of >100 meters. 

New combined prospects for the research are indicated in terms of the radioactive behavior of 

radon in air and an above surface geophysical driver for this behavior.
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Studies of gravel braided streams have been conducted mainly in humid braided systems 

or flume simulations thereof. The differences in hydrologic regime between arid and humid 

climates are responsible for the differences in the textural character of the braided channel 

beds. Dryland rivers have bare catchments, rapid flow recession and unarmoured channel 

beds which are responsible for very high bedload discharges, thereby increasing the likelihood 

for braiding. Our main objective is to characterize the morpho-texture of braided cells, mid-

channel bars and anabranches surrounding them, in the dryland braided system and compare 

them to their humid counterparts. Selected areas of the dryland braided Wadis Rahaf, Ze’elim 

and Roded in the SE hyper-arid Israel were measured, as was La-Bleone River in the French pre-

alps representing humid braided systems.

Terrestrial Laser Scanning (TLS) technology is rapidly developing and extending not only 

to engineering applications but also to environmental and earth surface applications. It 

enables very high resolution coverage of topographic surfaces in a very short period of time. 

The use of TLS in humid perennial systems is complicated by the existence of water bodies 

and vegetation. Therefore measurements in the humid braided system (La-Bleone) were 

undertaken by traditional surveyed with an Electronic Theodolite and Grain Size Distribution 

(GSD) was derived by Wolman sampling. However, the arid fluvial environment is most suitable 

for the use of the TLS instrumentation: scans of morphological units in the arid braided systems 

Rahaf, Ze’elim and Roded produced high density point clouds, from which accurate Digital 

Elevation Models (DEMs) were extracted. The high resolution also enabled calculation of the 

standard deviation of detrended surface heights to evaluate the roughness of the different 

morphological elements. Where scan resolution enabled, the roughness procedure replaced 

manual grain sizing by Wolman sampling.

Results indicate that dryland anabranches tend to be finer-grained and less armoured than the 

bars, contrary to the humid braided systems, where the main or larger anabranches are coarser-

grained and more armoured than the bars. Due to the differences in hydrological regime which 

apparently lead to these morpho-textural differences, in small-to-medium flow events when 

flow is constrained to anabranches the humid anabranches are mainly stable, whereas in 

drylands the unarmoured anabranches are characterized by high bedload fluxes and formation 

of new bars. The formation of new unit bars is attained in humid braided counterparts only in 

considerably larger barfull events, when the unramoured bars are activated, thereby supplying 

large fluxes of coarse-grained sediment.
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surface settlement due to deep mining: analytical solutions and 
numerical simulations with Numerical Manifold Method
Tal Y., Hatzor Y.H.
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This research examines the expected settlement at the ground surface due to circular cavities 

in layered rock. The solution of this problem requires a numerical approach. In this research 

we use the Numerical Manifold Method (NMM) which is an extension of the Discontinuous 

Deformation Analysis (DDA) method proposed by Shi and Goodman in the late 80’s for 

modeling rock deformation due to the interaction of multiple discrete elements (rock blocks). 

The NMM introduces a mathematical mesh that is superposed over the DDA mesh of blocks, 

allowing for accurate stress analysis anywhere in the domain.

 We begin with a verification of the NMM for the case of an infinite plate with a circular cavity, for 

which an analytical solution exists (Kirsch solution). The relative errors obtained for the vertical 

displacement change from 7.65% to 0.64%, depending on the position of the measurement 

point. The Kirsch solution assumes constant far field stresses and ignores the influence of 

gravity. We therefore develop the analytical solution for a case of a layered plate with gravity 

but with no cavity and compare our analytical results with results obtained with the NMM code 

for the case of layered plate divided into three sub-layers. Comparison between the analytical 

solution and the results obtained numerically with NMM indicate a very good agreement with 

relative errors never exceeding 0.32%.

 This set of verification experiments allows us to proceed safely with modeling the case of 

a circular cavity in a continuous rock mass with consideration of gravity, a case for which 

no analytical solution exists and a numerical approach must be employed. The amount of 

surface settlement is controlled by two opposite factors: stress concentrations due to cavity 

and elastic rebound due to stress relaxation of the underlying strata. The latter also has a 

significant contribution to overall surface settlement. We find that in order to take all the elastic 

rebound effect into consideration the bottom of the numeric model should be located at a 

distance of at least 10 radii below the center of the cavity, or at the top of a stiff layer below the 

cavity. Examination of the interaction between 3 adjacent circular cavities reveals that both 

the magnitude and the rate of change of surface settlement decrease with increasing ratio 

between inter-cavity distance (d) and cavity radius (a).
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surface Roughness Parameters for Dating Alluvial surfaces
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Determining the age of alluvial deposits comprises a pivotal component in many quantitative 

studies of recent tectonic activity, past climatic variations and landscape evolution. The age of 

such deposits in desert environments can be constrained by dating of reg soils that develop 

on their surface – a task that requires substantial resources and is often complicated due to 

the lack of suitable dating material. Here, we use a Leica HDS3000 ground-based laser scanner 

to measure the roughness of reg soil surfaces, which is known to be reduced over time, and 

use the measured roughness as a proxy for surface age. For this, the relation between surface 

roughness and independently determined surface age needs to be quantitatively determined, 

and thus requires examination of the mathematical parameters used to describe roughness. 

Some of the known parameters for surface roughness are: RMS height, correlation length and 

slope and offset of surface power spectra, most of which haven’t been previously explored in the 

context of surface age proxies. Here, we present preliminary comparison between the different 

surface roughness parameters and their correlation with the age of reg soils determined by 

luminescence dating in the Shehoret and Ze’elim alluvial fans. Our results show that the RMS 

height parameter of the surfaces analyzed follows an exponential curve when plotted against 

surface age and can thus be inverted for surface age in these fans. Similar results were also 

obtained for complementary roughness parameters. In addition, a change in the shape of 

the surface roughness power spectra was also found between Holocene and late Pleistocene 

surfaces reflecting a change in the process and scale of the observed surface smoothening. 

Thus, following appropriate calibration, surface roughness appears as a reliable and relatively 

simple measurement for quantitatively constraining the age of alluvial-deposit surfaces in arid 

to hyper-arid environments.
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topographic deformation and changes in shalem-2 sinkhole, 
Mineral beach, Dead sea, are revealed using a ground LiDAR 
scanner.
Tsabar A.1, Sagy A.2, Shalev E.2, Makovsky Y.1
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The appearance of sinkholes along the western shore of the Dead Sea is linked to changes 

in the hydrological system, occurring as a result of the recession of the Dead Sea water level. 

Leveling data collected by the Geological Survey of Israel (GSI) since June 2006 in Mineral Beach 

sinkhole (Shalem-2), reveal that periods of slow rise in the sinkhole’s surface water level are 

followed by episodes of rapid release. No regular pattern of time intervals between drainages, 

or the amplitude of the water-level drops, is observed. Here we present the results of seven 

LiDAR surveys that were preformed in 2009, and aimed to track topographic deformation 

occurring in the sinkholes and to determine the connection between this deformation and the 

drainage events. We used the Leica HDS3000 laser scanner to survey a detailed topography 

of the sinkhole and vicinity, encompassing an area of ~30,000 m2. The sinkhole was surveyed 

in proximity to water level peaking, and soon after three drainage events. In all surveys we 

scanned the area from the same 2-3 stations (sub-scans) covering most of the sinkhole’s area. 

The different sub-scans in every single survey were co-registered using floating control points 

to generate point clouds and maps that cover the entire area. Then, to track down the ongoing 

deformation, five different maps were registered to one common grid system using four fixed 

control points. Vertical changes maps were extracted from consequent couples and from the 

first and last surveys. In addition, GIS raster maps were used for calculating volumes of the pool 

and the draining water during the events. We detected the development of new sinkholes 

mostly in the southern part of the major cluster, and both horizontal and vertical displacements 

of three floating control points. Our observations suggest a possible correlation between the 

areal sinking rate and the intensity of the drainage events.
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Monitoring and modeling flow and transport through vadose zones 
underlying various land uses at the coastal plain
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The coastal aquifer is one of the important natural water resources of Israel. Understanding 

effects of land use over its recharging outcrops on quantity and quality of the recharging 

water, is essential for improving water-resources management. Therefore a study on water 

percolation and solute transport through the vadose zone above the coastal aquifer in the 

vicinity of the city of Ashdod is conducted under three typical land uses: a rain-fed crop field, 

an irrigated citrus orchard, and a natural sand-dune. 

The study implements a vadose zone monitoring system (VMS), which enables continuous 

measurements of the vadose zone water content and allows frequent sampling of the sediment 

pore water at selected points across the entire vadose zone (up to 30 m depth at this study). 

Hydrus 1D code was used to build numeric models that describes water flow and chloride 

transport through the vadose zone underlying the three sites. These models are calibrated 

and validated using the transient water content and chloride concentration data that are 

collected from the site’s vadose zone with the VMS. After calibration, scenario simulations of 

the effect of land-use change with the calibrated models will be possible and could in light 

questions concerning groundwater quantity and quality changes. Continues observations 

exhibit significant differences in the solutes concentrations under the field and the orchard 

sites compared with the natural dune site. High chloride accumulation and relatively small 

masses of nitrate are found under the orchard reflecting high efficiency in water and fertilizer 

use. In contrast under the rain-fed crop field the vadose zone pore water is less saline than 

under the orchard but contains higher masses of nitrate. Calibration results and validation 

matches between measured and modeled water-contents and chloride concentrations from 

the different sites will be presented. Preliminary results of the effects of land use change from 

bare dune to a vegetable greenhouse will be demonstrated through simulations.  
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Partitioning of elements between Peridotite and H
2
O at 

temperatures between 850 - 1100oc and pressures of 4 to 6 GPa 
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The phase diagram and elemental partitioning in the K-bearing Lherzolite + H
2
O System were 

studied between 4 and 6 GPa and 850 -1100oC, to define composition and characteristics of the 

liquid as well as the solid phases and to constrain the reactions occurring at convergent plate 

margins. Experiments were performed on a rocking multi-anvil apparatus, using a diamond trap 

setting. The composition of the liquid was directly determined using the recently developed 

technique in which the liquid quenched from high-pressure, high-temperature conditions, is 

directly laser ablated in a frozen stage and analyzed by ICP-MS. The solid phases are analyzed 

using the electron microprobe analyzer. Experiments at temperatures between 1000o and 

1100oC contained a suite of 23 trace elements. Results show that at the pressure and temperature 

conditions studied a dry lherzolite mineral assemblage (containing olivine, clinopyroxene, 

orthopyroxene and garnet) is in equilibrium with a peralkaline liquid with over 40 wt% H
2
O, 

implying a fluid character and indicating the lack of solidus at these conditions. These results 

suggest that either the solidus is located at higher temperatures at this pressure range or these 

conditions are above the second critical end-point of the system.  At temperatures of 1000-

1100oC, the fluids resulting from dehydration of a peridotite are characterized by bulk partition 

coefficients D(solid/fluid) of Rb, Cs, Ba, and Pb of 0.001 to 0.05, by DU(solid/fluid) >  DTh(solid/

fluid), by steep DREE(solid/fluid) pattern with DLu/DLa of  above 800, and DHFSE(solid/fluid) 

between 0.001 and 0.2. 
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Faulting pattern in the Yizre’el Valley
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The Yizre’el Valley, part of the Lower (southern) Galilee basins array, has experienced various 

extensional regimes differently oriented throughout time. Interpretation of its subsurface 

structure is challenging - as most of its key horizons record significant time and spatial hiatuses 

of which some are regional.

Provided with detailed subsurface geophysical and geological data we use a GIS platform 

database for comprehensive seismic and borehole interpretation. Structural maps of key 

horizons from Late Cretaceous - Pliocene age are established. Here we extract the internal 

architecture of the basin by using the top Judea Group (top Turonian) horizon and the base 

and top Lower Basalt Formation horizons, of Miocene age.

An earlier structure (Upper Cretaceous) of two SE-NW lows (Afula and Kefar Baruch) separated 

by an intervening local SW-NE high (Hayogev-Mizra horst), stayed similar to date. Vertical 

movement on Gideon and Hayogev faults, active at least from Cretaceous times, keeps this 

horst elevated, whereas the lows from both sides are preserved as depocenters. The horst is 

dissected by the WNW-ESE Genigar basin that bridges between these lows.  

The major SE-NW Gilboa faulting system shifts both the top Judea and top Lower Basalt horizons. 

The faults are mainly normal but some involve horizontal movement as well. According to their 

spatial location and vertical movements they signify a deep weakness zone over which young 

tectonics resumed since the Miocene. The Lower Basalt Fm. erupted and accumulated upon 

a large unconformity surface synchronously with the sinistral movement along the Dead Sea 

Transform. Its structural configuration reflects changes in faulting pattern. Its base and top 

horizons show a similar pattern with two primary sets of NW-SE and NE-SW directed faults. 

Places where these sets cross one another (such as Kefar Baruch, Yoqneam and Hayogev) 

combine local compressional structures and complicated faulting. The largest earthquake of 

the past 30 years (1984) occurred within this complex faulting near Kefar Baruch. 

Throughout the Yizre’el basin faults are offset, side-stepping one another with successive 

enechelon faults taking up the regional movement. These complex faulting patterns lead to 

localized zones of extension and compression typical for continental basins adjacent to large 

plate boundaries. 
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Gypsum precipitation rate from Dead sea - sea water mixtures 
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In recent decades, the water level of the Dead Sea (DS) has receded dramatically. In order to 

stabilize the lake’s water level, it has been proposed to build a conduit to convey seawater from 

the Red Sea to the DS. Most of the mixtures between sulfate rich seawater and calcium rich 

DS brine will result in a supersaturated solution with respect to gypsum. Massive nucleation 

and growth of gypsum crystals are expected to occur. If the newly crystallized gypsum will not 

quickly settle, the general appearance of the DS may be altered by “whitening” of the surface 

water. Whitening is likely to depend on the interplay between nucleation and crystal growth 

kinetics, and settling rate from the surface water of the formed crystals.

Gypsum precipitation kinetics from a Dead Sea – Red Sea mixture (DS-RS) and Dead Sea - 

desalination reject brine (DS-DRB) mixture were studied using two large-scale flow-through 

experimental systems. These systems were located in the experimental site of the Dead Sea 

Works, adjacent to the evaporation ponds of the Dead Sea Works in the southern basin of the 

DS, in order to attain the closest possible resemblance to the environmental conditions of the 

DS. The first pool was initially filled with 50% DS brine and 50% RS water (wt. %), whereas the 

second pool was filled with 50% DS brine and 50% DRB (wt. %). The daily inflow flux of each 

of the end member solutions was 300 kg per day, which resulted in a residence time of ~19 

days. Since the inflow discharge was always significantly larger than the evaporation flux, an 

overflow always existed. Samples were collected daily from various locations throughout the 

system for chemical analyses and density. The experiments were maintained for 9 months, 

lasting from December 2009 to September 2010. 

In the DS-RS experiment the initial DSG (degree of saturation with respect to gypsum) upon 

mixing was relatively low. As a result, spontaneous nucleation of gypsum did not occur until 

the mixture evaporated due to atmospheric conditions. In contrast, the initial DSG upon mixing 

in the DS-DRB experiment was much higher, resulting in spontaneous precipitation of gypsum. 

The precipitation of gypsum in the latter case occurred prior to the evaporation of the mixture. 

In both of the experiments the DSG of the solutions decreased following the spontaneous 

precipitation. Interestingly, the DSG in both experiments stabilized on similar values despite 

the fact that the precipitation rate remains different.
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calcareous nannoplankton of the Early Eocene in the shefela 
region: water stratification and sedimentation rates in the pelagic 
regime of the Levant.
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Patterns of change in calcareous nannofossil populations were observed in the early and 

middle Eocene of the Avedat plateau and the southern Shefela region of Israel. The end of the 

Early Eocene Climate Optimum (EECO) records initial increase in nannofossil diversity. Later, at 

the Early/Middle Eocene transition the cooling process, as well as the end of the oligotrophic 

conditions is detected. 

In the Avedat Plateau, the rate of sedimentation was calculated after subtracting the thickness 

of transported beds. Rates varied from 0.8 to 2.68 cm Kyr-1, calculated. Reworked forms, up 

to 7%, occur mainly in a relatively short interval in NP15 (Horsha Fm). They are explained by 

increased current activity, inducing enhanced redeposition of oceanic sediments from around 

the Levant region. A possible source for the reworked material in the Avedat Plateau might be 

in the vicinity of the Ramon structure, where material of the age of this material is missing.

Comparing the Avedat Basin with the Shefela Basin shows no influence of distance from 

structural features on the populations of the calcareous nannoplankton. On the other hand, 

the populations changed significantly in time.  The independence of the photic zone inhabited 

by calcareous nannofossils from paleotopographic features and the near absence of benthic 

foraminifera, suggests that the location of the Shefela region was in the bathypelagic regime.

The most significant change in the calcareous nannofossil assemblage in the Levant region 

occurred some 7 Myr later than at Possagno in northern Italy (Agnini et al., 2006). This 

diachronism can be explained in part by the paleogeographic location of the Possagno region, 

situated at a significantly higher paleolatitude at the northern edge of the Tethys at that time. 
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Kimberlites, diamonds and the sub continental lithosphere
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Kimberlites are CO
2
-H

2
O-rich ultramafic potassic igneous rocks.  They are the products of 

melting of a metasomatised carbonated-peridotite source at the sub-continental lithospheric 

mantle (SCLM) or at greater depths.  These rocks bring to the Earth’s surface mantle xenoliths 

and most of the world’s gem diamonds.   The relationship between kimberlites and diamonds 

has been debated ever since kimberlites were first identified.  Today, it is widely accepted that 

diamonds are xenocrysts in the ascending kimberlite.  Still, the close resemblance in trace 

element patterns of kimberlites and high-density fluids (HDFs) trapped in fibrous diamonds, 

suggests they are genetically linked at depth.

Kimberlites are divided to Group I and Group II, the latter are richer in K, Ba, Th, U and the LREEs 

(La-Pr), depleted in Nb and Ta and has more radiogenic Sr and Nd isotopic signature.  We found 

similar trace elements differences between high-Mg carbonatitic fluids trapped in diamonds 

from Siberia and from Kankan, Guinea.  The Siberian HDFs exhibit trace element patterns that 

are highly similar to those of Group I kimberlites, while the Kankan HDFs are closer to those of 

Group II, all patterns are also comparable to the average pattern of peridoditic xenoliths from 

the SCLM.  Using a good set of partition coefficients between carbonatitic fluid and carbonate-

peridotite, we examine three possible scenarios for explaining these similarities: 

1) Simple mixing of 2.5% of kimberlitic magma or 0.7% of the Udachnaya high-Mg HDFs with a 

highly depleted peridotite closely reproduces the average trace element pattern of the SCLM.  

2) The formation of the high-Mg HDFs through fractionation of kimberlitic magma calls for 

70% crystallization of olivine, pyroxene garnet and carbonate.  However, the alkalis and Ba 

of the calculated fluid are too low and the middle to heavy REE, Zr, Hf, Ti and Y are too high 

compare to the Udachnaya HDFs.

3) Simple batch melting of 0.5% of a source with average mode and trace element composition 

of the SCLM (McDonough, 1990) closely reproduces the observed trace element pattern in the 

Udachnaya HDFs.  Higher degrees of melting (~2%) of the same source yield the pattern of 

Group I kimberlite.  This scenario, elegantly explains the similarities between HDFs trapped in 

Kankan diamonds and Group II kimberlites.  The two can be produced by 0.2 and 1% melting of 

SCLM that carries accessory phlogopite (0.3% and 0.1%, respectively) and a trace of rutile. 

Whether it is mixing, melting or combination of both, the new constraints indicate a close 

genetic relation between high-Mg carbonatitic HDFs, kimberlites and the average SCLM.  Our 

study is specific to fibrous diamonds.  However, the trace-element patterns of sub-calcic garnet 

inclusions in many non-fibrous diamonds indicate that the kimberlite-HDF-diamond-SCLM 

connection may be extended to other forms of diamond as well.
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The Dead Sea basin is an active seismic zone. Here we use small earthquakes for analyze recent 

deformation and internal structures in the basin.

 In the original GII catalogue the micro earthquakes appear as “clouds”. We examine whether 

they reflect faulting along discrete planes or distributed deformation. Our criterion for defining 

a fault plane is the coincidence of hypocenter locations (planes of seismicity) and planes that 

result from focal plane solutions. Our analysis includes the recent (1985 – 2011) earthquake 

activity along the Dead Sea basin. We examine the distribution of the seismic activity and 

the aspects of seismic clustering based on parameters such as: time, location, waveform and 

focal mechanism. The workflow of this process is conducted as follows. First we conduct a 

Full catalog relocation using the hypoDD method developed by Waldhauser and Ellsworth 

(2000). Based on the relocated catalog we recognize earthquake clusters in time and space 

based on time window of 30 days and radius of 700 m. Based on the earthquake clusters we 

conduct a wave form resemblance analysis utilizing cross correlation method and identify the 

resemble events within the clusters. We calculate the Earthquake’s focal mechanism as well 

as a combined solution for every cluster with a respect to the cluster division and the cross 

correlation results (when possible). In addition we calculate a large scale clusters and calculate 

the plane of seismicity for each cluster. 

The preliminary results suggest that in most of the clusters the earthquakes show high 

resemblance in waveform and focal mechanism and in some cases even similar to the 

orientation of the plane of seismicity. This indicates that the seismic activity is mostly localized 

along major faults that divide the basin to sub basins in accordance with previous subsurface 

analyses.
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the triple Isotopic composition of Dissolved Oxygen as a tracer for 
Vertical Water Mixing Processes and Deep Water circulation in the 
Gulf of Aqaba (Eilat)
Wurgaft E., Barkan E., Luz B.
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The 17O anomaly (17∆ ) is a unique property of dissolved O
2
. For the most part, 17∆  is affected 

by photosynthesis and air-sea gas exchange, but not by respiration. Hence, it behaves 

conservatively in a parcel of water that sinks below the photic zone. Photosynthesis increases 
17∆ while gas exchange resets it towards its equilibrium value. Therefore, 17∆ values in the 

sea surface are usually higher than equilibrium value but lower than 17∆  values within the 

thermocline. In deep water, due to the absence of gas exchange and photosynthesis, variations 

in 17∆  indicate the extent of mixing of water from the photic zone into the deep sea.

Most of the studies that made use of 17∆ focused on primary productivity assessments and 

paid little attention to seasonal variations in 17∆ values. In order to demonstrate how 17∆ can 

be applied as a tracer for water mixing and circulation and to study the main biological and 

physical fluxes of dissolved O
2
, we conducted monthly measurements of 17∆  profiles in the Gulf 

of Aqaba during 2007-2008.

Our results show two notable observations: 

1. During most of the year, 17∆  values in depths well below the photic zone (>300 m) were much 

higher than equilibrium value. Since in-situ photosynthesis at these depths is improbable, this 

observation implies that photosynthetic O
2
 from the sea surface was introduced into the deep 

water. 

2. During the early autumn, 17∆ values along the entire water column decreased sharply, 

reaching equilibrium value in November. This observation can either imply that gas exchange 

has directly reduced 17∆ values during that period, or that the deep water was mixed with a 

water mass of low 17∆ values.

Based on simple one-dimensional calculation, we show that neither of these observations 

can be explained by means of gas exchange and simple vertical transport (eddy diffusion).  

Therefore, the 17∆ increase in deep water is the result of either lateral mixing or vertical mixing 

at high rates that greatly exceed those of eddy diffusivity known from open ocean studies. 

We suggest that the rate of vertical mixing between the photic zone and the a-photic zone is 

enhanced by the large boundary surface area of the gulf.   

In addition, we suggest that the 17∆ decrease during the autumn of 2007 was the result of 

lateral mixing with a water mass of low 17∆ values. Given the channel like structure of the gulf, 

the most probable source of this water mass is in the south.  

Our study shows that the triple isotopic composition of dissolved O
2
 can be used not only 

as a tracer for primary productivity in aquatic systems, but also as a tracer for water mixing 

processes and deep water circulation. 
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Semi-arid areas are considered to be one of the most erodible terrain types, because in such 

areas high intensity rainfall falls upon a sparse vegetation cover. Anthropogenic factors, for 

example grazing, contribute to the rate of soil redistribution by wind and water. One of the 

geomorphic forms that develop by water erosion are gullies. The removal of soil through 

gullied systems takes place by two primary processes: (1) incision: undercutting or collapsing 

of nearly vertical banks, and (2) transport of the collapsed material through the gully.

The aim of the presented paper is to estimate the extent of bank collapse and bottom removal of 

the total sediment load from first-order gullied catchments in a semi-arid area. Two gullied sub-

catchments (approximately 0.7 ha each) of the Nahal Bikhra ephemeral channel were studied.  

Mean annual rainfall depth is 230 mm, soils are loessial with some bedrock exposures. The 

vegetation is sparse, mostly annual herbs and shrubs which are also affected by intensive grazing.

Total gully sediment yield was extrapolated from direct measurements of event bedload and 

suspended sediment yields at the gully outlet. A Terrestrial Laser Scanner (Leica HDS3000) was 

used for estimating changes in gully topography between the onset and at the end of the 2010-

2011 hydrological season. With a 3-5 mm scanning density, the output is a Digital Elevation 

Model (DEM) with a 5 mm cell resolution. The locations and volumes of changes in the gully 

banks and bottom were established by analyzing the successive DEMs. These changes in gully 

topography are placed against annual and event runoff and total sediment yield. In this manner 

the sediment balance and the rate of sediment delivery from the gullied systems are evaluated.

During the study period rainfall depth totaled 187 mm, generating 4 runoff storm events. 

In the northern gully net erosion rate was 145 t/ha yr, the gully sediment delivery ratio was 

58%, gully contribution to total catchment sediment yield was 67-70%. Gully headwall and 

channel/sideslope erosion respectively constituted 18% and 82% of gully erosion. The results 

indicate that gullies such as this studied geomorphological system are highly active and serve 

as important sediment sources.
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Distribution of magmatic and serpentine filled fractures in the 
troodos ophiolite, cyprus
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Geological Survey of Israel, 30 Malkhe Israel, Jerusalem 95501, Israel2. 

The exhumation, cooling and serpentinization of the ultramafic section of the Troodos 

ophiolite may have probably been initiated at a Cretaceous spreading center, but continued 

till the final emplacement of the Troodos ophiolite at Pleistocene times. Ubiquitous peridotite-

hosted fractures filled with primary igneous minerals and secondary hydrous minerals were 

petrographically and studied here structurally to trace this evolution. 

The magma-filled fractures consist mostly of clinopyroxenite with sharp chilled margins against 

the host rock and exhibit comb structures. They were thus emplaced at temperatures below 

the peridotite solidus during the stage of seafloor spreading. The strike orientations of these 

dikelets are homogenously perpendicular to the strike of the Troodos sheeted dike complex, 

i.e. normal to the paleo-spreading axis. This may imply an active melt injection from the mantle 

to the spreading axis during episodes of spreading relaxation. The second group of fractures 

consists mostly of chrysotile veins, striking at variable directions. They record infiltration of 

low-temperature aqueous solutions via cracks formed under variable stress regimes possibly 

during serpentinite diapirism related to ophiolite emplacement.
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Aeolian ripples, which form regular patterns on sand beaches and desert floors and also on 

Mars, indicate the instability of flat sand surfaces under the wind-induced transport of sand 

grains. The opportunity rover documented small normal basaltic sand ripples at the bottom 

of Eagle crater. These ripples are composed of fine sand (100 micron) and their average 

wavelength and height are 10 cm and 1 cm respectively.  Such light particles are thought to be 

easily suspended by turbulence at the fluid threshold, such that the wind speed at which these 

bedforms develop must be substantially below the fluid threshold. The occurrence of these 

bedforms on the Martian surface thus requires the impact threshold to be substantially smaller 

than the fluid threshold. Recently, it was suggested that saltation on Mars can be maintained 

at much lower wind speeds than the fluid threshold which is needed to initiate it.  We used the 

numerical saltation model together with a dynamic model for sand ripples to show that the 

small basaltic ripples can develop under wind speeds below the threshold for suspension. 

COMSALT is the most comprehensive and advanced physically based numerical model of 

saltation to date. COMSALT includes many of the advances of previous models, and in addition 

it includes: 1 a physically based parameterization of the splashing of surface particles that 

agrees with experimental and numerical studies, (2) a generalization of this splashing process 

to beds of mixed particle sizes, and (3) a detailed treatment of the influence of turbulence on 

particle trajectories, which agrees with laboratory measurements. The model has also been 

recently used to show that saltation can be maintained on Mars by wind speeds an order of 

magnitude less than those required to initiate it. We used COMSALT to give the basic values 

of the parameters that used by the ripple model for saltation on Mars (the average number 

of reptating grains per impact of one saltating grain, the number density of impact saltating 

grains on flat surface, and the mean reptation length). 

The ripple model is based on the classic approach of Anderson (1987) and includes a correction 

to the reptation flux that depends on the local bed slope. According to Anderson, the sole role 

of saltating grains is to bring energy into the system, extracting it from the wind that blows 

above the surface of the sand. In this view, ripple formation is due entirely to spatial changes 

in the reptation flux. Numerical simulations show that ripples like the basaltic ripples on Eagle 

crater can be developed by shear velocity of 0.5 m/s, much below the fluid threshold. These 

findings can be regarded as an indirect proof of the unique saltation mechanism on Mars.  
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Average flow velocity is the single most important variable required for the calculation of water 

discharge. As the derivation of flow velocity based on roughness is inaccurate, it is desirable to 

directly acquire flow velocity data. This is commonly undertaken by standard gaging techniques 

using a current meter. Current metering utilizing a variety of direct measuring equipment is time 

consuming. At high flood events there are difficulties to obtain direct velocity measurements 

due to logistics  and fast changes in water level. The aim of this study is developing a non-

contact method that will enable determining surface and average flow velocity of ephemeral 

wadis and of perennial streams and rivers inclusive of flood stages.

In this study a Surface Velocity Radar (SVR) uses the principle of the Doppler Effect. The SVR has 

been flume-calibrated, but hitherto has not been used nor has it been calibrated in ephemeral, 

fast-flowing flow conditions in parallel with direct current metering.

Comparing SVR-derived surface velocity measurements (us) with average calculated flow 

velocities based on direct measurements (ua), the ua/us ratio has been determined for 3 wadis 

at northern Negev and Dead Sea, for 2 perennial streams in northern Israel and Dead Sea 

tributaries, and for 7 different cross sections on the large Tagliamento river, a braided river in 

north eastern Italy.   

For the ephemeral wadis the range in the velocity ratio is comparatively narrow, 0.87-0.91. This 

range is in accordance with previous publications. For one wadi the ratio remained unchanged 

with flow depth. For perennial streams the range in the velocity ratio (0.4-1.4) is wider than 

the range based on previous studies. Importantly, the ratio range narrows (0.75-1.05) at flow 

depths greater than 35 cm. This is expected as roughness variations are particularly effective in 

affecting velocity at shallow depths.

It appears that the velocity ratio can be used for the calculation of average velocity from surface 

velocity measured by the non-contact, fast, simple and inexpensive SVR technology. In turn, 

this allows calculation of water discharge cheaper, faster and more accurately than hitherto 

for such fast-changing flow conditions in ephemeral wadis. This methodology is particularly 

relevant for discharge calculation of large floods in wadis as well as in perennial streams and 

rivers.
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Inconsistency of Israel building code site classes with 
Amplification characteristics derived from Microzonation Projects
Zaslavsky Y., Perelman N., Gorstein M., Ataev G., Aksinenko T., Hofstetter R.
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In most National Building Codes, including the recently updated Israeli Standard (SI 413), 

amplification factors for short period Fa (0.2 sec) and for long period F v (1 sec) ground motions 

are defined as a function of the site class which is based solely on geotechnical parameters of 

the upper 30 m of the soil profile, as quantified by the average shear wave velocity Vs,30. 

Over the years, we have conducted site investigations at more than 5500 sites across Israel, 

including more than 30 towns. We have chosen about 1900 soil column models which 

characterize subsoil in the different areas in Israel and calculated the uniform hazard linear 

and non linear site specific acceleration response spectra (10% exceedance in 50 years) for 

each model. Computations are made using the SEEH procedure -Stochastic Estimation of the 

Earthquake Hazard developed by Shapira and van Eck [Natural Hazard 8, 201-215, (1993)]. 

The site corrections Qa and Qv are defined here as the ratio of maximum ordinate of non-

linear spectrum acceleration at the surface to spectrum acceleration at the rock on the same 

period (i.e., calculated from the synthetic accelerograms used as input to 1-D multi-layers soil 

column model) in two period ranges: 0.1-0.7 sec (corresponds to the period 0.2 sec) and 0.8-1.2 

sec (corresponds to the period 1.0 sec). Regression analyses performed in order to define the 

parameters which are better correlated with the ground motion amplification due to local site 

conditions show that site corrections Qa and Qv while having a general trend with observed 

data in several study areas, nevertheless demonstrate large scatter and could not be effectively 

predicted neither by Vs,30 nor by any other independent variable. In the majority of the study 

areas no correlation is observed. 

The horizontal-to vertical spectral ratio should be performed to develop correct model of the 

subsurface. But H/V spectral ratios ratio obtained from measurement only single point may 

not be appropriate for assessment of seismic hazard of engineering construction, because the 

probability of assigning an incorrect soil column model to a single point may be large.
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zircon perspective
Zlatkin O.1, Avigad D.1, Gerdes A.2, Bozkurt E.3

1. Institute of Earth Sciences, the Hebrew University of Jerusalem, Jerusalem 91904, Israel

2. Institute of Geosciences, Mineralogy, J.W. Goethe University, Frankfurt 60438, Germany

3. Department of Geological Engineering, Tectonic Research Unit, Middle East Technical University, 

TR–06531 Ankara, Turkey

The Tauride block was attached to the northern Arabian-Nubian Shield prior to Neo-Tethys 

spreading in the Triassic.  In the Menderes Massif (Western Tauride) a Pan-African basement 

and overlying Gondwanan platform sediments are exposed. Coupled U-Pb geochronology and 

Hf isotopy on zircons obtained from these rocks provide new insights into the geologic and 

geodynamic evolution of this part of Gondwana. 

Neoproterozoic metasediments are the oldest rock units in the Menderes Massif. They were 

deposited in an active margin sedimentary basin. U-Pb age distribution of detritial zircons in 

the stratigraphycally lower unit  within this section (Paragneiss) is dominated by Neoprterozoic, 

Stenian (Grenvillian) and Late Archean-aged detrital zircons. εHf(t) values of about a half of 

the Neoproterozoic zircons is negative, suggesting derivation from an old continental crust 

reworked during Pan-African orogeny (such as in the Saharan Metacraton).  In the overlaying 

schist unit (Bozdag) Stenian-aged zircons are absent and the majority of the Neoproterozoic 

detrital zircons display positive εHf(t) values, indicating derivation from a juvenile source, 

possibly from the Arabian-Nubian Shield. 

Late Neoproterozoic granite intrudes the Menderes metasediments at  551.9 ±3.3 Ma, it 

includes inherited zircons spanning from 600 to 2500 Ma. εHf(t) values of ~550 Ma zircons from 

this granite concentrate around zero: lower than values observed for ANS granites, but higher 

than that expected from a remobilized Late Archean crust. This intermediate value can be 

explained by mixing of a juvenile Neoproterozoic magma with an old crust.  

A Paleozoic cover sequence dominated by siliciclastics at its lower half and pertaining to 

Gondwana platform rests upon the Neoproterozoic basement of the Menderes Massif. A 

yellowish quartzitic layer, likely of lower Paleozoic age, occurs near the base of the sedimentary 

sequence. The U-Pb-Hf signal of detrital zircons from this quartzite resembles the detrital signal 

from Cambro-Ordovician sandstone in Israel and Jordan, suggesting a common source and 

supporting western Tauride – north Gondwana connection during the Lower Paleozoic. Higher 

up in the section, a thick pale quartzite sequence is overlain by Permo-Carboniferous fauna-

bearing marbles and schists. About a half of the detrital zircons in the pale quartzite yield U-



| Israel Geological Society 2011 174

Pb- Hf values identical to that  of the underlying granitic gneiss, whereas the other half exhibits 

a spread resembling that of the underlying Neoproterozoic metasediments. This is taken to 

indicate pre-Carboniferous exposure of the Menderes basement and possibly corresponds to 

a regional unconformity recognized in the Levant.

Several zircons from the granitic gneiss and the overlying Paleozoic quartzites yield U-Pb 

ages of ca. 250 Ma whereas lower intercept calculations for some discordant zircons from the 

Paragneiss and the granitic gneiss provide a similar age. The significance of this age is still not 

clear.
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The Israel Ports Development & Assets Company Ltd. initiated the design of a new container 

terminal as part of the expansion of Haifa port eastwards (the “Bay Port”), contracting the 

design work to H.P.A. Engineers P.C.

The soil and seismic investigation of the project, carried out in 2009-2010, included a shallow 

seismic survey with a total of 154 km of single channel (Boomer) and multi channel (MCS) 

seismic lines. The line spacing of this survey was 50 to 250 m with lines oriented primarily NNW 

and ENE.

The seismic data was interpreted on a Kingdom workstation, and was integrated with 247 

borehole logs and CPT data. The seismic mapping spans an elevation range of 0 to 170 m, 

corresponding to the upper part of the Yafo Formation. The entire survey area is situated within 

the Kishon Graben, at a water depth of 3 to 21 m.

The mapping delineated seven seismic reflectors, which were correlated with key transitions 

identified in the intrusive site investigation data, mainly between clay and sand or calcareous 

sandstone (kurkar) strata. Overall, the reflectors dip gently to the west and northwest. The 

most prominent morphological features that were mapped include two narrow and elongated 

depressions that cut into kurkar layers and are filled with clay. 

The shallower depression, in the Near Top Upper kurkar reflector (average reflector elevation 

-20 m), is 200 to 300 m wide, 3 to 5 m deep and at least 1,300 m long. This depression is believed 

to be the seaward continuation of the Kishon River during the Late Pleistocene, when the sea 

level was much lower.

The deeper depression, in the Paleo-Channel reflector (average reflector elevation -55 m), is 

400 m wide, 30 m deep and at least 4,000 m long. The orientation of the deeper depression 

is SW-NE, and its morphological shape is very similar to the present day Wadi Roshmia (Nahal 

Giborim) seasonal stream that drains part of the north-eastern Mount Carmel escarpment.

We hypothesize here that during Early-Middle Pleistocene, when sea level was at a lower level 

than its present day value, Wadi Roshmia flowed into the sea through the deeper depression 

toward the northeast. According to the seismic mapping, the profile of this channel dips gently 

toward the southwest. This flow direction does not agree with the flow direction of Wadi 
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Roshmia. This apparent change in flow direction might be associated to tectonic subsidence on 

the order of tens of meters of the Kishon block along the Carmel fault. A gentle misalignment 

between Wadi Roshmia and the paleo-channel suggests a sinistral strike slip displacement 

of tens to a few hundred meters since Early-Middle Pleistocene. These inferences should be 

substantiated by additional observations.
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