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DID HOT WATER CAUSE THE LARGEST BLOCK-SLIDE ON EARTH? 

Aharonov E. 1, Anders M. 2 

1. Department of Environmenta1 Sciences and Energy Research, Weizmann Institute of 
Science, REHOVOT 76100 

2. Lamont Doherty Earth Observatory, P.O.Box 100061 Route 9W, PALISADES, NY 
10964-1000 USA 

The Heart Mountain Detachment of southwestern Montana and northwestern 
 y Wyoming is the largest surficiallandslide known to have occurred in Earth's histoו.

This Early Eocene landslide presently covers an area of over 3,400 km2 and moved a 
minimum of 45 km across open terrain. The initial 2 to 4 km thick Heart Mountain 
detachment moved on a slope of about 2° detaching for half it length on a nondescript 
bedding plane in the Ordovician Big Horn Dolomite. Given our current understanding 
of fundamental mechanics, a mass of rock this great should not have slid for such a 
significant distance on a gentle slope without some special condition. Here we suggest 
that a special condition existed during the interval between extensive upper plate dike 
injections and the initial movement phase. The dike injections created elevated fluid 
pressure of water trapped within the Big Horn Dolomite. In our model, the dike 
injections caused overpressuring due to thermal expansion of the trapped water in 
proximity of the dikes. As we will discuss, overpressuring is a mechanism that can 
overcome the mechanical problem of initiating movement on a low-angle surface as 
well as explaining the observed fluidized features along the basal contact of the 
detachment and the observed lack of deformation of the lower plate Big Horn 

. Dolomite 



USE OF AMBIENT MEASUREMENTS FOR ASSESSING DEPTH OF 
REFLECTOR: MEASUREMENTS AND COMPARISON 

Aksinenko T., Zaslavsky Y., Mikenberg M., Ataev G., Gorstein M., Ezersky M., 
Kalmanovich M., Giller V., Perelman N., Livshits 1., Giller D.,Dan 1., Shvartsburg A. 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

During the last decade, site effect is known to be responsible for the widespread 
destruction during several earthquakes. Some of these destructions might have been 
avoided if more information regarding resonant frequencies of the ground had been 
available. 

Areas of high seismisity present opportunities for determining amplification and 
resonant ftequencies through analysis of strong motion data. In Israel, where 
seismisity is relatively low, other methods must be employed to estimate resonance 
characteristics of site effect. Site response in Ha-Shefela region was estimated by 
implementing the HIV spectral ratio of ambient vibration. 

We have used observed resonance ftequencies and their amplification to add 
information and constraints for the development of a subsurface model. The 
microtremor measurements in the town of Kfar-Sava and in the area between the 
towns of Hod-ha-Sharon and Lod allowed us to interpret complicated geological 
structure formed by system of anticlines and synclines on the west side of the fault 
crossing the study area. Comparison of the reflector map derived ftom HIV 
measurements with the structural map of the Top Judea Group shows significant 
difference in the structural elements. For instance, we have observed a deep trough 
that may be followed by a fault in the southern part of the Kfar Sava area, where an 
anticline is located according to the structural map. In reality, the anticline is shifted 
one kilometer to the north. The flexure mapped on the structural map in the Petah 
Tiqva area has no effect on the HIV measurements and is not traced by us. 

Analytical models of site effect allow evaluating local parameters of vibration of the 
soft soil during future earthquakes. In case of lack of detailed subsurface information, 
analytical models may be calibrated by low-cost microtremor measurements. 
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THE ACTIVE TECTONIC-REEF-SEDIMENT SYSTEM IN THE HEAD OF 
EILAT GULF. 

Ariely R.1, Makovsky Y. 1, Agnon A. 2, Ben Avraham Z. 1, Reshef M. 1. 

1. Department ofGeophysics and Planetary Sciences, Tel Aviv University, P.O.Box 39040 
Ramat Aviv, TEL-A VIV 69978 

2. Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 

Our research is aimed to study the recent evolution of the seat100r at the head of the 
Gulf ofElat. We report here our up-to-date results based on detailed processing and 
interpretation of a grid of high resolution Chirp sub-bottom profiles acquired offshore 
Elat in 2002. 

A submerged band of reefs characterized by their distinctive seafloor reflectivity 
are mapped by us sub-parallel to Elat north beach at a depth range of 15 to 35 m. This 
band of reefs and similar sub bottom reflectivity patches to the east of it seem to 
belong to one stratigraphic level. We therefore suggest that they represent rejuvenated 
fossil reefs that evolved when the water level was 15 to 20 m lower than today. 
Sediments that flowed into the gulf subsequently where blocked by this band of reefs, 
flowed around it in the western part, and buried its eastern part where sediment supply 
is greater. Thus the sub-bottom profiles provide insight to the life cycle of a reef, and 
its causal relations with the eustatic sea-Ievel, sediment supply, and tectonics. 
Correlation of discontinuities in the sedimentary section and seafloor lineaments 
reveal two recently-active ftacture systems striking north-east, semi-parallel to the 
western coastline. The first is characterized beIlow about 15 m depth by about 10 m 
down to the west offsets in the sedimentary sequence and a set of elongated mounds 
at the seafloor. A set of ftactures are truncating the shallower sedimentary levels, 
close to the eastern marina of Elat, indicating recent activity along this system. The 
other ftacture system is characterized by a minor bathymetric step; a set of 
diffractions suggesting open cracks at the seafloor; and a discontinuity in the 
sedimentary sequence. This system truncates and offsets the northern reef, and 
intersects with the northern coast of Elat west of the western marina. Both ftacture 
systems project to areas of localized damage in the hotels area of Elat following the 
1995 Dahab earthquake. 
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PRACTICAL ASPECTS OF SITE-EFFECT ESTIMATION 

ArziA.A. 

Geotechnical Consu1tant, 80 Krinizi Street, RAMAT GAN 52601 

The earthquake site effect, due to local geologic and/or topographic conditions, is in 
. many sites an important engineering parameter, often with a surprising magnitude 

Without measurement of vibrations at the site, site-effect estimation is only derived 
ftom calculation for an assumed model of the site based on measured or estimated 
geological, geophysical and topographic data. Such simulation may result in large 

: errors, mainly due to the following limitations 
Even in intensively explored sites, with a high concentration of borings and 

geophysical surveys (reftaction, uphole etc.) there may remain a significant 
uncertainty concerning the true spatial distribution of density and shear velocity 

-values. The latter may vary widely ftom point to point within the same geologically 
defined material and anisotropy, possibly large, may be a further complication. Such 
uncertainties can introduce large errors in the analytically derived ftequencies and 
amplification (including de-amplification) factors of the site effect. For many sites 
with common geological complexity, even if we had somehow obtained 
comprehensive, three-dimensional density and velocity field data, the limitations of 
existing calculation codes would have degraded the results. For the topographic 
effect, existing codes appear to be unreliable even for relatively simple terrain 
features, while special effects such as wave interference at deep underground facilities 

. are still more problematic 
Actual measurements of vibrations at the site provide inherently the most direct 

approach for site-effect determination, although such empirical studies have their own 
: limitations, which include the following 

Empirical studies rarely have an opportunity to sample the strong-motion non-linear 
domain. Typically, results include considerable scatter, especially in amplification 
factors. At sites of low-to-moderate seismicity and high ambient noise, studies are 
practically limited to ambient vibrations, typically yielding only partial results related 

culties in placing ffו to the first resonant mode. Special site limitations may include di 
and maintaining a seismographic array with related communications, lack of desirable 

. reference locations etc 
Hence, currently the best approach for site-effect determination includes, as much as 

possible, both an empirical study of actual seismic motions at the site as well as 
. collection of data for a geological-geophysical-topographic model 

A model is then constructed such as to be consistent with the latter data with their 
reasonable range of uncertainty, while also yielding a theoretically calculated site 
response consistent with the measured values with their range of scatter. A model thus 

, obtained is better constrained, by geology, geophysics, topography and seismometry 
and it is therefore more immune to gross errors in any particular discipline or 
calculation procedure. To such a model, obtained in the linear domain, appropriate 
anelastic properties may be later added for calculation ofthe strong-motion site effect 

. in the nonlinear domain 
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EFFECTS OF URBANIZATION AND AGRICULTURAL ACTIVITIES IN THE 
COSTAL PLAIN OF ISRAEL ON THE CHEMICAL AND ISOTOPIC 
COMPOSITIONS IN THE VADOSE ZONE AND GROUNDWATER 

AsafL.1, NativR.1, GeyerS.2 

1. Department ofSoil and Water Sciences, Hebrew University, P.O.Box 12, 
REHOVOT 

2. UFZ - Umweltforschungszentrum, Leipzig-Halle, D-06120 HALLE, GERMANY 

Over the past few years, the Coastal Plain of Israel has undergone intensive 
urbanization. Many rural and open areas have become urban residential, industrial and 
commercial. Urbanization of rural and cultivated areas can be harmful to groundwater 
resources due to the potential reduction in recharge volumes and contamination of the 
percolating water. In the present study, this problem was investigated in the city of 
Ashdod, located in the Coastal Plain of Israel, where extensive urbanization of 
cultivated and undeveloped areas has taken place over the past 15 years. 

The assessment was based on a large chemical, isotopic and mineralogical data set 
including rainwater (64 rain samples ffom 46 rain events), sediment and pore water 
ffom the vadose zone (115 samples from six boreholes), and groundwater (28 samples 
ffom observation and groundwater supply wells) collected under different land uses 
within the city, and in the surrounding cultivated and undeveloped sand dunes. 
In residential areas, salts are added primarily to the upper part of the vadose zone, 
mainly as a result of calcite dissolution and near-surface evaporation of the 
percolating water. 

Below the cultivated areas, salt buildup was observed across the entire vadose zone 
down to the water table, following the application of fertilizers and the use of treated 
wstewater for irrigation. 
Industrial activities were found to contribute trace metals and organic compounds 
mainly to the upper shallow aquifer. Atmospheric-bome contaminants (e.g. potassium 
and sulfur) could be detected at significant concentrations in the groundwater, close to 
the contributing source areas. 

In the residential areas, the local aquifer was affected by leaky sewers and water­
supply lines, resulting in higher salinity and N03 contamination. Urbanization's 
impact was found to have a lag time of 10 to 25 years due to the long residence time 
of salts in the unsaturated zone below the city. Whereas the urbanization of 
undeveloped areas appears to result in the deterioration of groundwater quality, the 
shift ffom cultivated to residential areas has the (surprising and unexpected) potential 
of improving groundwater quality due to the decreased salt load on land surface. 

5 



LIFE ON THE EDGE: VARIATIONS IN SEA FLOOR VENTILATION OF 
MISHAH FM, CAMPANIAN, UPPER CRETACEOUS, ISRAEL USING 
BENTHIC FORAMINIFERA 

Ashckenazi S. 1,2, Edelman-Furstenberg Y. 1, Lewy Z. 1, Benjamini C. 
2,Almogi-Labin A.1 

1. Geological Survey ofIsrael, 30 Malkhe Israel St., JERUSALEM 95501 
2. Departrnent ofGeological and Environmental Sciences, Ben-Gurion University of 

the Negev, P.O.BOX 653, BEER SHEVA 84105 

At the time of deposition of the Mishash F ormation in the late Campanian, present­
day Israel lay beneath a wide belt of oceanic upwelling along the southern margin of 
the Tethys. The upwelling system was characterized by high productivity, but also by 
temporal and spatial heterogeneity in bottom water condition and consequently in 
sediment character. Variations are expressed in organic matter content and benthic 
foraminifera assemblages, both affected by degree ofsea floor aeration. We examined 
organic rich carbonates (ORC), carbonate-porcelanites, phosphate-rich carbonates and 
shell beds from the carbonate-phosphate unit of the Phosphate Member, Mishash 
Formation, in order to reconstruct the bottom-water conditions and especially the 
degree oftop-sediment ventilation. A total of74 samples from four different sections 
were examined. The Saraf borehole in the Zin basin represents the most restricted 
environment. The Qazra-Omer basin, studied from the Nahal Omer section on the 
basin flanks and the Nahal Ashosh section from the central part of the basin, was 
somewhat less restricted. The Wadi-Kelt section was a more aerated basin closer to 
the open sea. The abundance of benthic foraminifera is highly variable, varying from 
nearly barren stratum to floods of foraminifera (up to 146,000 specimens/ g dry 
sediment). Samples most impoverished in microfauna were the porcelanites, some of 
the ORC and phosphate-rich carbonates. Extremely high numbers occur only in the 
ORC. Generally, the dominant forms are buliminids, comprising 90-100% of the 
entire benthic foraminiferal assemblage. There is a general decrease in the buliminid 
abundance from the most restricted environment of the Zin basin, to the more aerated 
Wadi Kelt basin, indicating an increase in sea floor aeration. Species richness is 
generally very low, usually of 5-6 species/sample in the Zin basin, to a more diverse 
10 - 17 species/sample in the other basins. Praebulimina prolixa is the most abundant 
buliminid, accompanied by other buliminid species that usually occur in significantly 
lower numbers. Further evidence from the benthic foraminifera characteristics allows 
us to assign the ORC rocks to several aeration levels, ranging from dysoxic to anoxic. 
In this way, benthic foraminifera are used for the first time to characterize the variety 
of oxygen-depleted environments, and in higher resolution than has been possible to 
date. 
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CALIBRATION OF HN RATIO BY REFRACTION LINE AND 
CONSTRUCTION SUBSURFACE STRUCTURE: CASES OF DIMONA AND 
ARAD 

Ataev G., Ezersky M., Gorstein M., Zaslavsky Y., Mikenberg M., 
Kalmanovich M., Aksinenko T., Giller V., Perelman N., Livshits 1., Giller D., 
Dan 1. ,Shvartsburg A. 

The Geophysical Institute ofIsrae1, P.O.Box 182 LOD 71100 

Site effects are widely recognized as an important factor of seismic hazard. The 
local geology significantly modifies strong ground motion and controls the irregular 
distribution of damage observed during large earthquakes. Seismic hazard studies 
often make recourse to predictions of ground motion, which take into account site 
effect by theoretical response functions. But these functions should be validated 
empirically through a regional seismic monitoring and analysis program. Three 
hundred nineteen measurements of ambient vibration were registered to produce maps 
of distribution of the fundamental resonance Jiequency and maximum amplification 
over the towns ofDimona and Arad. 

We used seismic reffaction survey carried out in the towns ofDimona and Arad for 
calibration experimental transfer function at points located along reffaction lines. 
Analytical transfer functions calculated with direct use ofthickness and velocity given 
in the shear-wave reffaction surveys yield agreement with corresponding 
experimental spectral ratios. The distribution of fundamental ffequency and 
amplification level were used to estimate layer thicknesses under all measurement 
points. These unknown parameters have been estimated by fitting analytical transfer 
function to the experimental spectral ratio. In the corresponding optimization 
procedure values of shear wave velocity were fixed and taken ffom reffaction lines. 
The practical relevance of the investigation is illustrated by means of cross sections, 
constructed Jiom results of ambient vibration analysis, which provide a convincing 
image ofthe subsurface structure ofthe areas investigated. 

The site response analysis shows that Dimona and Arad can be subdivided into six 
and three zones, respectively. For each zone we adjusted typical soil column model 
for calculation of the response spectrum throughout the whole zone. The shape of the 
spectra obtained for all zones are significantly different in the ffequency range 2.0-5.0 
Hz Jiom the ones prescribed in the design provision for earthquake resistance of 
structures in Israel. 
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THE GEOLOGICAL HISTORY OF THE ISRAELI CONTINENTAL SHELF 
BASED ON LATE QUATERNARY SUCCESSIONS 

Avital A. 1, 2, 3, Almogi-Labin A. 2, Benjamin C. 1 

1. Department of Geological and Environmental Sciences, Ben-Gurion University of 
The Negev, P.O.BOX 653 BEER SHEVA 84105 

2. Geological Survey ofIsrael, 30 Malkhe Israel St." JERUSALEM 95501 
3. Current -Tahal Consulting Engineers LTD, TEL-AVIV, 11170. 

The shallow Israeli continental shelf is a unique area which records in great detail 
the history of past climate and sea level change. The transition zone between the land 
and the deep sea is a key area for paleoclimate reconstruction because of the 
interfingering marine and continental records. Late Pleistocene - Holocene carbonate­
rich sands interbedded with silt and clay horizons were encountered in two boreholes, 
0.5 and 2.5 km off Ashqelon, at 9.5 and 25 m water depths. Data collected consists of 
sedimentological, and quantitative foraminiferal studies for correlation and 
reconstruction ofthe marine environments. The cores were dated using (AMS) 14C, u­
Th (TIMS) and luminescence, enabling correlation to the marine isotope stage (MIS) 
chronostratigraphy. Above a basal unconformity at about 80 m depth lays a 
carbonate-rich siliciclastic unit dated at -330-225 kyBP, which records the 
interglacial MIS 9 and 7.5-7.3, and the intervening glacial MIS 8. Rapid climate and 
sea level fluctuations are represented by heterogeneous rocky substrate and lateral 
facies variants shallowing to the east. Following is silty-sandy marine sediments, 
deposited between 225-172 kyBP, representing major increases in Nilotic input and 
near-shore marine productivity. Sea level fell towards the end of the penultimate 
glacial, MIS 6.4-6.3, with the shoreline migrating westwards as demonstrated by 
intertidal beachrocks in the eastem core. Continuation of sea level fall is evidenced by 
the overlying paleosol, known onshore as the Poleg Hamra. During the last 
interglacial MIS 5, between 128-70 ka BP, resumption of Nile River activity is 
indicated by the accumulation of marine sands. A break in the marine sedimentation 
occurred during MIS 5.4, when sand dunes formed 2 km west ofthe present coastline 
under arid conditions and sea level fall. During the early part of the last glacial, -70-
-55 ka BP, marine sands and indurated sandstones accumulated in the west at a low 
rate, reflecting reduced Nile River contribution. Between -40 and -10 kyBP, sea level 
gradually fell, the entire shelf became exposed and a paleosol corresponding to the 
onshore Netanya Hamra developed. As the early Holocene sea level rose, rates of 
sedimentation increased rapidly, and sands and silty sands covered the entire pre­
Holocene exposed shelf. Towards the east silty clays of a brackishlftesh water origin 
accumulated. This unit seems to be intimately linked to the rapid sea level rise, high 
rate of deposition, and humid climate conditions prevailing in the early part of the 
Holocene 
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THE ROLE OF CLIMATIC CHANGE IN THE BYZANTINE- EARL Y ISLAMIC 
TRANSITION: THE CASE OF THE NEGEV lllGHLAND 

Avni Y. 1,2, Avni G. 3 

1. Geological Survey ofIsrael, 30 Malkhe Israel St., JERUSALEM 95501 
2. Ramon Science Center, Ben- Gurion University ofthe Negev, MIZPE RAMON 80600 
3. Israel Antiquities Authority, P.O.BOX. 586, JERUSALEM 91004 

Archeological and geological research conducted in the Negev Highlands during the 
past 25 years consistently indicated that the transition between the Byzantine and the 
Early Islamic periods (6th - gth centuries CE) was characterized by the continuity of 
the environmental conditions, with no indication of a climatic change. 

The archaeological record includes hundreds of farms and agricultural installations, 
which together with the main Byzantine towns of the Negev Highlands - Halusa, 
Avdat, Mamshit, Shivta, Nessana, and Rehovot in the Negev, formed an intensive 
settlement pattem which combined agriculture, herding and commerce as an 
economical basis for the Negev population. This intensive pattem continued to 
function during Early Islamic period and was gradually abandoned only during the 9th 

century CE as a result of complex political and social processes. 
During the Early Islamic period the agricultural settlements penetrated even to the 

remote southem regions of the Negev Highlands, in which the environmental 
conditions are much degraded and the amount of rain is smaller relative to the central 
and northem regions ofthe Negev Highlands. This may serve as an indication that the 
environmental conditions during this period were not degraded as a result of a 
climatic change, as claimed in several recent studies. The existence of widespread 
anthropogenic activity during these periods was a result of a wise utilization of the 
natural desert conditions including the optimized use of desert floods resulting ftom 
the precipitation regime which in its general characteristics seems to fit the present 
one. 
Therefore, this new data indicates that the climatic component was not a significant 

factor in the dramatic historical and cultural shift resulting ftom the collapse of the 
Byzantine regime in the Near East, which was replaced by the Early Islamic 
dynasties. 

As almost 100 years have passed since Elsworth Huntington published his theory 
which highlight the importance of dramatic climatic changes as a trigger to major 
historical and cultural shifts, the archaeological and geomorphological research done 
in the Negev indicates that the human factor is much more significant than the 
climatic factor. 
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MUL TI-PHASE TECTONICS AROUND BEER SHEVA - AN INTRODUCTION 
TO FIELD TRIP 

Bahat D. 

Department ofGeological and Environmental Sciences, Ben-Gurion University ofthe Negev, 
P.O.BOX 653, BEERSHEVA 84105 

More than twenty sets that represent distinct fi"acture events of joints and faults have 
been identified in the Beer Sheva and Shephela Eocene synclines around Beer Sheva. 
They provide the basic information for two fi"acture groupings. First, a 'joint 
classification' into five categories: Burial, syntectonic, uplift, post-uplift and surface 
joints. Second, a 'fault-joint classification' (FJR), which consists of eight temporal 
relationships (types) between faults and their associated joints (two more are 
predicted). These include: Pre-fault burial joints, post-fault burial joints, syn-fault 
syntectonic joints, post-fault early uplift joints, pre-fault late uplift joints, and other 
FJR types. Representatives of these two groupings will be shown in six stops during 
the trip. 

The joint classification predicts for hydrologists and engineers what should be the 
distinct physical properties (like dimensions and spacing) of joints that belong to the 
five categories. The fault-joint classification may help geologists to trace different 
stages in the evolution ofbasins. From the eight FJR types observed in the Beer Sheva 
syncline (Bahat et al. 2004, Table 6.3), this abstract concentrates on types 5 and 6 in 
WadiNaim. 

Type 5 joints formed at a fault termination zone cutting a Middle Eocene chalk 
layer during the uplift stage. The termination zone consists of a primary fault, three 
secondary faults, and a joint set. The primary is a vertical right-lateral strike-slip fault, 
striking 318°. A set ofthree partly curved secondary faults initiates at the tip ofthe 
primary fault, and a joint set striking 344° curves sympathetically with the primary 
and secondary faults in a close proximity to the faults. The 344° striking joints are 
exclusively associated with the faults, and they are termed syntectonic joints. Another 
joint set, the 028° one, is ubiquitous in Wadi Naim. Where the latter joints approach 
the termination zone they arrest or interact (hooking style) with the 344° strikingjoint 
set, but they never penetrate to the termination zone. Therefore, the 028° set postdated 
the termination zone in the same chalk layer, i.e., they are younger than type 5 FJR 
joints. Thus, sets 344° and 028° belong to two separate fi"acture events: An early and 
an advanced one during the uplift process (Bahat 1999). 

Type 6 joints are cut by the Naim normal fault A, which occurs above the fracture 
termination zone. Type 6 joints belong with set 028° to the same ubiquitous fi"acture 
system in Wadi Naim. Thus, three distinct fi"acture stages are recorded fi"om the 
uplift(s) process at this location: The fault termination zone was followed by a system 
of joint sets (like 028°), which was partly cut by the young, normal fault A. 
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'EARL Y JOINTS' IN SEDIMENTARY AND GRANITIC ROCKS. 

Bahat D. 

Department ofGeological and Environmental Sciences, Ben-Gurion University ofthe Negev, 
P.O.BOX 653, BEER SHEVA 84105 

There are indications that the classification into 'late joints': Syntectonic, uplift and 
post-uplift joint categories in sedimentary rocks has been also useful for grouping 
joints in granitic rocks. However, quite a different situation is encountered when 
early joints' are concerned. It seems unlikely that early, 'cooling joints' that form ' 

during the cooling and consolidation ofthe granite would form resembling features to 
the early, 'burial joints' in sedimentary rocks, simply, because their ffacture 
mechanisms are expected to be drastically different. Surprisingly however, 'cooling 
joints' ffom the North Bohemian Massif and the South Bohemian Pluton in central 

a Nevada Batholith in California show similarities to חEurope, and ffom the Sie 
ffacture patterns ffom both, the 'Cloos's 1921 model' for granitic rocks and the 
Steams' s 1968 model' for sedimentary folds. This resemblance implies that, within ' 

their extremely different setups, these two rocks respond similarly to regional stresses 
and strains, in terms of extensile fracture. Although the actual fracture in these 
granites is induced by pore pressure, the orientation of the joints is controlled by 

. remote stresses 
It is generally accepted that shortening parallel to the general SW-NE compression 

direction has been exerted by the underthrusting Pacific plate on the various 
era. This strain has been associated with an ןןcomponents ofthe North American Cordi 

elongation along the general NW -SE direction in these regions. As expected, these 
a Nevada חstress and strain modes have resulted in extensive jointing. In the Sie 

Batholith strikes of orthogonal sets were measured in the NE and NW directions and 
in the N-NW and E-NE directions (e. g. Segall et al. 1990 and references therein). It 

espond to the Q-joints, and חwas suggested that the NE to E-NE oriented joint sets cO 
. their orthogonal sets fit the S-joint pattern ffom the 'Cloos's 1921 model' (Bahat et al 

.) 354 . 2004, p 
Differences are also important. Possibly, the association of conjugate extension 

ffactures (CEF) with the axial extension ffactures (AEF) in sedimentary rocks and the 
absence of the former in granitic rocks relates to the high strength of granites. This 
results in the decrease ofthe dihedral angle (formed by the CEF) in the tensile part of 
the Mohr diagram, compared with the dihedral angle increase with stresses within the 
Coulomb ffacture criterion regime, in the positive side of the Mohr diagram (Bahat et 

.) 2.2.13.3 al. 2004, see discussion on the reliability ofthe results in sub-section 
esponding AEF with Q חTherefore, even if CEF do occur in association with their cO 

possibly ןן,and S-joints, their angular deviation ffom the axial direction would be sma 
. undetected in the field 
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GEOMORPHIC SURFACES AS INDICATORS FOR TECTONIC UPLIFT OF 
THE MOUNTAIN BACKBONE OF CENTRAL ISRAEL 

Bar (fargo) O. 1, Zilberman E. 2, Gvirtzman Z. 2, Feinstein S. 1. 

1. Department of Geological and Environmental Sciences, Ben Gurion University of 
the Negev, P.O.Box 653, BEER SHEVA 84105. 

2. Geological Survey ofIsrael, 30 Malkhe Israel st., JERUSALEM 95501. 

This study traces uplift stages during the Neogene ofthe westem slopes ofthe Judea 
and Samaria mountains, part of a comprehensive analysis exploring tectonic causes of 
uplift of the mountain backbone in central Israel, and its possible connection to the 
development ofthe eastem Mediterranean basin. 
Geomorphic surfaces (GS) are remnants of ancient low-relief landscapes developed 

by subaerial erosion or marine abrasion during long periods of stability. Relicts of GS 
are best preserved along watersheds, where they can be recognized in topographic 
profiles. Only widely distributed GS remnants discordant with geologic structure were 
considered useful in this study. We used the GIS program ArcView for identification 
and correlation of GS. Phases of geomorphic surface (GS) stabilization were 
identified as follows: 
(1) The uppermost GS (UGS) is ofregional extent, and is represented by the highest 
summits of the Hebron ridge and Ba'al-Hatzor Mt. The age of this surface was 
assumed (Picard, 1943, 1951) to be Oligocene to Early Miocene. 
(2) A series of younger, narrow, less mature surfaces incised into the UGS. 
(3) A lower, more widespread surface, covering large areas around Jerusalem and 
named here the "Jerusalem surface". This surface incised into the earlier GS phases, 
and represents remnants of wide and shallow valleys of the precursors of the Soreq 
and Shilo valleys, superposed across the present watershed of Israel. 
(4) A renewed phase of intensive incision, forming terraces instrumental in initial 
shaping of the present narrow Soreq and Shilo valleys. These terrace systems 
gradually merge into an abrasional marine terrace along the westem slope of the 
mountain backbone, overhanging the Higher Shefela surface. 
(5) The Higher Shefela surface of Sneh and Buchbinder (1984), extending along the 
westem margins ofthe mountain backbone, beneath the surface ofphase 4. This is an 
abraded marine terrace capped by Middle Miocene sediments. North ofPark Canada, 
it cuts into hard Judea Group rocks, forming a narrow geomorphic step. 
(6) The Lower Shefela surface of Sneh and Buchbinder (1984) is significantly wider 
and more continuous, and is covered by rocks ranging in age fi"om Middle Miocene to 
Late Pliocene, and was formed under multiple abrasion and denudation events. 
The UGS, the Jerusalem surface and the Lower Shefela surface represent long periods 
of tectonic stability, while the geomorphic steps in between may represent shorter 
phases ofstability during tectonic uplift. Our data indicate that a significant part ofthe 
central Israel mountain backbone uplift took place during the Lower to Middle 
Miocene. 
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BIQAT SA YY ARIM EXPERIMENT - AN EXAMPLE FOR SUGGESTED 
MEASURES TO IMPROVE GEOPHYSICAL TECHNIQES WITHIN THE 
FRAMEWORK OF THE CTBT 

Bartov y. 1, Ezerski M. 2, Frieslander U. 2, Ben Gai Y. 2 

1. Geo1ogica1 Survey oflsrae1, 30 Ma1khe Israe1 st., JERUSALEM 95501 
2. The Geophysica1 Institute oflsrae1, P.O.Box 182 LOD 71100 

According to the Comprehensive Test Ban Treaty (CTBT), a variety of geophysica1 
techniques have been inc1uded within the activities ofthe On Site Inspection (OSI). 
Being of an intrusive nature, cost1y and comp1icated to operate, the geophysica1 
techniques shou1d be carefu11y tai10red to the specific scenario, the nature of the 
inspected area, its size and geo1ogica1 rea1m. 

In order to enab1e the appropriate operation of the geophysica1 techniques in the 
fie1d during an OSI, State Signatories that have re1evant information concerning the 
specific nuc1ear test signatures, are encouraged to provide a wide scope of this 
phenomeno1ogy, or to initiate a research p1an, which might enab1e we11-considered 
techno1ogy se1ection in the fie1d in case of an OSI. This research wou1d a1so re1y on 
pub1ic domain sources. 

As part of the proposed research p1an, the various geophysica1 techniques inc1uded 
in the treaty cou1d be tested in either former nuc1ear tests sites (taking into account the 
time factor), or in recent chemica1 exp1osions test-beds. 
The Israe1i Biqat Sayyarim experiment is presented as an examp1e of such a research 
p1an, which was initiated by the lAEA . Seisrnic reflection, seismic reftaction and 
CVES surveys were performed at a site, where another seismic ca1ibration 
experiment, performed by the Geophysica1 Institute oflsrae1 took part. 
Changes in rock mechanica1 properties, as we11 as subsurface structures, were 
identified in these surveys at moderate depth, be10w re1ative1y sma11, part1y contained 
events. 

The recognition of sub-surface structures is usua11y dependent on the pre-event 
existing information. Geo1ogica1 considerations might reduce the abso1ute 
dependence. 
The geophysica1 techniques described herein bear out the potentia1 capabi1ities as OSI 
techno1ogies. The seismic reflection and reftaction methods are proven to be a strong 
too1 in detecting sub-surface anoma1ies. The CVES method is not a stand-a1one one, 
but might be considered as comp1ementary. 

This project is an examp1e for future experiments, simu1ating underground nuc1ear 
tests, to he1p in pointing out the appropriate geophysica1 methods, as we11 as in their 
parameters se1ection. 
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THE ORIGIN OF NEOPROTEROZOIC PERALKALINE GRANITES IN THE 
NORTHERN ARABIAN-NUBIAN SHIELD (SINAI): NEW INSIGHTS FROM 
OXYGEN ISOTOPE RATIOS IN ZIRCON 

Be'eri y. 1, Katzir Y. 1, Eyal M.1, Valley J.W. 2, Ganor J. 1 

1. Department of Geological and Environmental Sciences, Ben-Gurion University of 
the Negev, P.O.Box 653, BEER SHEVA 84105 

2. Dept. ofGeology and Geophysics, University ofWisconsin, MADISON 
WI 53706, US 

The Arabian-Nubian Shield (ANS) comprises Neoproterozoic juvenile crust formed 
during the East Aftican Orogeny (EAO). Exposed ANS rocks are found in western 
Arabia, the northeastem parts of Aftica, the Sinai Peninsula and in minor exposures in 
southem Israel and Jordan. Per-A1kaline granites in the ANS are attributed to the last 
tectono-magmatic phase affecting the shield between 600-530 Ma and are considered 
A-type post-orogenic granites. 
The two main reservoirs for magma-generation, the crust and the mantle, have 

distinct oxygen isotope signatures, making 5180 a valuable tracer for the origin of 
magmas. While mantle 5180 is thought to be homogeneous, the crust may be affected 
by either low temperature isotope ftactionations during surface processes resulting in 
higher 5180, or by hydrothermal alteration resulting in lowering ofits 5180 va1ues. As 
zircon (Zm) has been shown to preserve igneous oxygen isotope ratios through post 
magmatic cooling, alteration and metamorphism, the relative contributions of mantle 
and crustal sources to a chosen pluton can be estimated by the 5180 values of its 
zircons. 

We present here preliminary 5180 (Zm) results ftom pera1kaline A-type granites of 
the Sinai Peninsula. The Sahara pluton of southem Sinai, and the Um-I-Fai pluton of 
eastem Sinai have 5180 (Zm) values of 5.14::1:0.1%0 and 5.49:1:0.1%0 respectively, 
corresponding to 5180 va1ues of mantle zircon (5.3::1:0.3%0). These results are 
consistent with a mantle source for these granites and are in agreement with tectonic 
models for A-type granites. The Sharm pluton of southemmost Sinai shows 5180 
(Zm) of 4.8::1:0.1%0 slightly lower than the expected 5180 mantle range. This 180_ 
depletion suggests a contribution of hydrothermally altered crust to a mantle-derived 
magma. This interpretation is also supported by the occurrence of a large amount of 
xenoliths in the Sharm pluton, while the Sahara and Um-I-Fai plutons are xenolith­
poor. 
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10Be AND 14C IN THE HYDROLOGICAL- LIMNOLOGYCAL SYSTEM OF 
THE MODERN DEAD SEA-IMPLICATIONS FOR PALEOHYDROLOGY 

Belmaker R. 1, Lazar B. 1, Beer J.2, Yechieli y.3 ,Stein M.3 

1. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 
2. Swiss Federal !nstitute of Environmental Science and Techno1ogy (EA W AG), 

Ueber1andstrasse 133, CH-8600, DOBENDORF, SWITZERLAND 
3. Geo1ogica1 Survey ofIsrae1, 30 Malkhe Israe1 st., JERUSALEM 95501 

The cosmogenic isotopes 14C(tI/2=5.73xl03year) and IOBe(tI/2=1.52xl06year) have 
similar production modes but differ significantly in their geochemicaI behavior. After 
their production in the uf.per atmosphere 14C is oxidized to CO2 and enters the gIobaI 
carbon cycle whereas I Be quickly absorbs to aerosols and after a mean residence 

. time of 1-2 years it is washed out ofthe atmosphere by dry and wet precipitation 
In f1uviaI and Iacustarine environments the pathways in the geochemicaI cycles of 

ain is חIOBe and 14C multipart: IOBe, after its deposition on the drainage basin te 
washed within the f1uviaI system, hence, during the Quarternary its concentration in 
Iake sediments was most probably dependant upon the hydrologicaI regime within the 
drainage basin. 14C on the other hand was affected by equilibration between the 
atmosphere and the runoff, the "reservoir effect", addition of "dead carbon" ffom the 
surrounding Iithology and by radioactive decay. The similarities in the production 
mode and the differences in the geochemicaI behavior between these two cosmogenic 

. isotopes open the way to use them as combined hydrologicaI-limnologicaI tracers 
The aim of our research is to understand the behavior of 14C and IOBe in the 

. hydrologicaI-limnologicaI s1cstem ofthe Dead Sea 
We analyzed the 14C and °Be concentrations in the various water components ofthe 

.) Dead Sea hydrologicaI cycle (Dead Sea, saline springs and various ffeshwater inputs 
14C values range ffom 50-60 pmc in the ffesh water springs; 85 pmc in Dead Sea 
water and up to 100 pmc in floodwaters. IOBe concentrations decreased along a f100d 
evolution profile: 1.5xl04atoms·gr·1 in rain, 0.8xl04atoms-gr·1 in runoff and 0.4xl04 

1 · atoms-gr·1 in floods. IOBe concentrations ofmodern dust and Ioess (2.4xl08 atoms-gr 
and 3.1xl08 atoms-gr·1 respectively) are similar to those in detritus materiaI from Lake 
Lisan(2xl08 atoms-gr·l ) and are order of magnitude higher than in the Lisan 

.) authigenic aragonite(0.17xl08 atoms-gr·I 
Our data suggests that the main source of IOBe to the Dead Sea drainage basin is 

atmospheric dust, which part of is transported with the floods into the Dead Sea basin 
and p,art settles directly upon the Iake. From this conclusion we propose that the IOBe 
and 4C geochemicaI cycles in the Dead Sea could be described in two simple box 
modeIs. This wiII be varified by further investigating the behavior and fate of IOBe in 

. the hypersaline Iacustrine environment of the Dead Sea 
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STRATIGRAPHY AND PALEOECOLOGY OF THE AVNUNITAMAR CYCLE, 
NORTHERN NEGEV,ISRAEL 

Benjamini C. 

Department ofGeological and Environmental Sciences, Ben-Gurion University ofthe Negev, 
P.O.Box 653, BEER SHEVA, 84105 

A new study ofthe Avnon-Tamar depositional cycle ofthe northern Negev is placed 
in a revised depositional and sequence stratigraphic context. Two main sections 
(Nahal Gov, Efe) and eight subordinate reference sections have been sampled. Three 
subregions were determined: Dimona, Yeruham and Ma'ale Aqrabim. Along with 
detailed sampling of rocks for laboratory observation under the microscope, field 
tracing and mapping has been done in order to track and image the main 
paleoecological elements ofthe Cenomanian (-95 million years ago). The Avnon Mbr 
begins with a bioturbated, nodular packstone facies rich in echinoderms including 
pelagic crinoids, thin-walled mollusks, rare oysters, oligosteginids and benthic 
foraminifera, and sporadic planktonic foraminifera, signifying an aerobic, subphotic 
outer-ramp to basinal environment. This sedimentary package at the base of 
AvnonITamar cycle represents a TST (Transgressive Systems Tract). A thin 
laminated horizon with planktic foraminifera indicates an episode of oxygen depletion 
and includes the MFS (Maximum Flooding Surface). This facies aggrades upwards to 

, more proximal packstones, occasionally with winnowed accumulations of Orbitolina 
-indicating the preliminary phase of the HST (Highstand Systems Tract). The rnid 

ramp packstones are abruptly terminated by prograding cross-bedded coarse bioclastic 
rudist buildups ofthe Mid-HST phase. A DLS (downlap surface) is located either at 

-this transition or somewhat lower, at the first accumulations ofbioclastic packstones 
depending on variation in local properties of sections. Lateral to these buildups are 
patches of larger foraminiferal grainstones and packstones representing passage to the 
inner ramp/lagoonal facies ofthe top ofthe Avnon Mbr. At this stage ofthe cycle the 
prolonged aggradational upper HST first appears. Fenestral microbialitic dolomites 
of the overlying Tamar Mbr have been explained as indicative of slow subsidence 

. under supratidal conditions 
On closer examination, however, Tamar Mbr cycles may not be dominantly 

supratidal. Curiously absent or at least very uncommon are peritidal features such as 
, flat-pebble conglomerates (storm rip-ups have been found), desiccation cracks, karst 

or pedogenesis. Cycles consist of bioturbated mudstones topped by a small mollusk 
packstone. Attempted colonization of cycle tops by a variety of organisms fail to 
develop 'keep-up' buildups. Inevitably, cycles terminate in fenestral microbialitic 
mats and 'give-up' features, such as bored surfaces or iron crusts, which could well be 
subtidal. These features can be explained by mesotrophic conditions, inhibiting 

. development of carbonate buildups 
2000) showed the Ce-Tu transition in Israel was ( וaRecently Buchbinder et 

,. underlain by the a type III drowning sequence boundary (following Schlager, e.g 
1999). This drowning surface is at the position ofultimate disappearance ofthese 
Tamar cycles. Continued subsidence, coupled with gradual, long-term deterioration 

, of'keep-up' buildups, symptomatic ofecosystem inhibition by nutrient stress 
-apparently led to widespread 'basinal' type sedimentation across the shelf, as the Ce 

. Tu boundary is approached 
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F ALLUVIAL RIVER סN סR PREDICTING THE REACTI סDEL F סM 
CHANGES IN THE DEAD SEA WATER LEVEL סCHANNELS T 

Ben-Moshe 1. 1, Enzel Y. 1, Zilberman E. 2. 

1. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 
2. Geological Survey ofIsrael, 30 Malkhe Israel St., JERUSALEM 95501 

The reaction of alluvial rivers to changes in baselevel' s altitude was studied by 
.) many researchers and by different methods (empirical, quantitative, physical, etc 

The Dead Sea region is a unique field laboratory to examine the reaction of a fluvial 
, system to baselevel change, because of its drastic level changes during history 

especially during the last century, the fast reaction ofthe rivers that flow into it, and 
the availability of detailed data. Most of the works done so far in this region have 
presented a situation report, and didn't deal with the predicted continued changes. By 
combining empirical and quantitative approaches, we have managed to build a model 
predicting the reaction of the longitudinal profile of different rivers to changes in 
baselevel, which is based on a sediment diffusion equation. By using diffusion as an 
analog to the processes occurring in the river, where material is being transported 
downstream ftom steep segments to moderate ones, we have bypassed the complexity 
of the system and the dependence of the different parameters on each other and on 

. external factors 
The research was carried out on 8 wadi channels along the northem basin of the 

Dead Sea, in the segments between the shore and the Dead Sea road. The road reacts 
as a nickpoint and a local baselevel, and prevents the upstream influence of the 

-baselevel change. The channels chosen have minimal human interference, have fill 
cut terraces record and represent different morphological characters. For the 
calibration and validation of the model we reconstructed longitudinal profiles of the 

' channels ftom various years, by mapping and surveying of old terraces. The terraces 
ages were determined by the altitude ofthe shoreline that they join, it's matching with 

. the Dead Sea level curve, and by aerial photos 
The parameters that were supplied to the model were the Dead Sea levels curve, the 

location of the shoreline every year (as deterrnined ftom aerial photos), and the 
reconstructed profiles. In the calibration stage, the diffusion coefficients and sediment 
fluxes were found, by running the model between longitudinal profiles of different 
years. In the validation stage, the same coefficients were used in runs between other 
years, and the matching of the predicted profile to the measured profile of the target 

. year was checked 
We have shown that most systems along the Dead Sea behave in a diffusional 

pattern, and this analog can represent the aggradation and degradation processes, as a 
reaction to baselevellowering. This tool can be used for future planning of 
inftastructure in the Dead Sea region. The analysis of diffusion coefficients in rivers 

assess the influence ofthose סtwith different hydrological parameters can help 
. parameters on the reaction of rivers to baselevel changes 
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THE INTENSITY OF THE GEOMAGNETIC FIELD DURING THE LAST 6 
MILLENNIA - RECORDED IN SLAG DEPOSIS FROM ARCHAEOLOGICAL 
SITES IN THE SOUTHERN LEVANT 

Ben-Yosef E. 1, Ron H. 1, Agnon A. 1, Tauxe L. 2, Levy T. 3, Avner U. 4, Najar 
M. 5. 
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USA. 
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We have tested a novel medium with an improved experimental protocol for the 
reconstruction of the geomagnetic field intensity during the last six millennia. The 
novel medium, namely copper slag, is distributed in many archaeological sites 
throughout the Old World and especially in the large production centers of the 
southem Levant. Slag deposits are the archaeological analog ofvolcanic glass that has 
proven to be exceptionally reliable for absolute paleointensity measurements of the 
geomagnetic field. 

Our experiment is based on the classic Thellier-Thellier method and combines the 
advantages of common Thellier-Thellier protocols; it also uses sever criteria for 
testing and filtering the results, in order to establish a well accepted data base that can 
be viewed as a reference within the enormous amount of inhomogeneous and often 
questionable paleointensity data. 
27 sites, mainly ftom the regions of Feinan and Timna, have been sampled. The 

results of the paleomagnetic measurements has shown that slag-deposits are the best 
recorder for geomagnetic paleointensity studied so far, especially in comparison to 
other archaeomagnetic material that consist of bumed clay. The new data creates a 
reliable and high-quality paleointensity variations curve. This curve is a key for 
studying the behavior ofthe earth magnetic field and its triggers; moreover, it is a tool 
for understanding phenomena that relates to the geomagnetic intensity such as 
shielding of cosmic radiation and creation of cosmogenic isotopes, climatic changes 
and variations in the biosphere. 
The curve can also be used as a dating tool for archaeological sites that has 

problematic age determination. It is suitable mainly for some of the earliest periods 
(Chalcolithic - Bronze) and for the sites of the desert regions, where the accepted 
scheme of ceramic typology is problematic. 
In general, we have found low geomagnetic field intensity during the Sth and 4th 

millennia B.C, a peak in the first half of the lst millennium B.C. and some smaller 
scale fluctuations in between. Our curve agrees with some other studies, and is 
consistent with the interpretation that the directly measured recent decay of the 
geomagnetic field intensity is a fluctuation of a magnitude common in the field and 
not a drastic change that leads towards reversal. 
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SPATIAL ANALYSIS OF THE DEAD SEA DRAINAGE AREA AS A TOOL 
FOR ASSESSMENT OF SURFACE FLOW VOLUMS INTO THE DEAD SEA 

CalvQ R. 

Geological Survey ofIsrael, 30 Malkhe Israel St., JERUSALEM 95501 

Due to high utilization of tfesh water around the Dead Sea by all surrounding 
countries (Israel, Jordan, Syria, and Lebanon) the amount of surface flow volume into 
the Dead Sea is almost insignificant. The aim of this current study is to give an 
assessment of the surface flow and to reduce the uncertainties in the Dead Sea water 
balance (inflow-outflow-evaporation-sea level). The study is part of the Dead Sea 
limenological calibrated model study, currently conducted in the Geological Survey 
oflsrael. 

The surface flow into the Dead Sea, which is measured by standard hydrometric 
station, is mainly restricted to the northem parts ofthe Dead Sea drainage areas (the 
Jordan River). The flow tfom all seasonal streams, which are more abundant around 
the Dead Sea, will by assesed according to the statistical model of tfequency, 
discharge and flow volume calculated by the Hydrological Service of Israel. This 
model is based on the relationship between tfequency, volume, average annual rain 
distribution and basin size. Relationship also exists with the lithological distribution in 
the basin. 

The aim of this study is to consolidate a formula connecting the physiographic 
(elevation, slope, basin size), geologic (lithology), and meteorological (average 
annual rain) with the measured flows. The formula will be based on all hydrometric 
station, and will be used for the Dead Sea basin. 

"Arclnfo GIS" software, along with "ArcHydro", and "Spatial Analysis" extensions 
were used. The software allows hydrological modeling, stream network building and 
watershed border deliniation, based on a digital elevation model (DEM). 
Current achievements: 
1. The drainage area to the Dead Sea was delineated. It is 43,471 sq Km. 
2. A lithological map ofthe Dead Sea drainage area is completed. 
3. The drainage area is subdivided into four main watersheds (Jordan River, Nahal 
HaArava, eastem areas, and westem areas). The physiographic, geologic, and 
meteorological nature of all sub watersheds was study. 
4. The physiographic, geologic, and meteorological nature ofall hydrometric stations 
drainage area where prepared for the formula establishment. 
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THE CARBON DIOXIDE CONCENTRATION AND ITS ISOTOPIC 
SIGNATURE IN THE AIR OF THE SOREQ CAVE 
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We report preliminary results of the concentrations of CO2 and its isotopic signature 
in the air of the Soreq cave. Air samples have been collected trom several sites in the 
cave, trom the visitor hall entrance (adaptation hall) and trom outside the cave. 
Factors that control the C02 concentrations and its isotopic signature in the cave are 
breath exhalations of visitors in the cave, out gassing from water drops falling from 
stalactites and exchange with the outside atmosphere. 
The CO2 concentrations measured in the Soreq Cave are up to 4 times hiSher than in 

the outside air. Inside the cave, the air contains ~ 1400 ppm C02 with d 1 C = -19%0 
and dl80 ~ - 5.5%0. In the absence of visitors in the cave clear gradients in C02 and 
in dl3C are observed from the cave to the adaptation hall, to the tree air. When the 
entrance door to the cave is held open for 5 minutes (which is the average entrance 
time for a group of visitors), CO2 leaks trom the cave outwards and raises the 
concentration and isotopic signature in the adaptation hall to become equal to that of 
the cave. Another path of CO2 outflow only trom the cave to the tree air is through 
cracks in the roof. 

The two sources of CO2 in the cave (exhalations and drippings) are different in their 
C02 and d13C, and both are very different from atmospheric 13C02. The 190,000 
annual visitors in the cave contribute ~ 2000 m3 of C02 which are ~60 times the 
volume of CO2 in the cave. However, if this was the only contribution of CO2 to the 
cave we would expect the cave atmosphere to have d l3C ~ -24%0, which is the value 
of human exhalation. But, the measured value in cave air is dl3C = -190/00 and 
therefore contributions of CO2 with heavier 13C, such as trom stalactite dripping and 
exchange with outside atmosphere are expected. We present tentative models for the 
balance of CO2 and d 13C in the cave air. 
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GIS-BASED SOIL DATABASE INCORPORATED WITH REMOTEL Y­
SENSED DATA: PRELIMINARY RESULTS 
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This study presents the flfst stage of the project "Integrated Forecasting of Desert 
Terrain Conditions for Mi1itary Operations", he1d by researchers ftom the Desert 

, Research Institute, University of Washington, The Hebrew University of Jerusa1em 
, and The Geo10gica1 Survey ofIsrae1. The aim ofthis study is to deve10p an integrated 

predictive too1 for forecasting desert terrain conditions. To achieve this goa1 we 
estab1ished a GIS-based soi1 database incorporated with remote1y-sensed data, on two 
main arid areas: the Negev desert, in southern Israe1, and the Southwestern deserts of 

. the USA 
The soi1 database consists of two 1inked tab1es - a) the main tab1e, in which each 

1e fie1ds (location, c1imate וf1e, with genera1 soi1 pro וfrecord represents one soi1 pro 
parameters, topography parameters, etc.), and b) the horizons tab1e, in which each 

, record represents one soi1 horizon, with horizon characteristics fie1ds (co10r 
grano10metry, chemistry, etc.). The database inc1udes about 300 soi1 records through 
out the Negev desert and wi11 inc1ude in the near future remote1y-sensed data, such as 

. minera10gy, roughness, and c1ast coverage percentage 
, A test for such incorporation was done at the Yotvata p1aya, southern Negev desert 

Israe1. In this case study few soi1 pits were samp1ed and ana1yzed whi1e the area was 
photographed by various sensors. We were ab1e to re1ate data achieved ftom reflective 
and therma1 sensors to severa1 soi1 properties. These re1ations wi11 he1p in future 

. mode11ing and forecasting of soi1 parameters 
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The Palmahim Disturbance, located offshore central Israel, is one of the major 
bathymetric anomalies along the continental margin; it is assumed to be the result of a 
gravity slide caused by evaporitic flow within the channel that underlain this area. The 
objective of this study was to determine relative and absolute time markers for 
analysis of the onset and evolution of the Palmahim Disturbance based on the 
reconstruction of its geological model. 

The proposed geological model for reconstruction resulted trom reprocessing of the 
1983 Horizon 2D multi-channel seismic lines, which derived high-resolution depth 
sections across the disturbance. Line EM-83-40 was selected for reconstruction as it 
crosses the Palmahim Disturbance along the direction of material transport, thus, it 
can be assumed that all the observed phenomena are perpendicular to the section 
plane and there is no material movement or transport in and out of the section. 

The chosen section was divided into three areas: I.The eastern part, which is 
characterized by complex structures caused by gliding ofthe massive Yafo Formation 
sediments along synthetic and antithetic growth faults. 2. The middle part, 
characterized by undisturbed continuous horizons. 3. The Western part, characterized 
by compressional faults; however, the apparent continuity of the horizons in this part 
allow reliable correlation. 

Geological reconstruction ofthe western part ofline EM-83-40 enabled identifying 
three main tectonic phases: small-scale normal faulting, intense reverse faulting and 
folding, all postdating the "M" reflector, top of the Messinian evaporitic sequence. 
Tying a reflector near the top Pliocene at the Y AM WEST 02 borehole into the 
disturbance enabled to determine an absolute time marker, which indicates, together 
with the present day sea-bottom, that the last phase, the folding, is much younger than 
1.7 ma. The reconstructed section further indicates that the faulting started at an 
earlier stage, and that the folded structures developed on top of the concurrent reverse 
faults. 

22 
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Discrete Fracture Network modeling (DFN) is a simulation approach that has been 
in practice for about 20 years. The basic DFN method addresses rock mechanics 
and hydrogeology by realistically modeling the most significant ftactures, their 
geometries, and their mechanical and hydraulic properties. DFN began as a 
combination of statistical descriptions of ftacture geometry and finite-element flow 
solvers. The techniques ofDFN simulation have advanced through applications in 
radioactive waste research laboratories, such as the Stripa Mine and the Aspo Hard 
Rock Laboratory. Petroleum reservoir applications have also provided a means of 
testing modeling approaches. 

Although ftactures can be described by probability density functions with 
reasonable levels of statistical confidence, natural ftactures are the result of rock 
deformation and chemical processes that may either enhance or heal the 
transmissivities of the ftactures. Among the alternative approaches for generating 
geologically realistic ftactures are (1) ftacture growth based on ftacture mechanics 
principles, (2) palinspastic reconstruction methods ftom structural geology, and (3) 
forward modeling using finite-strain simulation methods. These approaches have 
been incorporated into DFN ftacture generators. The paper will present example 
applications of each of these methods. Future trends in geological generation of 
ftactures willlikely include chemical processes as well. 
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FLINT EXPLOITATION BY THE PREffiSTORIC INHABITANTS OF NAHAL 
ME' AROT CA VES, MOUNT CARMEL, ISRAEL 

Druck D. I , Ilani S.2, Weinstein-Evron M.1 
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Reconstruction of exploitation pattems of flints, technology and typology, provides 
insights into changes and developments in material culture and ways of life during 
prehistory. The long prehistoric sequence of the Nahal Me'arot sites, which extends 
ftom the Lower Paleolithic to the Natufian and even the Neolithic, enables the 
examination ofthe cultures represented in it, while isolating the factor ofsite location 
and distance ftom flint sources. The examined assemblages were derived ftom the 
Acheulian, Acheulo-Yabrudian, Yabrudian, and the Early and Late Mousterian 
cultures (ftom Tabun Cave), and the Aurignacian and Natufian cultures (ftom el-Wad 
Cave and Terrace). 
The research aims at: 
1. Reconstructing pattems of raw material procurement through tracking the potential 
flint sources used by the inhabitants of the Nahal Me'arot sites ftom the Lower 
Paleolithic to the Epi-Paleolithic. 
2. Establishing the connections between these pattems and the ways people exploited 
their environment during these periods. 
3. Evaluating the potential contribution of flint exploitation to the understanding of 
cultural changes throughout this unique prehistoric sequence such as various 
technological inventions (e.g., the use of the Levallois method, flake vs. blade 
industries, microlithic industries; and the transition ftom nomadic hunter-gatherer 
groups to sedentary complex societies). 

A geological survey of the various Mount Carmel geological formations was 
conducted in order to identify possible flint exposures which might have been used as 
sources ofraw material by the inhabitants ofNahal Me'arot in the periods discussed. 
The findings of the survey were marked on a geological map to create a "flint 
library". The various flint types were differentiated on the basis of their color with a 
number of paleontological, morphological and textural criteria. The archeological 
samples were then sorted according to the geological flint types. A geochemical test, 
intended to distinguish between the various types of flints, showed that, while it is 
possible to distinguish between Eocene and Cenomanian flints, further subdivision 
into secondary sub-types is not possible. 

When the various archaeological samples are analyzed against the background of 
the geological "flint library", it becomes clearly apparent that local flint sources were 
available to, and used by, the inhabitants ofTabun and el-Wad Caves throughout the 
prehistoric sequence. Two main local flint sources, ftom the Khureibe and Shamir 
formations, high-quality flints for knapping, were utilized by all cultural groups. 

For a better understanding ofthe modes ofraw material procurement, and in order 
to further characterize certain cultural entities or tool-kits, future research should deal 
separately with specific technological traditions or tool-types. This will help elucidate 
some ofthe observed changes in raw-material procurement models, such as the 
greater emphasis on the use ofthe Shamir Formation flints during the Middle 
Paleolithic and Upper Paleolithic. 
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GROUNDWATER FLOW COMPLEX AT THE KISHON GRABEN 

. Michaeli A 'לBar Joseph J 'לDvory N. Z 

N.R.D. - Natural Resources Development Ltd. 

Y oung sedimentary deposits of Neogene to Quaternary age were accumulated in a 
ow erosional channel over older relief of down faulted blocks in the חadeep and n 

Kishon Graben. This sedimentary sequence is very thick (over I,OOOm) in the coastal 
zone close to the Mediterranean Sea, thins to about 350-400m in the central part ofthe 
graben (Haifa Refineries investigation borehole) and wedges out further to the East at 
the foothills of Tivon syncline. The stratigtaphic section at the graben central area 
could be divided into three major units (ftom bottom): (1) Impermeable Anhydrite 
layer (Mavkiim forrnation). (2) Sandy marl, clay and fine sand. (3) Littoral and 
marine calcareous sandstone, sand (the lower section ofwhich, includes the Kurdani 

.) formation 
Groundwater salinity in the bottom unit is very high and close to seawater. Salinity 

. in the middle section decreases but still high, reaching 8,OOOppm chlorides 
Groundwater in the upper unit is brackish and salinity varies between 600ppm 
chlorides to 3,OOOppm chlorides. This unit is the main and principal aquiferic complex 

. in the graben area, which is divided locally into two or three sub aquifers 
The Kishon graben aquifer is a receptor and collector of underground inflows and 

surface infiltrations into the downfaulted graben valley. Groundwater inflow ftom 
Judea Group aquifers in Mt. Carmel and Naaman uplift enter through the faulted 
graben boundaries in the south and north. Groundwater inflow ftom Mt. Scopus 
aquifer enters ftom the Eastern area of Usha - Kefar Hasidim-Tivon. Groundwater 
overflow enters the graben aquifer ftom the north (Mek horst). Surface infiltrations 

. reach the aquifer along streambeds, irrigated areas and fishponds 
Throughout the past several years, few studies took place, including 3D model 

simulation for the Kurdani aquifer. During model calibration, detailed flow directions 
and chlorides transport were obtained, as well as determination of permeabilities and 

.) transmesivities along the graben northern boundary (Ramat Yohanan fault 
New hydrogeological significant data was obtained as a result of the detailed 

ied out by Haifa refineries and the surrounding industrial plants חainvestigations c 
aimed towards brackish groundwater exploitation and desalination for industrial 
purposes. New observation boreholes and production wells to the upper unit were 
drilled and hydrological monitoring took place in the past three years. The 
accumulated data interpretation discovered different flow orientations and salinity 
resources at different levels of the upper unit. Further and more comprehensive 

. monitoring observations will take place at the next few years 
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DOES MANTLE DIAPIR PRODUCE HEBRON MAGNETIC ANOMAL Y? 
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Hebron magnetic anomaly is the greatest magnetic anomaly located at the Israeli 
tory. Folkman & Bein (1978) and Rybakov et al. (1995) assiociated this anomaly iחte 

with magnetic source at comparatively small depths (5-7 km). Quantitative analysis 
S at a depth of25-26 km. A חindicates that the upper edge ofthe magnetic source oCU 

. ence is estimated at a depth of about 40 km חrough estimation of the lower edge occu 
Calculated magnetization ofthis body is about 3000 mA/m. Maps ofMoho and Curie 

esponding surfaces in the region are located at the חdiscontinuites suggest that the cO 
.) 2002 , depths of 29-30 and 40-40.5 km, respectively (Eppelbaum & Ben-Avraham 

Thus, the upper edge ofthis body is located 4-5 km above the Moho boundary. At the 
same time the depth of the lower edge of this body and the maximum possible depth 

. ence are practically coincided חof magnetic source occu 
In the area of the Hebron magnetic anomaly a few deep (3 5-6 km) boreholes 

(Meged-2, Ramalla-l, David-lA, Helez-Deep, Pleshet, Moza-l, etc.) were drilled. All 
the boreholes contain detailed stratigraphical sequences of the Mezosoic and 

anes of חCenozoic strata. Within this area is located a collision zone between the te 
.» 1990 ( Judea-Samaria and Negev (described by Ben-Avraham and Ginzburg 

ane was subducted under חSequence formation maps show that the Judea-Samaria te 
ane. It is known that collision zones are characterized by geodynamic חthe Negev te 

anean the חcollision zones of the eastern Medite מI. crust-mantle instability 
ence of mantle sequence rocks at earth's surface is explained by uplift of חoccu 

adaile & Lagroix, 2001). Thus, we suggest that the Hebron חmantle diapirs (Bo 
magnetic anomaly is caused by an upper mantle diapir with roots located at a depth at 

. least of 40 km 
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LE ASPECTS OF EARL Y TERTIARY EXTENSION IN THE חBRI 
CANADIAN CORDILLERA 
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We document a change in footwall rheology of a core complex in the Okanagan 
area from ductile to brittle as it was exhumed and progressively incorporated into the 
hanging wall. This record includes, an initial WNW-ESE extension followed by the 
subsequent northeast-southwest compression. Three deformational styles, shallow 
ductile shear, shallow brittle shear, and steep jointing and faulting, were involved 
progressively through time as the structure was exhumed both tectonically and 
erosionall y. 

We measured the attitude of fault planes and their striations and use a combination 
of striae and other displacement indicators such as displaced contacts, and/or 
recrystallization, mainly of calcite, in small pull-aparts to determine the sense of 
movement on faults. The relative timing ofthe shallow brittle deformation resulting in 
shallow dipping fault planes and the steep joints and faults is based on cross-cutting 
relationships. The pattern of the most significant group of faults, in most stations, is 
identical to that of a systematic joint set. The trend of these joint sets is parallel to 
both rnajor extensional faults and early Tertiary dykes of the Okanagan area. This 
indicates that the early Tertiary deformation was dominated by WNW to ESE 
extension resulting in a pervasive and intense fracture set Goints), striking NNE. A 
later NE-SW to N-S compressional deformation resulted in reactivation ofthese joints 
as normal, reverse or strike-slip faults, and in small and major folds. Good exposures 
ofthe major faults planes in the area are rare, and their trace is often inferred from the 
prominent morphology formed by displacement along them. The consistency between 
the small structures and the map-scale structures, mainly faults, suggests a similar 
structural history for both. 
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THE POTENTIOAL OF GEOPHYSICAL METHODS FOR SINKHOLE 
HAZARD ESTIMATION AT THE DEAD SEA SHORE-FIRST STAGE OF 
STUDY 

Ezersky M. 

Geophysical Institute ofIsrael, P.O.Box 182 LOD 71100 

Two geophysical studies were carried out, addressing the sinkhole hazard 
estimation: One ofthem is the official study leaded by the Geological Survey and the 
other one is presented hereby, suggesting some new and different results. The second 
study was performed by scientists ofthe GII as inter-disciplinary studies, including 
the Seismic refi'action, retlection and diffiaction, Ground Penetrating Radar (GPR), 
Continuous Vertical Electric Sounding (CVES), and Microgravity methods (Bruner et 
al., 2003, Ezersky, 2003a,b, Rybakov, 2003). In the present paper we will consider the 
conception of the sinkhole hazard estimate using the combined geophysical 
technology. We will present the results ofpilot study at the Newe Zohar site: compare 
the Microgravity and CVES results performed at the same sinkhole development area, 
and re-estimate the potential of electromagnetic methods. In 2003 we have proposed 
the compressional wave velocity of2900-3000m/s as lower limit for compact salt 
(Iocated under water table) indicator. We proposed the "salt edge dissolution" as the 
mechanism of sinkhole formation at the Ein Gedi area, based on seismic refi'action 
data available. We shown that at the Nahal Hever south area the sinkholes developed 
in some different mechanism, but there is no sufficient seismic refi'action data for 
mechanism specification. In 2004 we have mapped the western edge of the salt at the 
limited area ofNewe Zohar south site, where ground water table is located at 
elevation of -392m because ofthe water pumping into Dead Sea plant pools (whereas 
-415m is the watertable level ofthe Dead Sea). It was obtained that the sinkhole 
groups develop along the compression wave velocity of2900-3000m/s, which is 
accepted as the salt border - i.e. the "salt edge dissolution". There are resistivity 
anomalies of 1000-4000 Ohm-m at the sinkhole development site (whereas 200-900 
Ohm-m are background resistivities). Using GPR method the characteristic anomalies 
shaped like hyperbolas, were obtained at the microgravity anomaly locations. These 
anomalies with high probability are small voids and fi'actures located at the depth of 
4.5-5m and connected with the general decompaction ofthe soil in shallow subsurface 
at the sinkhole development sites. Microgravity map is presently in processing. The 
study at other sites will be continued in fi'amework the NATO Science for Piece 
Program. 
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AND SURF ACE FLOW AS CONSTRAINTS FOR FUTURE MANAGEMENT 
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A study of the Lower Jordan River, between the Sea of Galilee and the Dead Sea, 
reveals that groundwater discharge into the river water is a major process that controls 

, the river water salinity. Integration ofthe geochemical (e.g., Br/CI) and isotopic (d34S 
6Sr) variations enabled us to quantify the groundwater flux in different sections 887ןSr 

ofthe river. We show that the initial base flow ofthe river at Alumot Dam, just south 
ofthe dammed Lake Kinneret (Sea ofGalilee), is a mixture ofsaline springs diverted 
to the river and sewage efl:1uents. In the northem section of the river, sulfate-rich 

. groundwater discharges into the river and modifies the river water composition 
During the winter months, the groundwater contribution can reach up to 80% of the 
total solute budget of the river. In the southem section of the river, we use the high 
salinity, and SOJCI, and Br/CI ratios of the different groundwater bodies as 
fingerprints to identify and quantify the groundwater flow to the river during different 
times of the year. The current relationships between groundwater discharge and 
surface flow are used for the prediction future scenarios. Using water quality data, 
mass-balance calculations and actual flow-rate measurements, we investigate possible 
management scenarios for the Lower Jordan River and their potential effects on its 
salinity. The predicted scenarios reveal that implementation of some elements of the 

. Israel-Jordan peace treaty will have negative impact on Jordan River water salinity 
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High concentrations of chromium in soils and groundwater pose a significant 
environmental problem. Over the Iast 40 years, an industrial plant Iocated above the 

. coastaI plain aquifer of IsraeI has produced Iarge amounts Cr(VI)-rich wastewater 
-High concentrations of chromium, to 700 ppb, have been detected in severaI drinking 

30-50 water wells Iocated around the industrial zone. The vadose zone in the area is 
. m deep and composed of alternating sand, silt, and clay Iayers 

This study focuses on the exploration ofthe fate of chromium and other metaIs in the 
) vadose zone below the potential sources within the industrial plant. Low (0.5 - 5 m 

and high (10 cm) resolution soiI profiles were sampled, tfom the surface down to the 
water table and in the upper two meters of the soiI, respectively. The soil samples 
were extracted and analyzed for concentrations of trace elements. In specific 
Iocations, the concentrations of Cr(VI) were analyzed independently. The 
relationships between metaI concentrations, soiI mineralogical composition, surface 

. area ofthe soil, organic compound content and other parameters were aIso studied 
Despite the historicaI data suggesting that high concentrations of chromium leached 

into the soiI, and the high concentrations of chromium found in the surrounding 
groundwater, preliminary results indicate that surprisingly low concentrations of Cr 
were accumulated along the soiI profile. The significant concentrations of calcite in 
the Ioam, sandy-Ioam and clay Iayers and the consequently high buffer capacity ofthe 
soil suggest that the infiltrating solution should reach pH values greater than 6.5 fast 
regardless of the initial pH of the penetrating efi1uent. Therefore, it is likely that the 
Cr(VI) was mobile along the unsaturated profile. Ifso, most ofthe Cr(VI) has already 
migrated through the unsaturated zone and only a smaII amount is stiII Ieft in the 

-vadose zone. Even in high resolution profiles taken below storage ponds where high 
Cr solutions were stored, relatively low concentrations of Cr(VI) were found in the 
soil profiles. In addition, most of the Cr found in the profile was Cr(III), suggesting 
that the more mobile Cr(VI) has already leached down and probably found its way to 

. the water table 
Several possibilities could explain the Iow concentrations of Cr found in the soiI 

profile, even under potential"hot spots": (1) most ofthe Cr has already been flushed 
out tfom the vadose zone to the groundwater as Cr(VI) and the unsaturated zone 
profile is therefore relatively clean; (2) the low resolution sampling in the deep 

; boreholes "missed" spots ofhigh Cr concentration that stiII exist in the vadose zone 
3) the information provided by the industry about the Iocation ofthe "hot spots" was ( 

les of high concentrations have not yet been וfinaccurate and therefore the verticaI pro 
. located 
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Soil column experiments were conducted to explore the influence of purity degree 
of sandy soil on the transport and fate of fluorescent colloid particles. 

Negatively charged fluorescent microspheres ofthree sizes (0.02,0.1 and 1 micron) 
together with a conservative tracer (LiBr) in artificial rainwater solution were applied 
to the surface ofa vertical column (20.5 cm length and 5.7 cm inner diameter). The 
porous media consisted of natural dune sand and of the same sand, cleaned with nitric 
acid (50%) and sonicated with sodiumdiphosphate decahydrate. During the 
experiments effiuent samples were taken at the column outlet, using a ftaction 
collector. Additionally, the columns were dissected and samples were collected at 
different depths at the end of the experiments. Breakthrough (BT) colloid 
concentration curves and the final spatial distribution of colloids retained by the 
porous media were found to be dependent on the colloid size and to a great extent on 
the purity ofthe porous media. Overall BT of colloids was found to be less in natural 
sand compared to washed sand. Especially the small colloids (0.02 micron) were 
retained almost completely (-97%) in natural sand. BT for the medium colloids (0.2 
micron) was highest (-30% retained), while the largest colloids (1 micron) were 
retained to -60%. Despite the low recovery, breakthrough occurred for the colloids 
and for bromide almost simultaneously at one pore volume (PV). Lithium was 
retarded (BT at 1.5 PV), with a maximum relative concentration ofO.2 and extended 
tailing. 

In washed sand colloid BT was much higher (90, 80, 70% for, 1,0.2, 0.02 micron, 
respectively). The solute tracer had 90 and 1000/0 recovery for lithium and bromide, 
respectively. In an up scaled experiment at saturated conditions and with the same 
natural sand (column length: 250 cm, diameter: 23.7 cm), colloids were retained 
completely, while the solute tracer showed similar behavior to that observed in the 
small column with natural sand. 

The significant differences in BT of colloids and solute tracer between the natural 
and the washed sand can be attributed to the changes in physical and chemical 
properties, as a result of the cleaning procedure and thereby changes in both surface 
properties of the sand grains and the actual pores size and shape. Though being an 
accepted modus operandi in colloidal transport studies, simplification of the system 
often leads to an eventual change of the system to such an extend, that concluding 
ftom one onto the other seems a rather doubtful procedure. Especially when keeping 
in mind that most applications of these studies focus on a practical use in 
contarnination control and prevention. Therefore, more efforts should be made in 
dealing with natural soils in order to approach colloidal transport phenomena of the 
"real" world. 
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The Ce-Tu stratigraphy in the Yirka - Yanuch region ofthe west-central Galilee is 
significantly different tfom other parts ofthe Galilee. The Yanuch Fm, Yirka Fm and 
Kishk Fm were constrained by Freund (1958, 1965) to the elongate, narrow, NE-SW 
trending intrashelf Yirka basin, transecting the western Ga1ilee tfom the subsurface of 
the Haifa bay via Carmel to the Beka'a in Lebanon. According to Freund (1965) the 
Yanuch and Yirka Fms pass laterally into dolomitic lithology ofthe Sakhnin Fm both 
to the SE and NW, representing the shallow-water margins of the intrashelf basin. 
Preliminary results of a new facies study in this region questions the validity of the 
intrashelfbasin concept for this region. 

A reexamination of this succession shows that it is underlain by aggradational 
basina1 deposits of the upper Deir-Hanna Fm. Highly bioturbated, mildly 
progradational rudist thickets and bioclasts characteristic of homoclinal ramp 
conditions occur at the base of both the Sakhnin and Yanuch Fms. Progradation is 
indicated by meter-scale upward-shallowing cycles in the inner ramp position, and by 
the development of rudist thickets further out on the mid-ramp. These mid-ramp 
biostromes ultimately form an arcuate rudist-debris apron of upward-steepening 
clinoforms (up to 25°) composed of calcarenites and calcirudites of -80m thick. Their 
base forms a downlap surface. These clinoforms reflect a transformation of the 
western side ofthe mid-ramp region into a distally-steepened ramp (DSR) which is no 
longer homoclinal. 

Two main features characterize the dista1 settings outside the accurate structure: (1) 
occasional colonization by rudists together with bioturbation of distal, originally 
laminar deposits; (2) mass-transport of proximal bioclastic calcarenites via channels, 
into a deep-water settings. Two episodes of onlap of basinal sediments occurred 
within this DSR phase. These two episodes are expressed in the mid and outer ramp, 
but have not yet been identified in the inner platform. They reflect two incomplete 
drowning episodes in the DSR prior to the Late Cenomanian major drowning phase, 
known to correlate with widespread shut-down of carbonate production in the entire 
Tethyan region. 
The Late Cenomanian drowning episode was followed by deposition of the 

transgressive and early highstand tract of the Yirka Fm. This tract begins with distal 
decimeter-scale marl-limestone cycles with planktic foraminifera, followed by 
hemipelagic wackestones which interfinger with distal calciturbidites. Some of these 
dista1 turbidites near the village ofYanuch went through complete dolomitization and 
mapped as Sakhnin Fm. As such, they were erroneously considered as shallow-water 
facies bordering the Yirka Basin in the North West. 
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Updating of the Israel Building Standard 413, which refer the map of potential 
active faults, necessitated further mapping of such faults utilizing geophysical 
methods. The seismic reflection method enables to identify faults in the near 
subsurface, which may be considered as active faults. 

This activity is complementary to the geological mapping of young faults, and will 
be followed by paleoseismological dating of activity. This procedure will be also 
followed in designing new buildings, inftastructures and sensitive structures. 
Several surveys, which were conducted in various parts ofthe country, revealed some 
suspected active faults which are clearly shown in seismic sections, with no surface 
expression. In the Kiryat Shemona area a young fault, suspected as active was 
identified, running ftom Givat Shehumit southward. In the Zevulun Valley various 
areas were surveyed in order to map such features. In some cases young faults were 
located and in other areas no indication for young activity was found.. A seismic 
survey had been performed in the Arava area as part of the initial feasibility study for 
building an altemative airport for the city of Elat, eliminating suspected active faults. 
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The historical credibility ofBiblical texts is often debated when compared with Iron 
Age archaeological finds. Modem scientific methods may, in principle, be used to 
independently date structures that seem to be mentioned in the biblical text, in order 
to evaluate its historical authenticity. In reality, however, this approach is extremely 
difficult because of poor archaeological preservation, identification uncertainty, 
scarcity of datable materials, and restricted scientific access into well-identified 
worship sites. Due to these problems, no well-identified biblical structure has been 
radiometrically dated prior to the present study. Here we report radiocarbon and U-Th 
dating of the Siloam Tunnel, proving its Iron Age II date; we conclude that the 
biblical text presents an accurate historic record of the Siloam Tunnel construction. 
Being one of the longest ancient water tunnels lacking intermediate shafts, dating the 
Siloam Tunnel is a key in determining where and when this technological 
breakthrough took place. The Siloam Tunnel dating also conflrms the common 
palaeographic dating ofthe Siloam Inscription, and refutes a claim that it belongs to 
the 2nd century BCE. 
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The origin of anorogenic alkaline granites (A-type granites) is a long-standing 
geological problem. In the Arabian-Nubian Shield (ANS) A-type magmatism 
occurred in a post-orogenic setting at the latest Precambrian, postdating the formation 
of a vast calc-alkaline granitic batholith. A-type magmas form only 10% of the 
exposed ANS, but are geographically scattered and well represented in the outcrops in 
south Israel, including both plutonic and volcanic rocks. Previous petrogenetic and 
geochemical studies suggest that A-type rocks of south Israel originated by the 
differentiation of mantle-derived magmas without any notable contribution of crustal 
sources. Radiogenic isotope ratios cannot constrain the involvement of crustal sources 
in magma-generation since the ANS is juvenile and had not developed the indicative 
isotope signature of mature crustal terrains. Notwithstanding, oxygen isotope ratio is a 
sensitive tracer of addition of supra-crustal material to magma, since rocks that have 
dwelled close to the Earth' s surface often have a distinctive signature due to exchange 
of oxygen with the hydrosphere. The ability of Zircon (Zrn) to attain and retain 
magmatic d180 values, avoids the problematic effects ofpost-magmatic alteration and 
re-equilibration, common in slowly cooled plutonic rocks. 

Oxygen isotope ratios of Zircon of Timna alkali granite and Quartz-syenite are 
5.55%0 and 5.82%0, respectively. These values lie within the range of mantle zircon, 
suggesting derivation ofthe felsic alkaline rocks ofTimna uom mafic, mantle-derived 
material. The lack of inherited Zircon is suggested by similarity in isotope ratios of 
different size uactions. 1)180 (Qtz) values of Timna alkali-granite, 8.17 to 8.40%0, are 
also consistent with mantle-derived origin. In contrast to the mantle values of the 
alkaline rocks of Timna, the Zircon separated uom the Timna calc-alkaline porphyry 
granite has slightly higher values of 6.06 to 6.38%0 indicating a small, but significant 
input ofsupra-crustal material to the magma. 1)180 (Qtz) ofTimna porphyry-granite is 
heterogeneous (6.91 to 8.310/00) and lower than the expected equilibrium values with 
Zircon, indicating post-magmatic hydrothermal alteration. This process might be 
related to the intrusion of the later alkaline Timna suite. The oxygen isotope ratios of 
Zircon from the Timna monzodiorite, 5.68 to 5.93 %0, might suggest genetic relations 
with the Timna alkaline suite as argued by previous geochemical and 
geochronological studies. The higher (-1 %0) oxygen isotope ratios of Zircon and 
Quartz of the Yehoshafat granite, 6.52-6.76%0 and 9.13 to 9.270/00, respectively, 
suggest input of either previously altered low-temperature or sedimentary component. 
A possible scenario is assimilation or re-melting and mixing of the adjacent Yotam 
rhyolites (1) 180 (Qtz) = 9.81 to 11.40%0). 
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INFLUENCE OF MANTLE ON THE OIL GAS BEARING OF EARTH CRUST 

Galant Y. 

Independent Researcher 

At present time extracted oil reserves are estimated about 1 * 10 barrel, which 
concentrated in Earth Crust. However, Earth crust occupies only 0.5 % Of mantle 
mass. It is known, that in rift class oil gas bearing basins are concentrated about 80 % 
of oil and gas reserves. These structures by themselves are being channels between 
mantle and Earth Crust. Here arises the question - in which way influences mantle on 
the generation and placing ofhydrocarbons? 

For solution ofthis question: 
1. Had been studied a f1uids ofKura rift basalts ( Alpine geosynclinals system). 
2. Had been summed up a huge geological, geochemical and geophysical data over 

the world. 
1. The range of basalt f1uids classificated as a: 
H20> CO>H2>C02>C04, with content of components accordingly (sum of 
medium/mVgram ofrocks): 22.12; 8.08; 0.62; 0.29; 0.006. 
Revealing of high temperature chrysene, pyrene can show about it depth f1uid f10w 
ffom the top of the mantle. 
2. a) Research of the connection between partial melting degree of mantle and 
duration of rift development revealed the tendency of decreasing of partial melting 
degree of rift while decreasing of rift age. 

b) Research of the connection between partial melting degree of mantle and the 
depth of mantle's roof shows that under giant oil gas bearing basins (South Caspian, 
West Siberia, Pannon etc.) mantle's roofare lying down on the big depths. 

c) Research of the connection between depth of mantle' s roof and degree of rift 
development shows decreasing ofmantle's roofdepth while decreasing ofthe rift age. 
The conclusions: 
1. The influence of partial melting degree on oil gas bearing forming of basins 
defines indirectly on the depth of mantle drainage. 
2. The depth of mantle drainage plays important role in forming of reduction regime 
of fluids. Moreover, these deep fluids are being migrating, and give a certain budget 
into sediments ofEarth Crust. 
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RANSFORM DEBATE - CONTRIBUTION FROM וזTHE DEAD SEA RIFT 
INTERPRETATION OF OLD SEISMIC DATA 

Gardosh M. 1 

The Geophysicallnstitute ofIsrael, P.O.Box 182 P.O.BOX 182 LOD 71100 

The subsurface structure and stratigraphy of the southern Dead Sea basin were 
interpreted and mapped in the ftamework of a recent hydrocarbon exploration 
campaign in the area. The studied data set included sixty seven 2D, multi-channel 
seismic reflection lines acquired between 1975 and 1996, in an area extending ftom 
Ein Gedi in the north to Hazeva in the south; and ftom the international border in the 
east to the western boundary faults in the west. Reprocessing of the old seismic lines 
resulted with improved resolution and continuity of seismic events within the 
sedimentary fill ofthe basin, 

Correlation of the seismic data to wells allowed identifying the three main 
stratigraphic units composing the basin-fill: the Hazeva, Sedom and Amora-Lisan 
sequences. Each of these units is characterized by a unique seismic signature. The 
Hazeva sequence is generally composed of discontinuous, high- and low-amplitude 
reflections associated with sandlshale intercalations. The Sedom sequence is 
characterized by chaotic and reflection-ftee zones associated with salt flow and 
occasionally by continuous reflections that probably reflect a more clastic rich facies. 
The Amora-Lisan sequence is composed of well layered, continuous high- and low­
amplitude reflections associated with fine-grained lacustrine deposits; that are in 
places highly deformed due to underlying salt movement. 

The three units were found to extend throughout the basin ftom the northern Arava 
in the south to the Ein Gedi area in the north. The main depocenter is located between 
the Sedom and Lisan Diapirs where the base of the Hazeva sequence is estimated to 
be found at depth of9 km. Early subsidence in the basin took place on relatively short 
segments of normal to oblique faults oriented in NE-SW and NW -SE directions and 
was later transformed to several dominant marginal faults. 

No indication was found in the study for northward propagation of depocenters with 
time and to the existence of a master strike-slip fault on the southwestern part of the 
Dead Sea basin. These findings indicate to complex relations between lateral and 
vertical motions that are not adequately described by a simple pull-apart model. 
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-THE TECTONIC EVOLUTION OF THE LEVANTINE BASIN: FROM INTRA 
INVERSION AND CONVERGENCE סCONTINENTAL RIFTING T 

Gardosh M., Druckman Y. 

The Geophysical Institute ofIsrael, P.O.Box 182 P.O.BOX 182 LOD 71100 

ed and mapped the main structural elements and וfIn this study we identi 
; stratigraphic units of the Levantine basin in the southeastem Mediterranean sea 

between the area of the Eratosthenes seamount on the northwest and the coast of 
. Israel in the east 

The study is based on interpretation of 4,000 kilometers of2D, multi-channel, deep 
. seismic ret1ection data and 16 boreholes, located onshore and offshore Israel 

Six seismic packages were mapped above the crystalline basement. Their boundaries 
are extensive ret1ectors in the central part of the Levantine basin that are correlated to 
regional unconformities penetrated by wells in the eastem margin. These units are 
interpreted as low-order depositional sequences that accumulated within the basin and 

. on its margin during the Mesozoic and Cenozoic 
Two main styles of deformation are recognized. Normal faults affect the older 

stratigraphic units, forming extensive graben and horst system in the central and 
westem part of the basin. Reverse, thrust faults and folds affect most of the 

. stratigraphic units and are found predominantly in the eastem margin ofthe basin 
Our analysis supply evidence for two major tectonic phases: (a) Large-scale rifting 

and extension in a NW -SE direction between the Eratosthenes Seamount and the 
Levant margin during Anisian to Middle Jurassic, associated with opening of the 
Neotethyan Ocean (b) Inversion of the older extentional structures, thrusting and 
folding in several pulses during Senonian to Late Miocene, associated with closing of 

. the Neotethys 
The seismic data show no evidence for sea-t1oor spreading and emplacement of 

oceanic crust, therefore we assume that the deep-seated extensional structures were 
. formed in an intra-continental rift system at an early magmatic phase 

The elevated and upthrusted fold belt extend along the entire Levant margin, where 
. it forms the offshore continuation of the Syrian Arc fold system exposed onshore 

The westem edge ofthe fold belt, located some 50-70 km west ofthe coastline appear 
to coincide with an area of discontinuity in the crust previously hypothesized by 
other geophysical data. We therefore assume that the distribution of contractional 

. deformation is partly controlled by variation in crustal properties 
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MAPPING AGRICUL TURAL SOIL PARAMETERS USING GEOELECTRIC 
METHOD 

Gatenio B. 1, Makovsky y.1, Ben-Avraham Z.1, Marco S.1 

1. Department ofGeophysics and P1anetary Sciences, Te1-Aviv University, 
P.O.BOX 39040, Ramat Aviv, TEL-A VIV 69978 

-able Frequency Domain Electromagnetic (FDEM) systems provide cost 1וPo 
effective mapping tools for various purposes, e.g. agriculture, soil salinity and 
contamination, shallow geology, shallow water table detection, archaeology and 
more. The measurements are ftequently used to produce a conductivity map on which 
anomalies are outlined to track subsurface feature. Here we demonstrate that tangible 
soil parameters can be extracted ftom the measured conductivity in a combined 
procedure of processing and calibration. We aim to identify the effects of agricultural 
cultivation on the soil characteristics by delineating their signature on the measured 

. conductivity 
Conductivity measurements in the eastem Roman hippodrome of Caesarea, currently 

ray sharp linear parallel anomalies 1וburied beneath a seasonal wheat field, po 
superimposed on broader archaeological and basal anomalies. The linear parallel 
anomalies are spaced by about 3.5 m with amplitudes 2-5% higher than the field's 
background conductivity. Based on their spacing, orientation, and distribution, we 

, suggest that the anomalies in Ceasarea are related to the cultivation of banana trees 
which were removed over 10 years ago ftom the field. Filtering the measured 
conductivity map we isolated the agricultural signature ftom the background 
conductivity. The conductivity anomaly produced by the hippodrome Spina (central 
wall) provides a control on our identification and separation of the agricultural 

. signature 
By Comparing measurements of dry (summer) to wet (winter) soil, we learned about 

the moisture impact on conductivity signature in the area (winter: +50%), and used it 
. for more accurate mapping of the soil features 

ies identify the ions goveming its 1וAnalyses of the soil physical and chemical prope 
electrical conductivity. Our intention is to identify the soil characteristics associated 

. with the agriculturallinear anomalies, and calibrate our conductivity results 
Using the methodology we developed in Ceasarea we managed to image the Middle 
Bronze palace ofTel Kabri, presently buried under avocado plantations by removing 

. high conductivity anomalies (about +250/0) caused by the trees 
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LITHOLOGICAL AND PETROPHYSICAL STUDY OF THE ISRAELI 
AQUIFERS 

Gendler M., Goldberg 1. 

The Geophysica1 Institute ofIsrae1, P.O.Box 182 LOD 71100 

Geophysica1 Institute ofIsrael has at its disposa1 data from a 1arge number of oi1/gas 
and water we11s dri11ed ftom 1954 to 2004. Various companies in Israe1 have recent1y 
expressed interest in geo10gica1 and geophysical information ftom these wells in order 
to define in detai1 the litho10gical composition, capacity-filtration properties and 
formation water salinity of groundwater reservoir. 

Avai1ab1e composite 10gs for oil and water wells constructed on the basis of drilling 
data contain mainly lithological information ftom small cuttings along with resistivity 
curves ftom wire line logs. At the same time, in a significant number of we1ls, there 
are hundreds of meters of sediments not covered by litho10gical description due to no­
return dri11ing (LOC interva1s). Quite common1y these "b1ind" interva1s correspond to 
the aquifers (Judea and Kurnub Gr.). Lack ofreliable geological information in these 
interva1s comp1icates the geological and stratigraphic corre1ations considerab1y. 
Exp10ration of oil we11s in these formations has yielded abundance of we11 10g data, 
which can compensate for missing information and, thus, replenish data to fill in these 
gaps. Moreover, digitized well log data may serve as a source for continuous 
computation (throughout the entire depth interval) of the aquifer's petrophysical 
properties (Iithology, porosity, water salinity). 

We have deve10ped a new "Extended Composite Log" format of digita1 well log, 
which combines petrophysica1 we11 10g information with mud 10gs, stratigraphic and 
litho10gica1 markers. These "Extended Composite Logs" will be used in particular to 
fil1 in 1acking data in the LOC intervals. 

The accurate porosity and 1ithology determination is based on a combination of 
available "porosity" logs. Porosity is calculated taking into account lithologica1 
variations (sandstone, limestone, dolomite, shale). The results of lithology-porosity 
calculations are later used for formation fluid analysis of the aquifer (water salinity), 
construction ofthe lithology display, and for correlation purposes. 
The groundwater sa1inity is usua11y obtained ftom well logs using the Rwa method, 
which is based on resistivity-porosity information. Rwa is the apparent resistivity of 
the groundwater obtained using the Archie equation, which assumes a c1ean water­
bearing formation. The set of statistical relationships between log data and water well 
parameters was established in order to provide quantitative interpretation of aquifers 
ftom wel110gs. 

The proposed petrophysical approach combined with other geological and 
geophysical information can form a quantitative aid to groundwater exp10ration and 
will faci1itate more reliable solution of the following problems: mapping of 
subsurface structures, subdivision of the aquifers into sub-aquifers, mapping aquifers 
and aquicludes and estimating their lateral extent, tracing of lithofacies heterogeneity 
of aquifers, estimation of groundwater salinity, determination ofthe ftesh/saline water 
interface, estimation of ftesh groundwater reserves. 
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GATION IN URBAN AREAS: THE INFLUENCE DUE חSITE EFFECT INVES 
TO THE PROXIMITY OF A STRUCTURE 

,. Giller V., Zaslavsky Y., Kalmanovich M., Gorstein M., Ataev G., Giller D 
. sburg A tזPerelman N., Aksinenko T., Livshits 1., Dan 1., Shva 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

Good sites for settlements and dense urbanization are often not good as to seismic 
response: they are often located along the coast, or within flat sedimentary basins. As 
a consequence, the seismic risk is increasing in urban areas, as repeatedly illustrated 

. in almost all recent destructive earthquakes 
Estimating site effects in urban areas using earthquake data is hampered by the 

high-noise level, especially in regions where the seismic activity is relatively low, as 
in Israel. The results of our investigation show that horizontal-to-vertical spectral ratio 
obtained from microtremors (Nakamura's technique) gives a good estimate of the 
resonance and amplification factor. Microtremor measurements in urban areas may 
be significantly modified by dense urbanization in some specific conditions. The basic 
phenomenon leading to such modifications is a combination of wave radiation from 
building due to soil-structure interaction, and wave trapping due to shallow 

. impedance contrast 
Six buildings of three and four stories in Dimona were temporarily instrumented 

with two horizontal component stations for various periods of time. The fundamental 
frequencies of the translational motions in the NS and EW directions and the 

st torsional mode were determined using ambient excitation. The rוfrequency of f 
vibration tests show that for three-storey-buildings the fundamental translational 

-modal frequencies for either orthogonal axis is 6.5-7.5 Hz while for four-storey 
. buildings the first mode motion is 4.3-5.3 Hz 

We observed that the resonance of the soil is strongly influenced by the proximity 
of structures on distance roughly proportional to their heights. The influence vanishes 

. only at distance greater than twice the high ofthe structure 
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ARIM SEISMIC CALIBRATION EXPERIMENT ץץSA 

. Hofstetter R .וPinsky V .וGitterman Y 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

A series of experimental explosions 0.3, 2 and 32.5 ton were successfully conducted 
recently by the Geophysical Institute ofIsrael (GII) in Sayyarim Valley (MassifEilat 
Nature Reserve), near Eilat, Israel, in boreholes of large diameter (0.6-0.7 m) with 

. depth of 18-21 m 
The largest shot of 32.5 tons designed as a large-scale in-land seismic calibration 

explosion, which aimed at improving regional velocity models for calculating travel 
times ofseismic waves to seismic stations in Jordan and Israel and calibration ofIMS 

, stations. Two smaller explosions 0.3 ton and 2 tons were conducted at the same site 
in single boreholes, thus providing (together with the calibration shot) a source 

. scaling experiment for the yield-dependent analysis of regional waveforms 
A seismic reftaction survey was conducted on the site by the GII before the 
experiment - to estimate thickness of near-surface soft sediments for evaluation 

. drilling feasibility, and estimate a velocity model in the near-source zone 
The 300-kg explosion was fully contained, whereas two larger shots showed rock 
outbursts and energy losses into the atmosphere. The 2-ton explosion created a round 

a number ofdifferent non-symmetrical craters ,13-14-ות symmetrical crater ofradius 
. were created by the large explosion 

-High quality waveform records were obtained for the explosion series in the near 
and numerous portable and ,100-500ות source region by accelerometers at distances 

network seismic SP and BB stations in Israel and Jordan. In the largest shot clear Pn 
and Pg wave groups are observed at remote IMS station AS56 (ASF) at 323 km and 
IMS array AS49 at Mt. Meron at distance -350 km. Using first Pn, Pg arrivals we 
updated an existing velocity model. The new model provided better accuracy and 
reduced the RMS error for observed data. Coda-derived moment-rate spectra 

. technique was applied to BB records for determination of stable regional magnitude 
Significant seismic strength was achieved (ML-2 for 2 ton and ML-3 for 32.5 ton) in 

, spite of accommodation of the explosives in dry alluvium and shallow burial depth 
. commonly considered as low-coupling factors 

This experiment will also contribute to study of explosion source phenomenology in 
specific geological settings and understanding main features of seismic energy 

. generation ftom point-like sources 
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HE ISRAELI BUILDING CODE זION IN זSEISMIC AMPLIFICA 

Gvirtzman Z. 

Geo1ogica1 Survey ofIsrae1, 30 Malkhe Israe1 st., JERUSALEM 95501 

The understanding of ground motion amplification during earthquakes and its 
relations to the subsurface structure has significantly improved in Israel in recent 
years. However, the newly acquired information cannot be implemented in the 
building code that doesn't consider lithological variations deeper than 30 m. This 

as the US and intemational ןןpaper highlights two problems. First, the Israeli as we 
building codes, are based on the concept of upper 30 m and, thus, may not cover the 

oup זGstrong amplification expected when soft sediments overlying the hard Judea 
start to resonate. Second, the Israeli building code is not updated compared to the US 

. and Intemational codes 
In the Israeli code the spectral acceleration (SA) for rock sites is determined by a 

ound Acceleration), whereas in the US code it is זGsingle parameter, PGA (pick 
determined by two values - the accelerations at 0.3 sec and at 1 sec. In the Israeli 
code the maximal soil amplification factor is 2.5, whereas in the US code it may reach 
3.5. In the Israeli code there is no difference between rock and soil sites at periods 

. shorter than 0.35 sec, whereas in the US code they may differ by a factor of2 
The approach that only requires shear wave velocity at the upper 30 m of the ground 

was proven to work quite well in Califomia. Its practical advantage is that it is based 
on a single parameter easily obtained by private initiators. Its weakness is that it 
doesn't treat well situations of resonance. One famous example of severe damage 
caused by resonance is the Mexico City EQ in 1985. In that case, buildings with a 
natural period close to the natural period of a soft mud layer upon which they were 

. build, collapsed 
Such geological conditions are not common in California. Nevertheless, in 

suspicious cases (Site Class F) the US code requires site specific surveys. The 
relevant question for Israel is whether the same approach can be adopted here. On one 

, hand, strong resonance of soft surfaciallayers may be much more common in Israel 
oup and its overlying sediments is זGbecause the impedance ration between the Judea 

much larger than most cases in California (5-10). On the other hand, the non linear 
characteristics of soils that reduce ground vibrations at high levels of acceleration still 
haven't been fully considered. This is, therefore, the focus offuture research that will 

simply adopt the US code or ןןdetermine whether the Israeli building code wi 
. implement significant changes suitable to Israel's geological structure 

43 



MAPPING SEAWATER INTRUSION INTO THE COASTAL AQUIFER USING 
CVES MEASUREMENTS ןTDEM ץSUPPLEMENTAR 

Goldman M. 1, Toledano Avivi O. 2, Friedman V. 3 

1. The Geophysical Institute ofIsrael, P.O.Box 182 LOD 71100 
2. Departrnent ofGeophysics and Planetary Sciences, Tel Aviv University, P.O.Box 39040 

Ramat Aviv, TEL-A VIV 69978 
3. Hydrological Service ofIsrael, JERUSALEM 36118 

During the last two decades, the time domain electromagnetic (TDEM) method 
became the leading geophysical technique for detecting and monitoring seawater 
intrusion into coastal aquifers all around the world. The method has replaced 
traditional resistivity soundings (VES) due to its superior accuracy and reliability of 
the interpretation. However, the successful application of TDEM is very limited in 
urban areas due to its high sensitivity to ambient EM noise and due to the necessity of 
using relatively large infrastructures tfee areas to lay down the transmitting antenna. 
Contrary to TDEM, resistivity soundings are carried out along straight lines (e.g. 
streets or roads) and are practically insensitive to most kinds ofEM noise. Moreover, 
during the last decade, a new sophisticated multi-dimensional modification of 
traditional resistivity soundings, named continuous vertical electrical soundings 
(CVES) has been developed and gained increasing popularity in solving various 
geoexploration problems. 
In order to overcome the above mentioned limitations of TDEM, an attempt has been 

made to supplement TDEM measurements by CVES in those areas, where the 
application ofTDEM alone is impossible. 
To calibrate CVES measurements, several lines have been run first near existing 

observation wells. A11 calibration measurements detected the very low resistivity layer 
in the bottom of the interpreted resistivity cross-section, which was identified with 
seawater intrusion. However, in most cases the intrusion was located significantly 
deeper than that detected in the well and by TDEM. Analysis shows that this problem 
was caused by a non-uniqueness of the inversion known in traditional resistivity 
soundings as the equivalence problem. The specific smoothness constraint algorithm 
used in the inversion possibly further complicated the problem. 

Another severe problem encountered during the CVES measurements was instability 
of the measurements in dry sand dunes. The instability remained even after significant 
amount of saline water or blue vitriol has been added to each electrode thus reducing 
the contact resistance below the allowed threshold value of 20 Kohm. 

The only promising CVES results were obtained not far tfom the seashore, where the 
depth to tfesh-seawater interface did not exceed some 25-30 meters. As far as 
significantly deeper interface is concerned, it is not obvious that CVES should replace 
even traditional VES due to the lack of the appropriate inversion software, which is 
based on a sharp boundary constraint algorithm, and, in addition, can detect and 
analyze the equivalence problem. 
At alllocations, where TDEM can be deployed and can provide a reasonable signal­

to-noise ratio, the use of neither traditional VES nor CVES is recommended. 
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SITE EFFECT MEASUREMENTS ALONGE THREE PROFILES LOCATED 
IN HAIFA BAY AREA: PRELIMINARY RESUL TS 

Gorstein M., Zaslavsky Y., Aksinenko T., Mikenberg M., Ataev G., almanovich 
M., Perelman N., Livshits 1., Giller V., Giller D., Dan 1., Shvartsburg A. 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

In order to estimate site response, ambient vibration measurements were carried out 
along three lines. Two profiles crossed Qrayot-Haifa bay area uom northwest to 
southeast and additional uom southwest to northeast close to coastline. The 
horizontal-to-vertical spectral method was applied to approximate the fundamental 
resonance uequencies ofthe subsurface and their associated amplitudes. 

It was established that the soil sites exhibit H/V peak amplitudes ranging uom 3 to 7 
in the uequency range 0.4 to 7.0 Hz. In particular, we found that along the profile 
which passes through the Qishon graben uom the southeast to the coast line, reflector 
changes uom limestones ofthe Top Judea Group to chalk ofEocene age, to limestone 
ofMiocene age and finally to calcareous sandstone ofthe Kurkar Group. Influence of 
two reflectors simultaneously is revealed by presence of two peaks on the spectral 
ratio curves. We also concluded that shear-wave velocity of the Kurkar Group 
increases significantly toward the coastline. 

Site response functions along the second profile located within the Mek horst reveal 
two reflectors. The shallow reflector which is associated with high-uequency 
response is limestone and sandstone of the Kurdane Fm. The deeper reflector which 
correlates with lower uequency peak is limestone ofthe Top Judea Group. However, 
in the west part of this profile we observe divergence between depth of reflector 
estimated by measurements and depth ofthe Top Judea Group. 

Two important points must be emphasized: 
1. Available borehole information and seismic surveys data do not allow 
establishing exact verification ofthe experimental response function by l-D model. 
2. Thickness of sediments above reflector, the presence of different reflectors and 
local changes of shear wave velocities of soil and underlying reflector, could be 
evaluated by dense grid measurement of ambient vibration. This is the only way for 
establishing the correct l-D model ofsite effect for different points. 

45 



THE FINE GRAIN DETRITAL SEDIMENTS OF THE DEAD SEA GROUP. 

Haliva - Cohen A. 1 ,2, Stein M. 2, Starinsky A. 1. 

1. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 
2. Geological Survey ofIsrael, 30 Malkhe Israel St." JERUSALEM 95501 

The Petrography, Grain size, Mineralogy, Chemical and Isotopic composition of 
fine - grain detrital sediments that were deposited in the lacustrine environment ofthe 
Dead Sea basin during the late Pleistocene and the Holocene period, are used to 
reconstruct the sources, means of transportation and deposition of the detrital 
sediments and to combine these data with the information on the climatic conditions 
in the region. 

Samples were collected in several exposures of the late Pleistocene Samra, Lisan 
and the Holocene Ze'elim Formation and from some possible -sediments suppliers 
flood from the western side of the Dead sea, aeolian loess deposits from Netivot 
osa SoilR arreT dna puorg aeduJ morf kcor etanobrac ,(northern Negev)section 
.(common in the drainage basin) 

Petrographic examination of the detrital sediments, reveals microstructure of graded 
bedding and well-sorted, silt size bedded sediment. These microstructures indicate 
two settling mechanisms ofthe fine sediments, by flood and by dust-fall. 
The mineral assemblage, as defined by XRD, chemical and electron microprobe 
analysis, is dominated by calcite + dolomite and quartz, and minor feldspar, clay, 
soluble salt, and iron minerals. The Dead Sea group sediments share similar 
composition with the flood load (calcite+dolomite>quartz) and differ from the loess 
deposit and Terra Rosa soils (calcite+dolomite<quartz). 

The detrital sediment consist mostly of silt size with some clay and a few sand 
grains. The size distribution (determine by Mastersizer), for all samples, shows that 
the mode size ofthe Lisan samples is close to the loess deposits (7-10m) and bigger 
than in Ze'elim Samples and the flood load (- 4m). 

87Sr/86Sr lsotopic composition was measured in acetic acid soluble fraction 
(carbonate) and in the residual fraction (silicate) ofthe sediment. The soluble fraction 
is dominated by the presence of autigenic minerals (soluble salts or calcite). The 
insoluble fraction, on the other hand, shows similarity between the Lisan and Samra 
87Sr/86Sr ratio and these ofloess deposits, while the flood load and Ze'elim formation 
has higher 87Sr/86Sr ratios. 

The results ofthis study indicate that there is a strong connection between 
Quaternary climatic changes and the characteristic of the fine detrital sediments in the 
Dead Sea group. During wet climatic condition, when lake levels are high, the fine 
detrital sediment is mainly dominated by aeolian sediment transported to the basin 
from a long distance and settled both over the drainage basin and over the lake, while 
during dry periods the fine sediments is dominated by the localland cover. This 
scenario is consisted with data of present airborne and settling dust. 

46 



NEW ISOTOPIC EVIDENCES FOR THE ORIGIN GROUNDWATER FROM 
THE NUBIAN SANDSTONE AQUIFER (KURNUB GROUP) IN THE NEGEV 
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, A multiple isotopic (oxygen, hydrogen, sulfur and oxygen in sulfate, strontium 
om the Nubian sandstone aquifer חboron, carbon) investigation of groundwater 

Kurnob Group) in the Negev and Arava Valley challenges previous models for the ( 
origin and flow paths of groundwater in this aquifer. We found that groundwater in 
the confined area of the aquifer in northeastern Negev has high deuterium excess 

om Sinai Peninsula (-100/00), thus indicating local 160/00-ח) relative to groundwater ( 
recharge sources in the Negev but not lateral flow originating in the Sinai Peninsula as 
previously suggested. We found that modern recharge (14C=67 pmc) is associated 
with oxidation of pyrite and carbonate dissolution, resulting in depleted sulfur 
isotopes (-130/00) and relatively high 87Sr/86Sr ratios. As groundwater flows into the 
confined parts of the aquifer, sulfate is reduced and hydrogen sulfide is generated as 
detected by the enrichment of sulfur and oxygen isotopes in sulfate coupled with 
significant reduction of sulfate content. The generation of dissolved bicarbonate by 

. e calculation ~ sulfate reduction process affects also the 14C budget and thus a 
Consequently, the traditional link between deuterium excess and I C proxies for 
groundwater-age determination in the aquifer is not sufficient given the possible 
effect of sulfate reduction process. We show that the solute composition of 
groundwater in the aquifer is controlled also by mixing with sulfate-rich underlying 

action of the חgroundwater. In the northeastern Negev we suggest that a large 
om the underlying Jurassic aquifer that was חgroundwater is mixed with groundwater 

interacted with Triassic marine anhydrite, characterized by high 834S (+15%0) and low 
87Sr/86Sr (0.70764) values. In the central and southern Arava Valley we suggest that 

om the underlying Paleozoic aquifers having חthe groundwater is mixed with brines 
low 87Sr/86Sr (0.7073), high Br/Cl (3xl0-3), and high 834S (110/00) values. In both 
areas, the idea of contribution of a large volume of underlying groundwater is new 
and require a major changes in the hydrological concepts that consider only lateral 

om presumably recharge in outcrops in southern Sinai חflow within the aquifer 
. Peninsula 
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The towns ofDimona and Arad are located in earthquake prone area, in the vicinity 
to the Dead Sea Transform, where several destructive earthquakes have been occurred 
in the past. They are recently developed towns and might be the place for future, 
heavily damaging events, due to the combination of site effects and urban 
development. 

In order to estimate site response functions empirically 275 and 110 sites were 
instrumented in the towns of Dimona and Arad respectively. We used the H/V 
spectral ratio uom ambient vibration technique to estimate site response. 
Additionally, weak ground motion amplifications were determined using H/V spectral 
ratio for S-waves generated by explosions at three sites. Similar response functions 
obtained uom two source facilitated extrapolation of ambient vibration measurements 
for site response estimation. Distributions of the resonance fTequency and 
corresponding maximum amplification factor are depicted in the maps. 

The site response investigation in Dimona revealed fundamental ftequencies in the 
range of 1.0-9.0 Hz associated with amplification factors of2.0-7.0. The asymmetrical 
shape of syncline is distinctly visible in the contours map of resonant uequency. The 
belt of lower (1.0-2.0 Hz) fundamental uequency values directed northwest-southeast 
may be interpreted as a channel of erosion of paleorelief as confirmed by geological 
information. The significant variations in the amplification level could be related with 
the variation of the impedance between the bedrock 

In Arad, the distribution of the resonance ftequency and maximum amplification 
exhibits amplification factor of 2.0-4.0 over the ftequency range 2.0-7.0 Hz. The 
higher fundamenta1 ftequencies occur in the westem part ofthe study area. The lower 
resonance ftequencies are attained in the southem part of Arad. The amplification 
factor 2.0-3.0 we observed at majority of sites. Only in the eastem part of the area are 
distinguished a few spots with amplification factor up to 3.5. 
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It is commonly thought that different types of landslides merely reflect different 
mechanical characteristics of slopes (i.e. rockslide and slumps develop in layered 
sequences of solid rock and in earth-like geological material, respectively). We 
present experimental evidence for a new and unexpected control on types of 
landslides: Using a vibrating 28 cubic cm box filled with wet (1 %wt) sand, we 
observe that different types of slides form on a single slope subjected to different 
acceleration directions. Initial slope angle was about 50°, vibrating ftequency 10Hz 
and individual test duration lasted a few minutes. Three different accelerations 
directions were tested: vertical, slope perpendicular, and normal horizontal 
accelerations. Acceleration magnitudes ranged ftom 0.1 to 1.2g. Slope-performances 
were continuously recorded using a 30 ftames/second digital camera. 

We observed that vertical vibrations larger than 1.0g, induced mainly a few cm wide 
block-slides and toppling ftom a step like scarp that migrated up the slope. Block 
sliding rate was approximately one every few seconds. Lower accelerations or lower 
initial slope angles yielded only surface grain flow. Horizontal shaking yielded 
different behavior: Above a threshold acceleration (0.6g and 0.8g for shaking parallel 
and normal to slope dip direction, respectively), surface flow occurred initially. It was 
followed by a box-wide slump, which first remained coherent and then progressively 
disintegrated. Lower accelerations or initial slope angle yield only surface grain flow. 
These results point to a previously unknown control on style of slope failure: the 
acceleration direction and amplitude. We speculate that different vibrations activate 
failure on weak planes with different orientations, followed by gravity induced down­
hill displacement. Finally, the upper surface areas of tens of block-slides induced in 
the above described vertical vibration tests were analyzed. The blocks cumulative area 
distribution shows power law relation with slope of about 1. We hypothesize that the 
power ofthe ftequency-magnitude relations in landslide populations is determined by 
material heterogeneity such as pre-sliding cracks. 
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Landslides are rapid down-slope movement of rocks and earth often triggered by 
moderate to strong earthquakes. Landslides in populated regions may cause extensive 
life and property losses. Identifying areas susceptible to landslides promotes proper 
urban planning and engineering design that lead to hazard reduction and increased 
safety for life and property. Here we present a preliminary evaluation of earthquake­
induced landslide (EILS) hazard in the region of Haifa city and northem Mt. Carmel 
(based on the Haifa 1:50,000 map-quadrangle). 

We applied a G.I.S based EILS hazard analysis using, a digital terrain model, a 
geological map and a structural map of top Judea Group (25m2 grid cell). We first 
calculated the topographical and structural dip and dip direction (aspect) and 
converted the geological map to a lithology-based geotechnical map. The high 
strength dolomite and limestone formations were designated "geotechnical unit f' 
(GT-I), while GT-II to GT-IV comprise formations with decreasing rock strength. We 
then used these data to construct a map showing the most likely failure style 
(landslide type) of each slope in the studied area. Slopes susceptible to rock-falls are 
found where the topographic dip exceeds 40°. Where the topographic dip is smaller 
than 5° we found lateral spreads or no-failure to be most likely (for GT-m,IV and 
GT-I,II respectively). For a topographic dip of 5°-40°, where the exposed rocks are 
weak (GT-m,IV) slumps are most likely, and where the exposed rocks are strong 
(GT-I,II) the area is susceptible to rockslides, iftwo kinematic conditions are met: (1) 
the structural aspect is within 45° to the topographic aspect and (2) the apparent 
structural dip in the direction of the topographic aspect is smaller than the topographic 
dip. If one of these conditions fails the area is not assigned a likely failure style. 

We then assigned mechanical properties to each geotechnical unit and calculated the 
critical acceleration for slopes where slumps and lateral spreads are the likely failure 
styles, and for slopes where the failure style was not determined. Critical acceleration 
for rockslides and rockfalls was calculated using the mechanical properties of clay­
filled bedding planes. Low critical acceleration (relatively high EILS hazard) was 
found in the north and northeastem tronts ofMt. Carmel and in the gorges descending 
towards the Mediterranean and the Zewlun valley. 

Finally, we used the Newmark analysis to calculate scenario maps depicting slope 
performances for some theoretical earthquakes (i.e. M=6.5 on Carmel-Tirtza fault 
system and 7.5 in the Dead Sea rift). 
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CLASSIFICATION OF KURKAR UNITS FOR ENGINEERING PURPOSES, 
THE "RED LINE" PROJECT, MASS TRANSIT SYSTEM FOR TEL-AVIV 
METROPOLITAN 
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The lecture presents a classification method for Kurkar layers for engineering 
purposes. The need of a classification method was arising during the geotechnical 
investigation ofthe underground section ofthe "Red Line", the first line ofTel-Aviv 
metropolitan mass transit system. 
The totallength of the line is 18 km and it is extended ftom Petah Tikva through 

Zabotinsky rd, Menahem Begin rd, Manshia, Jerusalem bl. To Bat-Yam. The 
underground section extends ftom Geha junction to Manshia. The line crosses the 
Kurkar ridges which are extended parallel to the line ofthe cost. 

As can be seen in exposures the Kurkar is a very non-homogeneous media, with a 
varying structure: hard cemented layers, with thickness ofO.5 to 5 cm, with layers of 
sand in between. Fingers of cemented sand, cross-bedded layers. Massive and hard 
rock. Etc. the quality of Kurkar samples, which can be obtained with regular core 
drilling is very poor. Triple core barrel was used to improve the sampling, with minor 
success. 
A classification method of the Kurkar layers were proposed, in which the Kurkar is 

classified to 4 groups: Kl, K2, K3 and K4, mainly due to the content ofthe cemented 
layers. A trial was made to correlate the Kurkar group to the carbonate content. Box 
"Un-disturbed" samples were obtained for shear strength tests. 
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Since the 1960's, there has been a decrease in the Dead Sea level. In recent years this 
decrease has reached a rate of one meter per year. The recession of the Dead Sea is 
much more rapid than natural processes and it affects the groundwater system in the 
Dead Sea area. Previous studies show a hydraulic connection between the Dead Sea 
and the groundwater system dynamics. Geophysical studies also show evidence of an 
interface between salt water and ftesh water in the Dead Sea area. The present study 
aims to determine the rate of hydrological processes in this extremely dynamic 
system. For that purpose, the interface between the salt and ftesh water and 
groundwater level are monitored at boreholes in the alluvial fan ofNahal Arugot. In 
the last two years, a significant groundwater level drop has been observed at the 
boreholes near the Dead Sea coast, following the Dead Sea level drop. Groundwater 
level drop has also been observed at boreholes around 700 meters away ftom the 
coast. Beside changes in water levels, an interface movement has been observed at the 
boreholes near the coast, whereby the location of the interface has been decreased in 
about 0.3 m following the Dead Sea level drop in the past two years. This change in 
the location of the interface, in an area that was covered by the Dead Sea until 
recently, indicates a very fast rate of flushing of the original brine. On the contrary, 
the interface at the boreholes far ftom the coast doesn't show the same trends of 
movement. 
Preliminary simulations were run with the SUTRA model (a finite element model for 

saturated-unsaturated density-driven flow) in order to evaluate hydrological 
parameters of the aquifer in the Nahal Arugot area, by comparing the results to field 
data. Preliminary results show good correlation between measurements in the 
boreholes and the results ofthe numerical model. 
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Multi-borehole pumping and tracer tests on the 10- to 100-m scale were conducted 
in the ftactured-chalk-aquitard site in the Ramat Hovav area. Prior to these tests, 
extensive ftacture surveys in outcrops and cores, as well as slug tests in packed-off 
intervals, were carried out at this site. These investigations were intended to form the 
foundation for DFN models, designed to simulate the multi-borehole tests. Stochastic 
DFN modeling tumed out to be inadequate for modeling flow and transport on the 
multi-borehole scale because of (1) unclear hydrological meaning of the ftacture­
length distribution revealed ftom ftacture surveys, (2) computational-capacity 
problems which led to a connectivity problem (although the connectivity problem 
may have existed without the computational problem), and (3) inefficient model 
calibration of the inter-borehole response through adjustment of the ftactures' 
transmissivity probability density function (PDF). Instead, two equivalent 
deterministic DFN models representing two conceptual models ofthe dominant water 
conduits at the site were used. The first was the vertical-ftactures (VF) model, 
consisting of only vertical ftactures. The second, based on a channel-network 
conceptualization obtained by a macroscopic interpretation of the multi-borehole 
tests, was the ftactures' intersections (INT) model, consisting of vertical and 
horizontal ftactures with enhanced transmissivity at their intersections. Both models 
were calibrated against the multi-borehole response of one pumping test and validated 
against three other independent pumping tests. The average accuracies of all transient 
drawdown predictions of the VF and INT models were 65% and 66%, respectively. 
Considering the similar drawdown predictions and times needed for calibration, the 
VF model exhibited higher drawdown-prediction efficiency. Particle-tracking 
simulations of two tracers injected at different boreholes were run through the 
aforementioned models, and simulation results were compared with the tracer-test 
experimental BTCs. The strong influence of the tracer-dilution rate at the injection 
boreholes was handled by (1) predicting the tracer concentrations at the injection 
boreholes with the flow model, and (2) calculating the BTCs in the pumping borehole 
by superposing sequential pulse injections with decreasing concentrations. The INT 
model better captured the fast first arrival, peak recovery time and long tail than the 
VF modeL demonstrating the improvement in transport prediction gained by the more 
complex conceptualization. Based on our experience with these ftacture surveys, 
hydraulic testing and modeling campaigns, we conclude that efficient DFN modeling 
of multi-borehole tests should be aimed at constructing equivalent deterministic DFN 
models prior to stochastic modeling. 
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While the influence of oceanic tides on groundwater levels in coastal aquifers has 
long been recognized, little is known of the effect of tidal fluctuations on the location 
of the saltwater-freshwater interface. In this work we present field exploration of the 
influence of tides on saline-fresh water interface as seen in the coastal aquifer of 
Israel. Using a set of electrical conductivity sensors we document the fluctuations of 
the freshwater-saltwater interface on the short termltidal period time scale and the 
longer-term time scale of several weeks. We find that the freshwater-saltwater 
interface fluctuates with tidal periodicity as well as responding to longer-term effects 
(weeks, rainy period). Subsequently, the location ofthe freshwater-saltwater interface 
varies depending on the time of day and part of the moon cycle in which it was 
measured. It is assumed that parts of these fluctuations in the location of the interface 
are artificial due to the effect of the borehole in which the measurements are done. 
An artificial effect means that the fluctuations in the aquifer itself are much smaller 
than those observed in the borehole. Nevertheless, this effect should be recognized 
because the monitoring of saltwater intrusion by the hydrological service is done by 
EC measurements in similar boreholes to those of the present research. It is, 
important, therefore that such monitoring will take into account the actual time of day 
due to the tidal effect. 
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om the main חThe Akhziv (northem Israel) sedimentary system is different 
, sedimentary regime of the Israeli Mediterranean offshore. Along the Israeli coast 

siliciclastics decrease and carbonate content increases to the north, but north ofHaifa 
. there is a sharp fall-off ofremaining siliciclastics and carbonate becomes dominant 

We report here on an initial study of sedimentological and faunal elements of the 
carbonate system of the Akhziv submarine reservation, part of a research project on 
the comparison between the recent carbonate platform off Akhziv and the late 
Pleistocene carbonate ramp found in boreholes off Ashqelon. The profile presented 

om three parallel scuba diving sampling חom data gathered חhere was constructed 
om 30 meters ח, transects near the small islands of Tekhelet, Shahaf and Nahli'eli 

water depth to the shoreline. Distribution of components is categorized by statistical 
om thin חanalysis of foraminiferal assemblages and sedimentary components 

. sections. Carbonate content and granulometry were also assessed 
) 1 ( ; From the preliminary results, 5 facies zones were distinguished along this profile 

An 0-5 m depth nearshore environment consisting of calcareous medium sand-size 
agments; (2) A 5-12 m depth sheltered zone between the shore line חeroded skeletal 

, and the Kurkar ridge, containing of coarse carbonate sand and spherical rhodoliths 
; which become larger and more tabular toward the deeper parts of the sheltered area 

3) The small islands, between 0-5 meter depth, which separate the sheltered zone ( 
om the open sea. They consist of a Kurkar base covered by a thick carbonate crusts ח

of encrusting red algae, with "cup ridge" shaped frameworks with prominent margins 
, of vermetid gastropods forming at sea level; (4) A steep seaward slope to -30 m 

covered by algal crusts and patches of articulated red algae, and carbonate sand 
accumulations in sheltered crevices and holes. (5) The zone below 30 meter depth, 
sloping gently seaward, covered by loose silty-sandy sediments without carbonate 

) encrustations or articulated algal growth. Large living Conus sp. (gastropods 
. occupies this zone 

These carbonate sediments fall into the category ofthe "Foramol" facies dominated 
by molluscs, bryozoans, benthic foraminifera, and coralline algae. The foramol facies 
characterizes oligotrophic, temperate-climate marine environments in the westem 

. Mediterranean but has rarely been reported in the southeast Mediterranean 
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The Dead Sea is a hypersaline terminallake experiencing water level drop of -1 m1yr 
over the last decades. The existing estimations of water balance are widely variable, 
reflecting the unknown subsurface water inflows and rate of evaporation. To solve 
these we use energy and mass balance considerations. The heat of evaporation is 
calculated using the Bowen' s approach. The calculated evaporation, along with 
measured hydrographical quantities, provides constraints on the subsurface inflows 
during the holomictic years (1996-2001). The calculations indicate that salt 
accumulates at the Sea floor at a rate of 0.1 m1yr. The average total annual inflows 
and evaporation rate do not exceed 325 MCM/yr and 1.21 m1yr, respectively. The 
subsurface inflows, deduced ftom the minimum estimate of surface inflows is less 
than 60 MCM/yr. Higher subsurface inflows require increased evaporation rate 
leading to cooling of the Dead Sea, which contradicts the hydrographic 
measurements. 
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) Volatile organic compounds such as Trichloroethene (TCE), Tetrachloroethene (PCE 
Dichlorethene (DCE) and Dichloroethane (DCA) have been in use for the past 7 decades, for 
exarnple as solvents in the metal industry. Due to improper disposal techniques and lack of 
environmental regu1ations, these compounds are present1y a major cause of contamination of 

. the unsaturated and saturated zones in industrial sites 
We report on high concentrations and temporal and spatia1 changes in VOCs be10w the 

water tab1e region and in the unsaturated zone of the Magen area, a former metallurgic 
industrial complex in Nahalat Yitzhak, Tel Aviv. The study was conducted using a passive 

" 4 multi layer sampler (MLS) that was periodically deployed, during one year, into 
monitoring wel1s. The MLS is essentially a chain of isolated, cylindrical stain1ess steel 
dialysis cel1s (150 ml) filled with distil1ed water and c10sed with membranes at both ends. The 
sampling principle is based on passive equilibration ofthe unsaturated zone gas phase and the 
saturated zone liquid phase with water in the cells. The minirnal distance between two 

. consecutive cells is 0.12 meters 
In the saturated zone, till a depth of 4 meters below the water tab1e, VOC concentrations 

were as high as 68,000 mg TCEIL - water; 1,180 mg PCEIL-water; 1,290 mg cis-l,2- DCEI 
L-water and 145 mg 1,I-DCAIL-water. In the unsaturated zone, 18 meters from land surface 

-till the water table, VOC concentrations as high as 27,000 mg TCEIL-air; 840 mg PCEI L 
air; 285 mg cis-l,2-DCElL-air and 50 mg 1,I-DCN L-air were detected. In this zone, al1 
VOC concentrations in the gas phase increased with depth. For TCE, the maximum absolute 
vertical gradient was 37 mg/L-air cm'! and the calculated upward TCE flux was 10Oxl06 mg 
Im2 yr'!. Temporal variability in the concentration of VOCs was detected between profiles of 
the same well, both in the unsaturated and saturated zones. For exarnple, during a sampling 

elevation of -0.1 m Gust be10w the מaperiod of 4.5 months, the concentration of TCE at 
water tab1e) decreased from 50,298 mgIL-water to 47,320 mgIL-water and then increased to 
54,3000 mg/L-water. Spatia1 variabi1ity was also observed between profi1es obtained 

6 , simu1taneous1y in two adjacent we11s, 29 meters apart. For exarnp1e, in the saturated zone 
. cm be10w the water tab1e, the difference in the concentration ofTCE was 23,900 mgIL-water 

The saturated/unsaturated interface region exhibited variab1e equi1ibrium conditions in the 
concentration of VOCs. Whi1e in some profiles, VOC fluxes evolved from the saturated into 
the unsaturated zone, in others the saturated zone was contaminated by VOC influx from the 

. unsaturated zone 
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The establishment ofthe late Pleistocene and Holocene limnological history ofLake 
Kinneret requires the achievement of high-resolution and precise chronological 
framework. We report on the progress in testing the potential use of Melanopsis shells 

. MS) as limnological choronometer using U-Th and radiocarbon dating methods =( 
We collected live MS representing various environments: Lake Kinneret, Nahal 

; Kibutzim and Jordan River (of the types: Costata Jordanica; Castata Costata 
238U] activity and 14C content of 23/רנ [ Buccinoidea, respectively), and analyzed the 

. the relevant waters as well as other geochemical water tracers such as 87 Sr/86Sr ratios 
We found a good agreement between the current water radiocarbon and the living 

shells and concluded that the aragonitic MS derives most of the radiocarbon from its 
contemporaneous water. Thus, defining the reservoir age for each water type (e.g. in 

) Lake Kinneret - 800 years; Nahal Kibbuzim - 7000 years; Jordan River -2500 years 
provides age correction for fossil specimen from the same environments. Then, we 
analyzed fossil MS from various sites in the northern Jordan Valley and Lake 
Kinneret, where the calendar chronology was available or determined from 
contemporaneous organic matter. These include: historical sections in Beteiha valley 
dated by organic radiocarbon to 680 - 1045 yr); the Galei Kinneret archeological site ( 

. 749 AD) and the Ohalo-ll archeological site dated to 23 ka cal BP -( 
A series of U-Th measurements were performed on live and fossil MS. Al§es were 

obtained by single sample 238U -230Th calculation as well as by 230Th/232Th_ 23 U/232Th 
regression (the "isochron method", which eliminates detritus U-Th addition to the 
authigenic aragonite). The calculated U-Th ages of the Beteiha and Galie Kinneret 
MS show good agreement with the true (calendar) ages and organic 14C ages. We 

. continue to evaluate whether this correlation can be extended for older samples (e.g 
.) the late Pleistocene Sheik Hossein and Hamadia sections 
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A deep TDEM (Time Domain Electro-Magnetic) survey was carried out at the 
Judean Desert to delineate the geometry of the interface between ftesh, brackish and 
saline groundwater bodies up to the depth of approximately 1.5 km. The survey was 
conducted at 20 locations on the desert plateau, between Nebi Musa in the north and 
Nahal Hever in the south. At this area, ftesh groundwater flows ftom the 
replenishment area at the eastem slopes of the Judea Mountains toward the Feshha, 
Kaneh, Samar and Ein-Gedi springs, whose total mean annual discharge is estimated 
to be 85 million m3/y. At deeper aquifers, saline groundwater is found, which is 
mixed at specific locations with the shallow ftesh groundwater; thus the salinity of 
some ofthese springs varies ftom ftesh to saline. 

Results of all TDEM soundings show that a low resistivity layer of 5-15 ohm-m 
exists below a relatively higher resistivity layer of 50-500 ohm-m. The low resistivity 
layer is found at a depth range between 500 and 1000 m below land surface. 
Comparison of these geoelectric results with stratigrafic data testifies to the existence 
of an interface most likely separating ftesh and brackish groundwaters within the 
above mentioned depth range. Theoretical estimations using Archie's law as well as 
comparison of TDEM resistivities with groundwater salinities measured in oil and 
deep water wells in the southem Judea desert and central Israel verify this hypothesis. 
The expected resistivity ofthe Dead-Sea brine is about 1 ohm-m or less. Although not 
detected in most locations ofthis survey, yet at three sites located at the eastem edge 
ofthe plateau (adjacent to the rift faults), an additional interface probably separating 
the brackish groundwater (5-15 ohm-m) and the Dead-Sea brine (3-5 ohm-m) is 
detected at greater depth. These observations show that the upper Judea Group 
aquifer is usually saturated with ftesh groundwater, while the lower Judea Group 
aquifer, as well as the underlying Kumub Group aquifer, are saturated with brackish 
groundwater, the salinity ofwhich does not exceed the normal seawater salinity. The 
underlying Jurassic formations are normally saturated with the Dead-Sea brine. 
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SOIL AND GROUNDWATER CONTAMINATION BY ORGANIC 
POLLUTANTS FROM MILITARY INDUSTRY 

Levi L. 1,2, Dahan 0. 1, Weisbrod N. 1, Ronen Z. 1, Adar E. 1 ,Casher R. 3 

1. Department ofEnvironmental Hydrology & Microbiology, Zuckerberg Institute for 
Water Research, Blaustein Institutes for Desert Research, Ben-Gurion University of 
theNegev. 

2. Department ofGeological and Environmental Sciences, Ben-Gurion University of 
the Negev, P.O.Box 653 BEER SHEVA 84105 

3. Department ofOrganic Chenistry, Weizmann Institute ofscience, REHOVOT 
76100 

Vadose zone and groundwater contarnination by industrial organic pollutants is 
being investigated in the framework of a comprehensive environmental survey. The 
survey is conducted in and around a large military industrial complex where 
indication to groundwater contamination has been observed. This part of the survey 
and research study has focused on identifying the range of organic components that 
could have polluted the soil and possibly migrated through the vadose zone to the 
groundwater. A historic survey revealed that over the past 50 years untreated waste 

3,5-, eft1uents containing explosive residues of RDX (hexahydro-l,3,5-trinitro-l 
2,4,6-( triazine), HMX (octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine) and TNT 

trinitrotoluene) were released to streams, channels, and unlined storage ponds. As a 
result, a set of potentially polluted "hot spots" was selected for borehole drilling and 
high-resolution soil sampling. Soil samples collected fTom the vadose zone were 

. extracted and analyzed for a range of explosives, as well as for VOC's and SVOC's 
Sorption experiments of several explosives on a variety of local sediment samples 

were conducted to assess the pollutants mobility properties and reconstruct their 
migration conditions. The sorption-desorption behavior and long-term fate of the 
explosives were examined in a set of batch experiments, covering a range of time 

. scales and initial concentrations 
, The experiments indicate low sorption ofRDX and HMX to all soil types. However 

sorption of TNT was very fast and extensive. These results were consistent in both 
. short-term and long-term sorption-desorption experiments 

y וy on וAnalyses of sediments retrieved fTom the boreholes suggest that current 
, ess וresidues of explosives as RDX and HMX remain in the vadose zone. Neverthe 

water samples from groundwater on site indicate that those compounds migrated 
. the way to the groundwater over the past 50 years ווthrough the vadose zone a 
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NEOTECTONICS AND RE-EV ALUTION OF A SYRlAN ARC STRUCTURE 
BURlED IN THE LEV ANT BASIN OFFSHORE ISRAEL 

Levin D.1, Ben-Avraham Z.1, Reshef M.1, Ben-Gai y.2 

1. Department ofGeophysics and Planetary Sciences, P.O. Box 39040, Tel Aviv 
University, Ramat Aviv, TEL-A VlV 69978 

2. The Geophysical Institute ofIsrael, P.O.Box 182 LOD 71100 

Extensive research has been done on the Syrian arc structures on land, in Israel and 
adjacent countries, over the years. The research made in the sea focused on 
sedimentary structure or in solving tectonic problems of the Carmel structure and 
land-sea cross faults. The research area is on the continental margin off Nethanya 
some 20 Km off shore, in a 600Km2 area. The "Delta" structure is the name if a 
buried structure, that is assumed to belong to the Syrian arc system. It was first 
studied and drilled by "BELPETCO" in 1970 for oil and gas exploration. It is buried 
under a wedge of Plio-Pleistocene, Neil derived, sediments, and added the Messinian 
evaporates (known as reflector M and N on seismic lines) on the westem bank. 

The aim of the study is to examine the deformation and on going tectonic activity 
in the study area, and its relation to the bulgy "Delta" structure. The work is based on 
some 450 Km of multi-channel reflection lines :fi"om "Horizon" and "lsramco-91" 
series. The seismic data is controlled by 3 oil drill-wells. A designated data re­
processing will be done in selected lines to improve the resolution of the shallow part 
and improving the interpretation ability in the deeper part. Preliminary results of the 
main horizons interpretation in the study area and a isopach map of the Plio­
Pleistocene will be shown. At this point no conclusive conclusion can be made on the 
nature ofthe Neo-tectonic. The study's contribution can be in assessing the seismic 
hazard and in designing submarine in:fi"astructure. 
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ROCK MASS CLASSIFICATION FOR TUNNELS-PROJECTS IN ISRAEL 
AND FUTURE CHALLENGES 

Levin M. 

GGS - Geological & Geotechnical Surveys 

-cation of rock mass for tunnels is an essential element of comprehensive geo וfClassi 
engineering survey for tunnels design. The common methods, which are used in 

,) 1989 , Israel, are the Q method (Barton, 1974) and the RMR method (Bieniawski 
1995) is implemented. The advantages in וawhile recently the GSI method (Hoek et 

these methods are the possibility to evaluate throughout numbers the behavior of rock 
mass in terms of stability and the required time for support. The disadvantages are 
mostly in limiting the engineering thinking, while sometimes the local geological 

culties. The ffו conditions get less importance in conftontation with construction di 
Austrian method for example emphasizes the behavior of rock mass and therefore 
extends the use of deformation and stress measurements during the construction. This 
is done in order to implement the best excavation and support method. The use of a 

cation method (NATM for example) requires a flexible contract וfflexible classi 
method with risk sharing and contractors with large experience and variable 

. equipment, which for the time being seems too innovative in Israel 
, rst is Hadid tunnels, 460 m long וfThree projects of tunneling are described. The 

excavated as part of the Cross Israel Highway. The second is Kedumim tunnels in 
, Nazareth, 310 m long under construction. The third is Akko-Karmiel railway tunnels 

. 5 km, which are now at the design stage 
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DYNAMIC BACK ANAL YSIS OF BLOCK DISPLACEMENTS IN A 
VOUSSOIR ARCH AND ESTIMATION OF HORIZONTAL PGA 
THRESHOLDS IN ARCHEOLOGICAL SITES USING DDA 

Levy R. 1 I Hatzor Y. 1 I Marco S. 2 

1. Department ofGeological & Environmental Sciences, Ben-Gurion University ofthe 
Negev, P.O.Box 653, BEER SHEVA 84105 

2. Department ofGeophysics and Planetary Sciences, Tel Aviv University, P.O.Box 39040 
TEL-A VIV 69978 

Many archaeological sites in Israel were damaged by earthquakes, but only in few it 
is possible to make a precise quantitative mechanical analysis of the damage, and 
evaluate threshold horizontal Peak Ground Acceleration (pGA). In order to perform 
back analysis of historical earthquakes we chose archaeological sites that show 
damage but not total destruction. Furthermore, the observed damage must be 
measurable by comparing final and initial positions of elements in the structure such 
as displaced blocks within an otherwise intact structure. 
A number of potential archeological sites for quantitative analysis were found. In this 
work we focus on examples from two sites: Masmshit in the Negev and Nimrod 
Fortress at the Golan Heights where single blocks were displaced ftom their original 
position. 

A Voussoir is one ofthe most ancient and common structures in the world typically 
used in construction of vaults in masonry structures such as cathedrals, fortresses, and 
public facilities. However, there is no agreement over a complete analytical solution 
to the distribution of stresses in an arch since the problem is statically indeterminate. 
Therefore, numerical methods of the discrete element family such as DEM or DDA 
must be employed in order to solve the response ofthe Voussoir to both static and 
dynamic loads. 

In this research, a two-dimensional model of an arch and the surrounding structure 
was simulated, and a synthetic earthquake record was used as input in the basement 
block in the form oftime dependent displacements, simulating numerically the effect 
of a shaking table. The response of the structure was studied up to the point of 
incipient failure in a mechanism similar to the one observed in the field. 
The analyses of the numerical output include the critical ftequency and size of input 
displacements, thus allowing initial conclusions regarding threshold values of 
seismogenic ground displacements which caused the observed damage in historic 
earthquakes. 
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THE HYDROGEOLOGY AND GEOCHEMISTRY OF GROUNDWATER IN 
THE ALLUVIAL FAN OF WADI ARUGOT, THE DEAD SEA EREA 

Lewenberg 0. 1,2, Yechieli Y. 1, Lazar B. 2 

1. Geo1ogica1 Survey ofIsrae1, 30 Malkhe Israe1 st., P.O.Box 182, JERUSALEM 95501 
2. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 

The present study summarizes the geological, hydrological and geochemical data 
obtained ftom new observation boreholes in the area of Wadi Arugot. The main 
findings in the research were: A salt layer was found in boreholes that were drilled 
near sinkholes (at a depth ofabout 50 m). The thickness ofthis salt layer varies ftom 
20 m to less than 2 m over a distance of 100 m. Two sub-aquifers were found in the 
area. The upper, lower pressure sub-aquifer and the lower, higher pressure sub­
aquifer. The upper sub-aquifer is divided into top, low salinity water (molality of 
about 3.5 mmol'Kg-1H20) and bottom water having near Dead Sea salinity. The 
salinity of lower sub-aquifer is much lower than that of the Dead Sea (about 450 
mmol·Kg-1H20). The characteristics of the lower sub-aquifer suggest that it may 
cause dissolution of the salt layer. Indeed, groundwater ftom the salt layer had 
Na/Cl=0.55 that is indicative of salt dissolution (comparing to the much lower 
NalCl=0.25 ofthe Dead Sea). 

The very low value ofthe cosmogenic isotope 14C in some ofthe groundwater (about 
8 pmc) suggest that some of the brines are older than several thousands years and at 
present, ftesh groundwater recharge is minute. This is because the 14C of the 
groundwater is lower than the weighted mean ofDead Sea 14C (the saline end member 
with 14C of about 82 pmc) and the fresh springs waters (the fteshwater end member 
with 14C ofabout 60 pmc). 

The 3H content of the groundwater varied between 3 to 0 TU. This value is lower 
than the recent value ofthe Dead Sea 3H (about 3.7 TU) the recent rain 3H, indicating 
that some of groundwater are older than 40 years. 
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THE SIGNIFICANT GEOLOGICAL CONTRIBUTION TO THE RENOVATION 
OF THE SECOND TEMPLE BY KING HEROD 

Lewy Z. 

Geological Survey ofIsrael, 30 Malkhe Israel st., JERUSALEM 95501 

The Zedekiah Cave is a subsurface quarry within an area of sUrface quarries of 
building stones for the city of Jerusalem. The cave has a small opening at the foot of a 

Om northeast of the ךquarry escarpment below the northem wall of the old city about 
Damascus (Shekhem) Gate. The cave is about 200m long and 80-100m wide with 
quarrying structures characteristic of Roman times. A Babylonian winged bull found 
carved on a wall suggested that the cave existed in earlier periods, and that the 
quarried part may have followed a karstic system. The Zedekiah Cave follows a 
certain layer 2-3m thick within the Lower Turonian Detrital Limestone Member 

Meleke") of the Bina Formation. It consists of porous rudistid white limestone "( 
which in the cave is wet, ftiable and of a chalky appearance. The underground quarry 
of this mable stone must have had a significant benefit that justified the difficult and 

. dangerous operation 
Among King Herod's great building activities was the renovation of the Second 

Temple (started about 20 B.C.E.). The Bible forbids using metal tools in the 
construction ofthe Temple, which complicated the final shaping ofthe stones on the 
holy site. The underground quarried layer consists of massive fteestone, easily and 
rapidly cut and carved in various shapes. When the blocks are exposed and dried they 
harden ftom outside inward, forming with time hard building stones. During the first 

, days of exposure the blocks can be further shaped by non-metallic tools (bone 
ceramic, stone). The friable nature ofthis rock-type made it useless while quarrying in 
the open hard blocks for building. A similar detrital limestone that cements when 
exposed was underground quarried for building stones in southem England since 
Roman occupation. This phenomenon may have been known to the Roman engineers 
advising King Herod in the constructions. When such a stone was needed for the 
renovation ofthe Temple the local quarrymen pointed to the useless layer in the open 
quarries north of the city. The layer was traced by the geologists-engineers to the 
quarry-wall to the south. A single small opening was cut through the hard extemal 
hard crust of the layer to keep the intemal humidity of the rock during underground 
operation. The cave did not exist earlier in any form and therefore was not the 
legendary escape route of King Zedekiah from the Babylonians in 586 B.C.E. as the 

. Babylonian symbol should substantiate, and thus the latter is regarded a forgery 
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ARTIFICIAL TRACERS AS MARKERS FOR GROUNDWATER MOVEMENT 
AND PARTICLE TRANSPORT IN THE DEAD SEA AREA 

Magal E. 1,2, Weisbrod N. 2, Yechieli Y. 1. 

1. Geological Survey ofIsrael, 30 Malkhe Israel St., JERUSALEM 95501 
2. Department ofGeologicaI and Environmental Sciences, Ben-Gurion University of 

the Negev, P.O.Box 653, BEER SHEVA 84105 

Artificial tracers for marking groundwater movements are a widespread tool, for 
quantifying and realizing connections and directions in hydrological systems. The 
goal of the present work is to quantifY the groundwater velocity and particle transport 
at different areas of the Dead Sea coast, as a response to the rapid dropdown of the 
Dead Sea level. 

Some of the most common groundwater tracers are influenced by both the 
groundwater salinity and the sorption properties of the porous media. Therefore we 
primarily tested the tendency of some tracers to be absorbed onto sediments ffom the 
Dead Sea area at different water salinities, in order to establish a tracing tool for 
highly saline groundwater. Preliminary result shows that some of the tracers can be 
applicable in the Dead Sea area (sorption ofless than 500/0). These tracers will be used 
in a field test at the Einot Zokin national reserve and near the Ein Gedi shoreline. 

Transport and removal of particles by groundwater was first suggested as a 
mechanism for formation of sinkholes at the Dead Sea area. Although there are many 
data that show that the main mechanism of sinkholes is salt dissolution by 
groundwater, the role of particles removal has not yet been ruled out as a secondary 
process. Particle suspension in groundwater is strongly influenced by the groundwater 
ionic strength, where the ionic strength is low the particles are suspended and beyond 
critical salt concentration they settle. Therefore, as a first stage, the transport of 
particles (microsphere- fluorescent polystyrene spheres) was studied at the laboratory 
in a series of columns filled with sediments and water of different salinities. 
Preliminary results show that, even in the most concentrated brines, such as the Dead 
Sea waters, some ofthe particles remain in suspension and are transported through the 
column. 
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IMPROVING FLUID FACTOR ESTIMATION USING SPECIAL TUNING OF 
MUD-ROCK LINE PARAMETERS 

Margaret Reznikov1, Israel Binkin 2 

1. The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 
2. Geomage, The College of Judea and Samaria, building 10, ARlEL 44837 

The AVO (Amplitude Versus Offset) method has been widely used with great 
success over the past few years in the study of lithology and for direct detection of oil 
and gas in various parts of the world (including offshore Israel). One of the A VO 
attributes, the fluid factor, is an optimal hydrocarbon indicator for gas-bearing 

. sands 
This work illustrates the importance of mud rock line parameters evaluation for 

improvement of the fluid factor definition. A new method for mud-rock line 
 I. parameter calculation by examination models of water saturated sands is proposedמ

water-saturated sands the fluid factor must be equal to zero and the seismically 
extracted A VO attributes (intercept and gradient) form a well-defined background 

or חthis case mud-rock line parameters will be determined by the trial-and-e מI. trend 
modeling. These calculated parameters are then introduced as for local geological 

. conditions, allowing an A VO inversion for gas-saturated sand 
Gas sands may exhibit a variety of A VO behaviors. Class 1 sands has high 

. impedance relative to the overlying shales. Class 11 has a small impedance contrast 
) Class m sands has lower impedance than the overlying shales (classical bright spots 

and exhibit increasing reflection magnitude with offset. For Class IV sands, the 
introduction of gas causes a negative normal-incidence reflection coefficient and 

, decrease in amplitude with increasing offset. For each class of gas-saturated sands 
alternative models of water saturated sands were tested. Direct and inversion A VO 

. computations were carried out and the fluid factor was estimated 
Tuning of mud-rock line parameters for better fluid factor estimation was 

performed on selected lines crossing the sand reservoir offshore Israel. Sand 
deposition appears to be confined to the Lower Pliocene, with a predominantly shaly 
section thereafter of Pliocene-Pleistocene times. The project results in the 
determination ofmud-rock parameters for local geological conditions (sand reservoir 

.) offshore Israel 
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HE SHALLOW זFLOODING ON -זHE INFLUENCE OF WADI EL QUIL ז
EM IN JERICHO AREA זAQUIFER SYS 

Marie A., Jundi M. 

Faculty of Applied Sciences, Al Quds University, WEST BANK 

Twenty ground water samples and 50 flood water samples were collected during the 
hydrologic years 2003/2004 and :tfom 2001/2004 respectively. The water samples 
were analyzed for there chemical and isotopical Constituents. 

To identify recharge area and the mixing zone we used two sources of:tfesh water 
(two end members) :tfesh water and brackish water with chloride content of "68.4" 
mg/L and "2.9"mg/L. 

W e identify three main recharge zones , the waste water area with more than 800/0 
:tfesh water contribution and only 20% brackish water , the area which range between 
40% and 70 % :tfesh water and the eastern area less than 40% :tfesh water . 
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USING A GIS TRANSFER MODEL (AVGWLF) FOR PLANNING WATERSHED 
BMPs: A CASE STUDY IN LAKE KINNERET WATERSHED, ISRAEL 

Markel D. 1,2 

1. Water Commission, Zahar Industrial Area, POB 623, ROSH PINA 12000 
2. Joint Research Centre ofthe European Commission, Institute for Environment 

and Sustainability, TP 272, 21020 - ISPRA, ITALY 

Lake Kinneret (Sea of Gali1ee) is the on1y 1arge surface water body in Israe1, 
encompassing an area of 167 km2 and supp11ing some 30% of the country's fresh 
water. The 1ake has a watershed of 2730 km in area, which is intensive1y used for 
agricu1ture and tourism purposes. Po11ution 1Tom anthropogenic sources and water 
abstraction for domestic and agricu1tura1 use are threatening the water qua1ity of the 
1ake. Hence, an intensive monitoring program has been imp1emented since 1969. The 
monitoring was intensified in 1999, due to a deterioration of the 1ake water qua1ity. 
Although there are more than 200,000 residents in the watershed, the main 1and use is 
agricu1ture (e.g., orchards, fie1d crops, fishponds, cowsheds, and catt1e-grazing areas). 
Po11ution 1Tom point sources (PS) in the watershed has decreased drastica11y with the 
deve10pment of wastewater treatment. However, not much has been done to prevent 
non-point-source (NPS, diffuse) po11ution from agricu1tura1. Eva1uating and managing 
diffuse po11ution is difficu1t, due to the comp1ex spatia1 behavior of po11utants. 
Therefore, a p1an has been initiated to imp1ement po11utant transport mode1ing using a 
GIS-based approach. 

Month1y 10ads of phosphorus, nitrogen and sediment for a given set of weather 
conditions are eva1uated using AVGWLF (a GIS-based watershed 10ad mode1). The 
mode1 has been imp1emented in Pennsy1vania, Ontario, and Mexico; current1y, it is 
being tested a1so in Sweden and severa1 other states in the United States. In this paper 
we present an app1ication of the mode1 to the Lake Kinneret watershed, using 10ca1 
c1imate, soi1, 1and use, and point source data. The new version of the mode1 
(KINWET - Kinneret Watershed Eva1uation Too1) wi11 enab1e simu1ation of current 
and future phosphorus, nitrogen and sediment 10ads entering the 1ake 1Tom the 
surrounding watershed. A decision support system (pRedICT - Po11ution Reduction 
Impact Too1) wi11 be 1inked to the mode1 to eva1uate different BMPs (Best 
Management Practices) and po11ution mitigation strategies for the purpose of 
minimizing diffuse po11ution flow to Lake Kinneret. Resu1ts 1Tom simu1ations wi11 
enab1e watershed managers to prioritize the most effective a1tematives for protecting 
water qua1ity in the 1ake. 
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THE TECTONIC LINK BETWEEN THE EASTERN MEDITERRANEAN AND 
THE NORTHERN RED SEA 

Mart. y1, Ryan W. 2 

1. Recanati Institute for Marine Studies, University ofHaifa, HAIF A 31905 
2. Lamont-Doherty Earth Observatory ofColumbia University, PALISADES, 

NY 10964, USA 

Structural experiments in analog modeling paved the way to suggest a new tectonic 
model of the eastem Mediterranean and the northem Red Sea. That region is 
constrained by two major tectonic elements - the Levant rift and the Hellenic 
subduction zone, and by two principal displacements - the northward motion of 
Arabia and the westward offset of Anatolia. GPS measurements show that the rate of 
Anatolian motion increases westwards considerably, whiles the difference between 
the displacements of the tectonic blocks of Arabia and Sinai-Israel is not large. The 
tectonic significance of these findings was tested in series of structural experiments in 
oblique rifting and in subduction. Centrifuge experiments in incipient subduction 
shows that the underthrusting of the oceanic lithosphere leads to the uplift and 
extension, which is most effective in the crust of the overlying continent, and rolls 
back the upper subduction zone. The edge of the extended continental crust tends to 
rift apart and form a back-arc basin. Split box experiments in oblique rifting led to the 
contemporaneous development of extensional axial basins that gradually merged to 
form an axial rift. The brittle layer ofthe rift thinned and enabled the ascent of ductile 
layer diapirs. Morphological resemblance of the models to tectonic features of the 
eastem Mediterranean suggests that the westward motion of Anatolia is derived from 
the Hellenic subduction and the roll-back ofthe subduction zone and the subsequent 
extension of the overlying slab. That motion occurs mostly along the North and the 
East Anatolian Faults, and partly through the Aegean extension. The oblique 
extension of the Levant Rift system seems evident in the series ofaxial basins that 
propagated gradually to form the active Jordan and EI Gharb rifts, and the Lebanese 
fault splay in between. There is ground to presume that the extension along the Hatay 
Rift is a product of the transtensional motion along the East Anatolian Fault. 
Consequently doubt was cast on the validity of the occurrence of a transform fault 
along the Levant rift systern, and ofthe escape tectonics of Anatolia derived ftom that 
transform offset. 
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MOMENT SCALING FROM ןEVIDENCE FOR NON-CONSTANT ENERGY 
CODA-DERIVED SOURCE SPECTRA 

Mayeda K. 1, Gok R. 1, Walter W. 1, Hofstetter R. 2 

1. Lawrence Livermore National Laboratory, LIVERMORE, USA 
2. The Geophysicallnstitute oflsrael, P.O.Box 182 LOD 71100 

We present two lines of evidence showing the ratio of seismically radiated energy 
(ER) to seismic moment (M.,) increases with increasing moment for crustal events 
spanning 5 orders in seismic moment. This ratio, often referred to as the scaled energy 
<!--[if !vml]-->e<!--[endit]--> (=ERIMo) has been elusive and the subject of recent 
debate within the seismological community. Because significant ftequency-dependent 
corrections must be made to account for source and path heterogeneity, it is common 
that energy estimates of the same event by different researchers have significantly 
different values. To minimize some of the potential problems, we used the regional 
coda methodology outlined in Mayeda et al. [2003] on 4 large earthquake sequences; 
Mw 7.4 and 7.2 IzmitlDuzce, Mw 7.2 Gulf of Aqaba, Mw 7.3 Landers, and Mw 7.2 
Hector Mine. This methodology has been shown to provide the lowest variance 
estimate of the source spectrum when compared against traditional direct wave 
estimates. In our first approach we made energy estimates ftom coda-derived spectra 
and observed that <!--[if !vml]-->e<!--[endit]--> increases with increasing moment 
for 3.7 < Mw < 7.4. In our second approach we used the simple idea outlined by Prieto 
et al. [2004] to directly test for self-similarity. Under self-similarity, earthquake 
source spectra scaled by w·3 should have the same shape. To test this, one needs very 
stable spectra either through spectral stacking of direct wave spectra or by the use of 
stable coda-derived spectra. For all sequences we found that the mainshocks and 
larger aftershocks had significantly different spectral shapes than the smaller events. 
The scaled w·3 spectra ofthe larger events represented an upper bound, having larger 
amplitudes near the comer ftequency. In fact, an w·3.S scaling moved the larger events 
closer to the mean of the spectral population, though the spectral shape differences 
persisted. These results strongly suggest that earthquakes are not scaling self-similarly 
and that complexities in the rupture process such as variable slip velocity exist 
between small and large events. 
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STABILITY OF CAVITIES AND FORMATION OF SINKHOLE ALONG THE 
DEAD SEA COAST 

Maimon 0. 1,2, Lyakhovsky V.2, Agnon A 1, Abelson M. 2 
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We present a study of stability and collapse mechanisms of cavities with respect to 
the formation of the Dead Sea sinkholes. The influence of (1) cavity depth/width 
ratio, (2) shape of cavity, and (3) sediment mechanical properties, on the stress 
distribution and failure pattem around a sub-surface cavity are tested using numerical 
simulations. The process of cavity collapse is analyzed by two modes of failure. 
Simulated stress distribution around cavity is calculated using linear elasticity. We 
evaluated Mode-I failure where pure tension developed. Results of 3D simulations 
demonstrate tension near the ftee surface, probably causing surface cracks and sudden 
collapse. Mode-II corresponds to yielding or plastic flow ofthe soil under shear and 
compaction. Stress simulation is done for an elasto-plastic material obeying the 
Coulomb-Mohr yield criterion. 
The simulations results show that the salt layer is strong and stable. Failure in the 

salt layer will not occur due to the loading of the upper layers. Yet, shear stresses are 
amplified on the contacts due to the contrasting properties between the salt and other 
sediments. These enhanced shear stresses can produce cracks and can increase the 
water flow into the cavity. Dissolution at the roof of the salt layer will cause the 
unconsolidated sediments to flow to the open space. The week clastic sediments could 
not hold underground cavities. Therefore, it is more likely that the underground 
cavities develop ftom the bottom of the salt layer which holds the cavity until their 
collapse. 

A plastic model simulates the development of faults for various sinkhole cavity 
depth/width and sediment strengths. In all cases failure develops along reverse faults. 
With the approach of these faults to the ftee surface a bell shape sinkhole forms. This 
sinkhole will grow to a funnel shape, and a new sinkhole can develop on the bottom 
of the primary sinkhole. A small bell shape sinkhole inside a large funnel sinkhole 
was observed in several sinkholes sites. For small cavity depth/width or high sediment 
strength, the maximum width of the parent sinkhole is too small for the development 
ofnewadditional sinkholes. 
It also appears that high cavity depth/width tends to stabilize cavities in clastic 

sediments. Tensile stresses develop perpendicular to the cavity roof and can produce a 
stable arch shape. The arch shape and stability of the clastic sediments depends on the 
ratio between the vertical and horizontal stresses and the material friction angle. 
However, a cavity in clastic sediments is unstable since the strength ofthe host rock is 
low and varying. 
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GEOLOGISTS KEY ROLES IN OUR COUNTRY'S PRESERVATION AND 
DEVELOPMENT 

Mazor E. 

Department ofEnvironmental Sciences and Energy Reasearch, Weizmann Institute of 
Science, REHOVOT 76100 

Traditional geology dealt with exploration and exploitation of building materials, 
phosphorite, clays, metal ores or water supply, civil engineering consultation etc. The 
target was to answer all the market demands. 
The leeway of the geologist's activity is considerably wider in the 21st century, in 
light of the general awareness that pristine landscapes have to be preserved for us and 
for the next generations. The scope of the geologist's functions is extended and we 
should participate in the setting of priorities and provision of the optimal solutions for 
modes of preservation as well as environment-fiiendly development. The following 
are a few examples of relevant topics: 
* Israel has variegated geologicallandscapes - let us identify and preserve them. 
* Planning is a typical geologist's activity - state-wide, urban, and environmental. 
* Thematic surveys around residential complexes in order to anchor them at their 
surroundings, e.g. detecting special landscape units, springs, river beds, karstic 
features, rock exposures etc., and incorporating them in the public gardens, squares, 
scenic promenades and view points, as well as using local rock types in public 
buildings and stone fences, and giving the streets relevant thematic names. 
* Geological - community - regions. A region of a marked geological structure can 
often be the base for the development of regional inter-communal ties, e.g. the 
ongoing crystallization of a community of the Makhteshim Country and the adjacent 
Great Rift Valley Segment or the coastal Kurkar Hills between Ness Zyona and 
Gedera. 
* Geological raw material surveys will always cover the whole range of possible 
applications of the area, including kinds of non-destructive enterprises, nature 
tourism, and preservation. 
* Mining plans should always minimize the destruction and address rehabilitation .. 
* Full utilization of a quarry's products in order to minimize waste and reduce the 
need to open new mines. 
* Optimal utilization of emptied mine spaces to be planned ahead, e.g. for cemeteries, 
parks or waste sites. 
* Geological aspects of restoration. e.g. of quarries, mines, road cuts, drainage basins, 
waste dumps etc. 
* Involvement and cooperation with decision making bodies: e.g. state and municipal 
planning committees and committees of the Knesset, as well as the green 
organizations. 
* Inclusion of these themes in the university teaching by courses and research. 
* The IGS medal. It is warmly recommended the listed aspects are included. 
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GROUND MOTION SCALING IN ISRAEL 

Meirov T. 2, Hofstetter R. 1, Ben-Avraham Z. 2 Steinberg D. 2 

1. The Geophysical Institute ofIsrael, P.O.Box 182 LOD 71100 
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Ramat Aviv, TEL-A VIV 69978 

The rate of seismic activity in Israel and its vicinity is relatively low, but historical 
descriptions show that strong earthquakes have occurred in this region. Some ofthese 
events have caused widespread damage to large areas. The evaluation of attenuation 
relationship is therefore of great practical importance to this region. Understanding 
regional variations in attenuation is important for predicting the amplitude of ground 
motion expected fi"om future earthquakes. Describing the attenuation of the ground 
motion as a function of frequency can be used for engineering design and seismic 
hazard. 

The overall aim of this project is to investigate the regional attenuation of the 
ground motion as function of the source-station distance and fi"equency of motion. 
The optimal relation is one based on data fi"om large earthquakes, because such a data 
set contains large ground motions of interest fi"om large earthquakes near the site of 
interest. The records of strong large earthquakes are rather scarce in Israel and for 
this reason we propose to use data fi"om more fi"equent, smaller earthquakes to 
constrain the distance and fi"equency dependence of the ground motion. The sparse 
sets of strong motion recordings can thus be used to focus on scaling fi"om small 
earthquake to large earthquake motion. 

To obtain the distance scaling relationship we use the Yazd's method (1993) and 
following the approach described by Raoofet al. (1999) and Malagnini et al. (2000). 
In this approach we use a source model and a regional scaling law to predict spectral 
shape and amplitudes of ground motion at various source-receiver distances, instead 
of trying to reproduce the exact details of the ground acceleration in the time domain. 
We could obtain the scaling relationships using a large number of recordings of the 
background seismicity and then performing regressions on the parameters describing 
the ground motions. 

In this research we use more than 1500 regional earthquakes recorded by Israel 
Seismograph Network (ISN) over period 1984-2004. About 600 events in the data set 
span a magnitude range fi"om 3.0 to 4.0, about 100 events fi"om 4 to 5 and about 10 
events have magnitude range more that 5. The data set is analyzed in this study 
consists ofwaveforms fi"om 40 stations. 
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CONSTRUCTION OF A VELOCITY MODEL OF THE SHALLOW 
SUBSURFACE FOR SITE EFFECT ESTIMATION USING SEISMIC 
METHODS 

Michael Ezersky 

GeophysicaI Institute of Israe1, P.O.Box 182 LOD 71100 

In order to estimate the site (local) effect, we first had to perform seismic refraction 
or downhole measurements (seismic studies) in the field and to obtain ambient noise 
records using the Nakamura technique, (i.e. the horizontal-to-vertical spectral ratio of 
microtremors) or direct records of earthquakes or both together (seismological 
studies). 

The seismic refraction and downhole methods are used for construction of the 
velocity model of the shallow subsurface in Israel. The main goals of seismic 
refraction surveys are (a) to estimate compression (Vp) and shear (Vs) wave velocities 
and (b) to map all interfaces available between the lithological units in the subsurface. 
As a rule considerable site effect occurs when a low velocity soil layer (with shear 
wave velocities of 100-600 m/s) overlies hard rocks (with a shear wave velocity of 
700-2500 m/s and over). However, there are cases where the combination of rock 
layers alone can cause the site effect. Such is the case in northem Israel (Afula, Qiryat 
Shemona areas) where, strongly weathered Lower basalt unit with a shear wave 
velocity of 650-800m/s (Vs) is located on a high velocity basalt unit (Vs=1400-
2000m/s). 

The methodology ofthe data acquisition is considered. Methods for S-wave velocity 
measurements are analyzed. The compression and shear velocities ofthe soil and rock 
in Israel are analyzed. Case histories of the velocity structure of the subsurface 
composed of soil or rock uppermost layer underlain by the strong rock mass are 
described. 
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APPROXIMATION OF EXPERIMENTAL TRANSFER FUNCTION BY THE 
SHAKE ANAL YTICAL MODEL 

Mikenberg M., Zaslavsky Y. 

The Geophysical Institute ofIsrael, P.O.Box 182 LOD 71100 

Based on Nakamura method we obtain a spectral ratio H/V function, using ambient 
vibration measurements. This function can be used to estimate a first mode ofthe l-D 
transfer function for the vertical incident S-waves. This l-D model is characterized by 
a matrix ofparameters (thickness, density, velocity and damping factor) ofmultilayer 
systern, which can be estimated ftom the given H/V ratio function. For this purpose a 
known SHAKE algorithm is used. The procedure comprises following stages: 
1. A small neighborhood ofthe ftequency and amplitude offirst mode is chosen. 
2. For reference set of parameters matrix we choose transfer SHAKE functions with 
amplitude and ftequency offirst mode ftom given neighborhood. 
3. From the given set oftransfer functions we choose one that has minimum deviation 
ftom the given H/V ratio function in the given frequency interval. 

In the cases when many parameters are searched, the problem may have more than a 
single solution. 
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BUILDING OF THE WESTERN ALPS AND EXHUMATION OF 
METAMORPHIC ROCKS: EVIDENCE FROM FORELAND BASINS OF SE 
FRANCE. 

Morag N. 1, Avigad D.1, McWilliams M. O. 2, Har-Lavan Y. 3, Michard A. 4. 
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In the Westem Alps syn-orogenic sediments were deposited during the Tertiary in a 
series offoreland basins, formed on top ofthe European lower plate by its downward 

, flexure under the advancing orogenic load. We have studied the mineralogy 
geochemistry and geochronology of detrital sediments ftom those basins in order to 

possible provenance terrains and assess their relative contribution. This may f}ו identi 
enable us to reconstruct the paleo-structures and the geodynamic evolution of the 

. westem part ofthe Alpine orogen in the Tertiary 
Samples of sandstones were collected ftom the foreland basins of SE France whose 

ages of deposition are well constrained ftom Middle Eocene to Early Miocene. The Si 
content of detrital muscovite grains ftom sandstone samples of all different deposition 
ages ranged ftom 6.05-6.5 atoms p.fu. In two samples colleacted ftom the Barreme 

. Oligocene basin, the occurrence ofsingle grains with Si>6.7 atoms p.fu was detected 
The Si content of white micas can serve as an approximation for the metamorphic 
pressure under which the mineral re-crystallized (according to Massonne and 
Schreyer, 1987). The 6.05-6.5 Si atoms p.fu grains originated ftom low-grade 
metamorphic or magmatic terrain, such as the Hercynian basement of the European 
plate currently exposed in the extemal crystalline massifs of the westem Alps. The 
Si>6.7 atoms p.fu grains originated ftom high-pressure metamorphic terrain, such as 

. the units ftom the inner part of the Alpine orogen 
Various pebble were collected ftom the conglomerate units of the Barreme 

Oligocene basin. This conglomerate unit is composed of over 90% carbonate pebbles 
10% sourced in the underlying Mesozoic cover of the European plate, the remaining 

include inner orogenic material: flysch-type sediments, ophiolite derived lithologies 
and blueschists. Blueschist pebbles contain mineral assemblages indicating P-T 

. metamorphic conditions of - 450°C and 11-12 kbar 
31-36 40 Ar/39 Ar dating of white mica ftom bluschist pebble yielded Tertiary ages of 

Ma, very close to the deposition age of their host conglomerate unit. This indicates 
rapid exhumation ofHP-LT metamorphic rocks and their exposure at the surface of 
the Alps by early Oligocene time. K/ Ar and 40 Ar/39 Ar dating of detrital muscovites 
ftom sandstone layers show the dominance of Pre-Alpine ages (200-300 Ma) within 

. all the Tertiary sediments 
As a whole, our data indicate that intemal Alpine units were not a significant 

provenance area for their adjacent foreland basins even though HP-LT units were 
exposed in the intemal Alps by Early Oligocene time. This may imply that the present 
day structure of the Westem Alpine chain, in which the intemal high-pressure units 
are sealed by the more extemal units along SW dipping backthrusts and exposed 

. mainly to the east ofthe main water-divide, already existed in the Early Oligocene 
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HYDROCHEMICAL AND HYDROLOGICAL ASSESSMENT OF SOME 
SPRINGS IN HEBRON AREA 

Nassar N., Abdul-Jaber Q. 

Faculty ofExact Sciences, Al Quds University, WEST BANK 

More than 40 springs in Hebron Area were considered in this study. Most of these 
springs lie within the eastem aquifer basin of the mountain aquifer. They flow out of 
carbonate aquifers, which range in age between Albian to Turonian. The study aims at 
providing a data base about the spring and checking the suitability of their water for 
different purposes as well as finding out the possible sources of the contamination of 
these springs. 

Calculations using the available data of the period 1970 - 2004 estimated the 
average annual runoff, recharge and precipitation to be 55.7 mm/y (11.4% of the 
precipitation), 141 mm/y (25% of the precipitation), and487 mm/y respectively. 
The hydrochemical and the isotopic study of the springs showed that rainwater is the 
main source of the groundwater recharge in the area. Mixing with wastewater from 
different sources as well as the leachates from washing the piles of animal dung by 
rainwater are possible sources of contamination of the shallow groundwater. The 
stable isotopic composition (62H and (180) of the water lies on the Mediterranean 
meteoric water line. This suggests the meteoric origin ofthe water. 3H analysis shows 
that the water of these springs contains between 5 - 6 TU which indicates the relative 
recent age ofthe water. 

Although the water of some of these springs is not suitable for domestic purposes, 
most ofthe springs are suitable for irrigation without limitations. 
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ERING InSAR - A NEW TECHNIQUE FOR חPERMANENT SCA 
DETECTING mm-SCALE GROUND MOVEMENTS, APPLIED TO THE AREA 
ADJACENT TO THE CARMEL FAUL T SYSTEM 

Novitsky R1,2, Baer G.2, Eyal y.1, Shamir G.3 
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2. Geological Survey ofIsrael, 30 Malkhe Israel st., JERUSALEM 95501 
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We present the first application ofhigh-resolution deformation detection in Israel by 
the Permanent Scattering Interferometric Synthetic Aperture Radar (pSInSAR) 
technique. Conventional InSAR carries the potential to detect sub-centimeter scale 
target displacements along the satellite's Line-Of-Sight (LOS) direction, with 
limitations resulting ftom temporal and geometrical decorrelation, atmospheric 
artifacts and cycle ambiguity. 
The PSInSAR approach (see T.R.E web site: http://213.215.195.35/tresite_eng 
/tecnicapslsubtecnicapslinterferometria/index.htm) is based on two basic 
observations: 
(1) Atmospheric artifacts show a strong spatial correlation, but they are uncorrelated 
in time. (2) Target motion is usually strongly correlated in time and can exhibit 
different degrees of spatial correlation depending on the phenomenon at hand. 
Therefore, atmospheric effects can be estimated and removed by combining data ftom 
long time series of SAR images. In order to exploit all the available images, and then 
improve the accuracy of the estimation, only scatterers slightly affected by both 
temporal and geometrical decorrelation are selected (hereafter called Permanent 
Scatterers). This allows pixel-by-pixel selection with no spatial averaging. Relative 
target LOS-velocity can be then estimated with unprecedented accuracy (often better 
than 0.1 mmlyr - depending on time span). The results are computed with respect to a 
ground control point of known location, elevation and motion. 

The study area covers Mt. Carmel, between the city ofHaifa and the Zevulun plane 
in the north and Menashe Hills in the south. The area is located adjacent to the Carmel 
Fault System (CFS), which is regarded as an active fault, with high seismic risk due to 
its proximity to large population centers and petrochemical industry. The current 
deformation in this area is presented with an unprecedented spatial resolution. 

This study was carried out within the ftamework ofthe Terrafirma Pan-European 
service for ground motion hazards. We analyze measurements of deformation time 
series and average annual rates that were carried out by T.R.E, Milano using 47 ERS-
1 and ERS-2 satellite images acquired between April 1992 and December 2001. At 
present, the observed deformation does not seem to correlate with other deformation 
indicators, such as water-Ievel changes, catalog seismicity, and slope stability. 
However, there is apparent correlation between PSlnSAR-detected ground movement 
and deformations observed in pavements and buildings in Lev-Hamifratz shopping 
center. In addition, an attempt is made to explain some of the observed deformations 
in the Yoqne'am-Jalame area by a fault model that assumes left-Iateral strike-slip 
motion along the NW-striking Carmel Fault segments. 

79 



INGS IN THE TROODOS חCONTRASTING SERPENTINIZATION SE 
OPHIOLITE: AN ISOTOPE RECORD OF OCEANIC-SPREADING AND 
EMPLACEMENT-RELATED TECTONICS 
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A highly serpentinized domain within the ultramafic complex of the Troodos 
ophiolite is considered based on gravimetric data to be the exposed part of a 
serpentine diapir formed above a Pleistocene subduction zone. However, field 
evidence favors serpentinization during Cretaceous seafloor spreading: the ultramafic 
complex forms part of an oceanic ridge-transform intersection (RTI) and its off-axis 

. location resembles the geometry of oceanic core complexes 
, In this study we use field, petrographic and stable isotope data to unveil the early 

oceanic-spreading related tectonics and alteration of the Troodos RTI. Petrographic 
180) of hydrothermal alteration were examined in three ( (סס,and isotopic tracers 

profiles across the Amiandos Fault, a major ridge-parallel normal fault, which 
juxtaposed serpentinized ultramafic rocks against gabbros. Along strike, the fault was 
described as a listric splay of a low-angle detachment. Petrographic and field 
observations indicate that the degree of alteration determined by the modal amounts 
of hydrated minerals in both gabbros and ultramafic rocks increases as the fault is 

. approached 
Oxygen isotope ratios of serpentine (Srp) along a 2 km transect at the central part of 

the serpentinite exposure range from 10.5 to 12.50/00, among the highest 0180 values 
measured in ophiolite serpentine, and in agreement with the pioneering work of 
Magaritz & Taylor (1974). Entirely different, much lower 0180 (Srp) were measured 
in a detailed, 70 m long profile perpendicular to the Amiandos fault at the northern 

: part of the serpentinite domain: 4.6 to 5.60/00. Hydrogen isotope ratios also vary 
values in the central transect range from -73 to -91 %0, those of the מdwhereas the 

northern transect are significantly higher ranging from -57 to -700/00. The duality in 
-isotope ratios in Troodos calls for two distinct serpentinization events: low 

temperature hydration recorded in the central area and high-temperature interaction 
with seawater at the northern part. Superposition of the two serpentinization events is 
evident at the third, southernmost transect, where 0180 (Srp) values decrease 
gradually from 10.30/00 2 km away from the fault to 4.99%0 at the fault plane itself. It 
is thus suggested that exhumation and serpentinization ofthe Troodos peridotites first 
occurred at the footwall of an oceanic core complex. The tectono-hydrothermal 
oceanic history was later overprinted by low-temperature serpentinization either on 

. the seafloor or at continental conditions during emplacement 
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MANGANESE MOBILIZATION DURING "S0IL AQUIFER TREATMENT" OF 
EFFLUENTS (THE SHAFDAN PLANT) 

Oren O. 1,2, Gavrieli 1. 1, Burg A. 1, Guttman Y. 3, Lazar B. 2. 

1. Geological Survey ofIsrael, 30 Malkhe Israel st, JERUSALEM 95501 
2. The Institute ofEarth Sciences, Hebrew University, Givat Ram" JERUSALEM 91904 
3. Mekorot Water Co. Ltd., 9 Lincoln St., P.O.Box 20128, TEL A VIV 61201 

r of Mn is controlled by the oxidation state of the וtThe geochemical behavi 
environment. In aerobic environments Mn is immobilized in solid phases of 
Mn(III,IV)-oxides. When the conditions become suboxic, the Mn oxides are reduced 

. to the soluble species Mn2+ and maybe mobilized by the water 
Organic matter presents in infiltration water is oxidized by a series of reduction 

reactions following a decreasing order of oxidation potentials: dissolved oxygen 
(DO» N03> Mn(ln,IV» Fe(nl» S04 > CO2. Hence, when oxygen and nitrate are 

. depleted, Mn(III,IV) can serve as the electron acceptor and is reduced to Mn2+ 

Accordingly, one of the methods of tertiary treatment of effiuent water is the Soil 
Aquifer Treatment (SAT). This treatment includes recharging the aquifer with 
effiuents containing large organic matter loads, which are oxidized in the unsaturated 
and/or saturated zone. Clearly, this system may reach the stage of Mn reduction and 

. mobilization 
The present study examines the Mn mobilization in the unsaturated zone and within 

the aquifer in the SAT system ofthe Shafdan Plant. It was observed that 20 years after 
the onset of operation the Mn concentrations of the reclaimed water rose to values of 

30 . 100-2000 ppb, much higher than the concentrations in the recharged effiuents (ca 
ppb). This phenomenon is mainly found around one of the infiltration basins, Yavne 
2, where this study is conducted. The increase in Mn was attributed to its mobilization 

. trom the country rocks but the mechanism and controls on its dynamics is not clear 
The work includes installation of ceramic cups at depth of 0.5-9m that collect water 
trom the unsaturated soil during basin flooding events. Two observation wells were 
drilled in the center ofYavne 2 infiltration basin: one down to the water table, and the 
second reached 10m below. The preliminary results show low Mn concentrations 

. Iower than 50 ppb) in waters trom the unsaturated zone down the top of the aquifer ( 
Therefore we suggest that the redox potential of the unsaturated zone has not 
decreased to the level of the manganese reduction as corroborated by the relatively 
high nitrate content (produced by ammonium nitrification in the effiuents). Our results 
may imply that the main Mn reduction and dissolution occur along the flow path of 
the water within the aquifer, and not in the unsaturated zone, as has been suggested in 

. the past 
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SHEAR STRENGTH OF SIL TY SANDS AND SIL TY CLA YEY SANDS FROM 
THE SOUTHERN COSTAL PLAIN. 

Oriyan 1.1, Hatzor Y.H. 1, and Gvirzman H·2 
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2. Inst. ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 

We determine the mechanical properties and mechanical behavior of two soil types 
ftom the studied section by application of in - situ and laboratory tests. 
In - situ tests were performed in 5 boreholes drilled to a maximum depth of 20 

meters. The tests included three standard penetration tests (SPT), five pressuremeter 
tests (PMT) and cross hole and down hole surveys for determination of seismic wave 
velocities. In addition, two trenches were cut in the site to depths of 7 and 14 meters. 
Samples ftom bore holes were retrieved in 1 meter intervals for laboratory tests. In 
addition, blocks were quarried out of the trenches for direct shear tests. The 
experimental work included the following tests: 
1. Determination of Index Properties, Atterberg Limits, and grain size distribution. 
2. Drained shear tests performed on a hydraulic, servo-controlled, load ftame 
3. Determination of a shear strength criterion for the two soil types 
4. Determination ofthe elastic modulus and maximum shear modulus 
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QUALITY ASSESSMENT OF STRONG-MOTION RECORDS IN ISRAEL 

. Shvartsburg A .וPeled U .וZaslavsky Y .וPerelman N 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

The strong motion data are absolutely necessary for estimating seismic vulnerability 
as for separated important structures (power stations, dams, tail buildings and others) 
so for man-made structures in densely urbanized areas to improve public earthquake 
safety. Collection of the strong motion data in Israel is conducted by Seismology 
Division of Geophysical Institute of Israel (Gll). The first analogue strong motion 
instruments (SMA-l) were installed in 1978. Since 1984 all strong motion 
instruments have been equipped with digital recorders. The number of strong motion 
accelerometer stations has been growing rapidly during the last three years and now 
there are 60 stations. The accelerograms database currently includes more than 50 
accelerograms ftom 17 earthquakes with Mw magnitude ranging ftom 3.7 to 7.1. The 
geological characteristics of the sites where the accelerometers located differ and 
range ftom hard-rock to thick layers of sand, alluvium, clay and sift-grained 
sediments. 

It is essential to make an assessment of quality ofthese records, since accelerograms 
may, occasionally, be affected by non-standard recording, which could limit their 
implementation in strong -motion studies. Since all strong-motion data are rare, it is 
important to know whether any useful information can be obtained ftom 
accelerograms that were affected by such problems. The following types of errors 
obtained ftom the accelerograms were analyzed: insufficient digitizer resolution, S­
wave trigger, insufficient sampling rate, multiple baselines and spikes. We examined 
the effect ofthese errors on Fourier and response spectra and excluded those records, 
which cannot be used in strong-motion studies. After that, all accelerograms have 
been integrated with removing offset low-cut filtering in order to obtain velocity and 
displacement and define peak ground acceleration (pGA), peak ground velocity 
(pGV) and peak ground displacement (pGD). Fourier spectra, response spectra and 
also horizontal-to-vertical spectral ratio were computed. 
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NATURAL RADIOACTIVITY IN GROUNDWATER FROM THE NEGEV, 
ISRAEL 
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4. Water cornmission, Water Quality Division, TEL A VlV 

As most of the groundwater basins in the Midd1e East are being diminished or 
contaminated, exploitation of the deep aquifers referred as the "Nubian Sandstone" 
ftom the Paleozoic and Lower Cretaceous sandstone units is increasing. Natural 
radioactivity is an important water quality factor of foundwater ftom this aquifers. 
Systematic analyses of radium isotopes (226Ra, 22 Ra, 22"Ra, 223Ra), using four 
analytical measurement methods, in over sixty groundwater samples ftom the Negev 
and Arava Valley, reveal that a large number of the pumping wells exceeds the 
Intemational and Israeli drinking water regulations as regulated by European 
Community (EU) and the Israeli Ministry of Health. In the Lower Cretaceous Nubian 
sandstone (Kurnob Group) aquifer 19 out of the 27 (70%) investigated wells are 
having radium activity above the Israeli regulations while 96% exceed EU 
regulations. 
In the overlying Upper Cretaceous carbonate (Judea Group) aquifer the numbers of 

wells with activity exceeding the Israeli regulations are 9 (380/0) and 10 (42%) out of 
23 exceed EU regulations. In the carbonate aquifer we observed a linear correlation 
between 226Ra activity and salinity whereas in the sandstone aquifer the 228Ra isotopes 
is predominated and no relationship with salinity was found. Our results clearly 
indicate that high activity of radium, even in low saline groundwater, play a key role 
in exploitation and water utilization for domestic and agriculture applications. 
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(KURNOB) AND JUDEA AQUIFERS IN THE NEGEV 

Pery N. 1, Ven~OSh A. 1, Haqin G. 2, Elhanani S. 3, Gazit Yaari N .2, Paytan A. 
4, Pankratov 1. ,Yungrais z. 2, Babadagly H. 1 

1. Department of Geological and Environmental Sciences, Ben-Gurion University of the 
Negev, P.O.Box 653, BEERSHEVA 84105 

2. Soreq Nuclear Research Center, NahaI Soreq, YA VNE 81800 
3. Water Commission, 4 Masger Street P.O. Box 20365, TEL-AVIV 61203 
4. Stanford University Stanford University, Department ofGeological and 

Environmental Sciences, STANFORD, CA 94305-2115 USA 

High radioactivity of water originating from naturaly high radium concentrations 
has been discovered in the past years in the Nubian sandstone aquifer (Kurnub group) 
and the Cenomenian carbonate aquifer (Judea group) ofthe Negev and Arava Valley. 
In order to characterize the radioactive phenomenon, over 60 wells were sampled 
from both the Kurnub group and the Judea group aquifers. The groundwater samples 
were analyzed for the major and trace elements combined with measurements of the 
four radium isotopes: 226Ra (t 1/2 =1600 years), 228Ra (t 1/2 =5.75 year), 22~a (t1/2 =3.6 
days) and 223Ra (t1/2 11.44 =days). 

Our results show that natural radioactivity is an important water quality factor of 
groundwater in the two investigated aquifers in the Negev. The activity data of the 
four radium isotopes show that a large number of the pumping wells in the Negev 
exceeds the international drinking water regulations as regulated by the USEP A and 
the European Community (EU). In the Lower Cretaceous Nubian sandstone (Kurnob 
Group) aquifer 26 out ofthe 29 (90%) investigated wells are having radium activity 
above the EU and the EPA regulations. Excluding the activity of the shorted-live 
224Ra isotopes (half life of 3.6 days) the fraction of wells with activity above the EU 
regulation reduces to 79%. In the Upper Cretaceous carbonate (Judea Group) aquifer 
the numbers of wells with activity exceeding the EU and EP A drinking regulations 
are 9 (39%) and 11 (48%) out of 23. In the carbonate aquifer we show that the 226Ra 
isotope is predominant relative to the sandstone aquifer where the groundwater is 
enriched in 228Ra and 224Ra isotopes. We use the radium isotopes to distinguish 
between thorium &high 228Ra/22~a and 22~223Ra ratios) and uranium sources (Iow 
228Ra/226Ra and 2 ~a/223Ra ratios). Since the correlation of radium activity with 
salinity is weak, our results clearly indicate that high activity of radiurn, even low 
saline groundwater, can pose a serious problem for possible water utilization for 
domestic and agriculture (e.g., fish farming) applications. 
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ON THE POTENTIAL IMPACT OF CONVECTION ON EVAPORATION AND 
SUBSEQUENT SAL T PRECIPITATION IN FRACTURED CHALK 

Pillersdorf,M. 1, Weisbrod,N. 1, Dragila,M.2 

1. Department ofEnvironmental Hydrology & Microbiology, Zuckerberg Institute for 
Water Research, Jacob Blaustein Institutes for Desert Research, Ben-Gurion University 
ofthe Negev 

2. Department of Crop and Soil Sciences, Oregon State University, CORV ALLIS, OR, USA 

Diffusive fluxes limit the potential amount of evaporation fi'om surface-exposed 
fi'actures and other discontinuities crossing the land surface. However, if density 
differences between the air above a fi'acture and the moist air within the fi'acture voids 
exist, convective flux might develop. If so, evaporation could increase by up to 
several orders of magnitude, depending on temperature differences and the size of the 
aperture. Theoretical calculations suggest that under typical desert conditions 
convection is likely to occur during the night while diffusion is likely to control 
evaporation fi'om fi'actures during the day. Field experiments carried out in the Negev 
desert of Israel showed that the level of salts accumulated within a fi'acture over six 
months is much higher than could be explained by diffusion alone. This further 
supports the existence of additional mechanisms that enhance evaporation. The major 
objective of this work is to explore experimentally the existence of convective 
conditions in natural fi'actures in the field. A surface-exposed fi'acture in Eocene 
chalk in the Negev desert was instrumented to achieve constant monitoring of 
temperature and relative humidity within the 120 cm deep fi'acture. These parameters 
were also measured 20 cm above the land surface, just above the fracture surface. To 
explore the potential for convective flux of moist air in larger discontinuities (e.g., 
karst systems), a large diameter uncased borehole, 55 m in depth, was also 
instrumented with thermocouples and relative humidity probes. Preliminary results 
indicate that: (1) convective conditions exist, at least in the upper part of a fi'acture, 
fi'om early evening to late moming (the existence of convection cells deeper in the 
fi'acture is still not certain); and (2) convective conditions prevail for almost 24 hours 
a day (excluding at noon for a short period) in the large borehole. These field 
measurements suggest that large amounts of salt could accumulate within surface­
exposed fi'actures due to enhanced evaporation controlled by convection. 
Subsequently, these salts could find their way into the groundwater, bypassing the 
thick vadose zone. 
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ORK LOCATION BASED ON TIME DIFFERENCE PICKING wדNE 

Pinsky V. 

The Geophysical Institute of Israel, P. 0 .Box 182 LOD 7 II 00 

, A new bulletin based procedure is developed for absolute location of single events 
which generally doesn't require any velocity or travel time model or preliminary 

,) ground truth information. Location is based on travel time differences (TTD 
calculated for the pairs of stations under assumption of constant apparent velocity 
between them. This assumption can be considered usually valid for the pairs of 

ays and almost equidistant חstations belonging compact dense sub-networks, small a 
ivals. Solution is obtained via grid-search in the parameter space of חteleseismic a 

ival חaepicenter coordinates and apparent velocity by comparison of the observed 
time differences and calculated TTD using exponential bell-shape measure of 
coincidence. The method was verified and showed high efficiency using bulletin first 

. amvals data for a set of accurately located events 
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O זION זHEIR RELA זRAL NEGEV AND זHE CEN זERRACES IN זRIVER 
IONS זUA זIC FLUC זGLOBAL CLIMA 

Plakht J. 1, Zilberman E. 2 

1. Ramon Science Center, Ben-Gurion University ofthe Negev, MIZPE RAMON 80600 
2. Geological Survey ofIsrael, 30 Malkhe Israel st." JERUSALEM 95501 

Climatic changes during most of the Pleistocene are the major factor that 
. determined the altemating processes of erosion and accumulation in the Negev desert 

An extremely arid climate, manifested by a hot desert landscape, prevailed during the 
Holocene when erosion completely predominated. Though several phases of 

and V); the degree of aridization שaccumulation coincide with arid periods (terraces 
was not as severe as during the Holocene and steppe and desert elements equally 
comprised the vegetation cover. Formation ofterraces II, IV, VI and the deposition of 
loess units occurred during a relatively humid, semiarid climate with an annual 
precipitation above 200 mm. These periods were characterized by steppe landscapes 
and the formation of calcic paleosols on the terrace surfaces. Thus, accumulation 
occurred both during relatively humid semiarid periods and, probably, in the 
transition stages between semiarid and extremely arid climates. More humid periods 
were characterized by the deposition of large amounts of loess, whereas during more 
arid periods the accumulation of mainly coarse alluvium occurred. Periods of 

. intensive erosion coincide with extremely arid conditions 
The major climatic fluctuations in southem Israel are related to the global climatic 

changes. The geomorphologic processes during both glacial and interglacial periods 
. developed in the Mediterranean and central and southem Europe synchronously 

Glacials and stadials were characterized by cool to cold climate; steppe landscapes 
were widespread over a vast territory, and accumulative processes predominated in 
the valleys. During interstadials and interglacials tree cover in Europe increased 
following the increasing of mean annual temperatures and rainfalls, whereas desert 
landscapes prevailed in the eastem Mediterranean because of decreasing annual 
precipitation and the change in of their regime. These quite different tendencies in the 
climate-related landscape formation had the same morphological effect: erosion ofthe 

. valley floor 
However, the main factors that controlled these processes are quite different. During 

, glacial periods periglacial areas of Europe were under drier and cooler climates 
characterized mainly by winter storms. Under such conditions winter runoff from 
slopes increased, the amount of sediment delivered to the streams exceeded their 
transporting capacity, which induced active filling of the valley floors. In the eastem 
Mediterranean the climate was dominated by many storms that delivered enormous 
amounts of dust from North Africa. Mild rain events COUPled with extensive loess 
cover resulted in the decrease in runoff and increase in sediment supply. This 
combination further resulted in gradual accumulation of alluvial sediments in the 
stream valleys, and formation of extensive floodplains. Under such "quiet" regimes of 
precipitation the rich steppe vegetation serves as a dust trap and protects sediments 

. from erosion 
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CHECK Road סAD TUNNEL IN KURKAR RIDGE-PARAMETERS T סR 

Polishook Zali b. 

D.U.Y.Y. Tunnels, Hahorsha 17 st. RA'ANANA 43613 

A shallow road tunnel was planed to cross the Kurkar ridge in Hertzelia 
municipality. The tunnel purpose was to supply a transportation solution to the 
Hertzelia municipality by connecting the east to the west side ofthe city. 

According to the plan, the tunnel cross section was a 10 meter diameter circle. The 
tunnellength was 570 meter. The tunnel slope was approximately 60/0 ftom the portals 
to the tunnel center. The rock thickness above the tunnel changed ftom 6 to 32 meters 
due to topography and tunnel path. The path of the tunnel was right under or very 
close to residential flats and private houses. 
Lithology, the Kurkar ridge is built of 40%-60% Quartz grains, 1 % of heavy 

minerals, 2% of clay and the rest are bioclastics carbonate formed by crashed shells 
and skeletal ftagments. Grain cement was made by Calcium which fills the space 
between the grains ununiformly. The rock strength and density are determined by 
amount of carbonate cement. Morphology, the Kurkar is built of laminas, which are 
hard compact to porous. There are uncement sand pockets between the laminas. 
The use of ordinary tunneling methods to classify the rock mass is not possible at the 

Kurkar ridge. Practically, the Kurkar rock mass can not obtain self-support. 
The tunnel probability Parameters are: 
1. Soil settlement at the tunnel construction period. 
2. Vibrations ofthe rock mass at the construction and operation period. 
3. Noise at the construction period and mainly at the operation period. 
4. Air pollution at the operation period. 
Soil settlement above the tunnel is a widespread effect when the settlement profile, 

the amount of vertical settlement and the settlement area, depend on the soil type, 
tunnel depths, tunnel span, ground lost and tunneling method. 

Settlement profile was calculated empirically according Peck (1969). The 
calculations show that the maximal settlement on the surface above the tunnel is 5.4 
to 20.8 cm. The horizontal distance ftom the tunnel axis in which the settlement will 
be present is between 18 to 65 meters. 

Such a soil settlement will dangerous the residential flats and even the private 
houses. 
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AUTOMATIC INTERPRETER OF SEISMIC TELEMETRY 

Polozov A., Pinsky V., Hofstetter A. 

Department ofGeophysics and Planetary Sciences, P.O.Box 39040, Tel Aviv University, 
RAMA T A vrv, TEL-A VIV 69978 

New Automated Interpreter of Seismic Te1emetry (AIST) software for genera1 
network and array data ana1ysis and bu11etin production is now deve10ping in the 
Geophysica1 Institute of Israe1 (GII). This JAV A based (a11 p1atform app1icab1e) user 
ftiend1y program comprises reading of seismic data in various formats, flexib1e 
waveform and geographica1 visua1ization in different sca1es; interactive and automatic 
picking P, S and other phases; source 10ca1ization in 1oca1, regiona1 and te1eseismic 

; sca1es using seismic network and array, 1inear and non-1inear optimization a1gorithms 
. magnitude and moment estimation, source type discrimination and other parameters 

The program is supp1ied by a variety of standard too1s for the sing1e and mu1tip1e 
seismogram traces ana1ysis: band path fi1tering, spectral, cepstra1, corre1ation ana1ysis 
and severa1 new a1gorithms, deve10ped in Gn, such as AUTOLOC and BULLOC 

. procedures, based on non-1inear grid search optimization 
The automatic 1ocation function of AIST is based on the AUTOLOC code rea1izing 

automatic picking P and S wave's first arriva1s with further app1ication of the be11-
shaped weighting functions and the grid search maximization. This origina1 program 
is now working on-1ine as a part ofthe Ear1y Warning Automatic System estab1ished 
in the Seismo10gica1 Department of the GII and sending on-1ine the trigger and 

. 1ocation messages to the European Mediterranean Seismo1ogica1 Center, France 
st arrival differences and non-1inear rוThe new BULLOC procedure is based on P f 

optimization of the simp1e partia11y constant ve10city mode1 va1id for the tight arrays 
. of stations 
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A THICK LATE PLEISTOCENE TO HOLOCENE FLUVIAL SEQUENCE 
BURIED UNDER THE ACTIVE CHANNEL OF NAHAL ZIN 

Porat N. 1, Avni.,y.1,2, Eyal A 3., Bar-David N. 3 

1. Geological 8urvey ofIsrael, 30 Malkhe Israel 8t., JERU8ALEM 95501 
2. Ramon 8cience Center,Ben-Gurion University ofthe Negev, MIZPE RAMON 80600 
3. Rotem Amfert Negev 

A pit dug by Rotem Amfert Negev in the active channel ofNahal Zin south ofHar 
Zin, aimed at exposing phosphate beds, revealed 25 m of coarse gravels and fluvial 
sands ofthe Nahal Zin alluvial fill. At this location the active channel ofNahal Zin is 
200-300 m wide. 

Four samples for luminescence dating were collected ftom the section. A sandy lens 
a few meters above the base is -70 ka, the middle was dated to -55 ka and a sandy 
bed 2 m below the top is -10 ka. This time ftame covers the entire glacial interval and 
part of the late Pleistocene interglacial phase. The luminescence ages indicate that 
during the last glacial phase, the depositional environment in the intermediate 
segment of the Zin Valley (Biqeat Zin) was aggradational. The unconformable 
position of the alluvium directly on top of a phosphate bed hints that at the end of the 
last interglacial phase the bedrock along Biqeat Zin was widely exposed. The present 
active channel ofNahal Zin is currently incising into this alluvial fill, however most 
of it is still preserved. 

At the Zin headwater near Mizpe Ramon accumulation started also at around 70 ka 
and was roughly continuous until - 25 ka. Then erosion started, and it intensified 
during the late Pleistocene to Holocene post glacial phase. The present channels there 
incise into the 4-5 m section, forming several erosive terraces and exposing the 
bedrock along part of the upper valleys. 

In the Makhteshim, which are part of the Nahal Zin drainage basin, two Late 
Pleistocene terraces were found by Plakht (2003): a 9-11m terrace dated by 
thermoluminescence to 66-54 ka, and a 5-6 m terrace dated to 36-33 ka. It appears 
that there deposition was interrupted by an erosional phase between 50-40 ka. 
The variations between the timing and rates of accumulation and erosion between 
different segments of the same drainage basin indicate that the geomorphic response 
to climatic changes is highly dependant on the location of each segment along the 
drainage basin. At the time that erosion was initiated in the upper segments ofNahal 
Zin, accumulation continued in the intermediate segment ofBiqeat Zin until well into 
the Holocene. Differences in the geomorphic response exist even between upper 
segments of the same drainage basin with different lithologies, as exemplified by the 
differences between the Makhteshim and the headwater near Mizpe Ramon. 
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GEOMORPHOLOGICAL EVIDENCES FOR NEOTECTONICS IN THE 
NAHAL RAHAM ALLUVIAL FAN-SOUTHERN ARAVA- DEAD SEA 
TRANSFORM 

Porat N. 1, Rapaport a. 2, Amit R. 1, Zilberman E. 1, Eyal Y. 2 

1. Geologicl Survey ofIsrael, 30 Malkhe Israel St." JERUSALEM 95501 
2. Department ofGeological and Environmental Sciences, Ben-Gurion University of 

the Negev, P.O.Box 653 BEERSHEVA 84105 

The alluvial fan of Nahal Raham is located on a structural high, separating the 
Yotvata basin in the north ffom the Avrona basin in the south. In this area several 
faults meet: 1. the Thamad fault, a right lateral fault generally trending west - east, 
perpendicular to the Dead Sea Transform (DST) fault zone, changes here its strike to 
NE; 2. The westem normal fault system ofthe DST striking north - south; and 3. The 
Avrona fault - one ofthe DST left lateral segments, trending north - northeast. 
In order to determine the relationship between the structure of the Raham a1luvial fan 
and the regional tectonic elements we mapped the a1luvial surfaces of the fan, 
analyzed the alluvial fan sedimentary sequence and determined the paleoseismology 
of a NNE trending graben crossing the alluvial fan. 
The mapping reveals that during the upper Pleistocene and the Holocene the location 

of the a1luvial fan was the same in relation to the Yotvata and Avrona basins. 
However, detailed surface mapping shows a complex history of erosion and burial 
phases. The sedimentary sequence of the fan shows evidence of at least three phases 
of abandonment followed by soil development (paleosols). The ages of these 
paleosols, which represent the abandonment of the surface, are: 88 ka; 54 ka and 20 
ka. We found that the northem - central part of the alluvial fan which is buried by 
eolian sand as a result of a tectonic elevation indicates ending of fluvially activity. 
The last elevation phase occurred about 5 ka ago. The paleoseismological analysis of 
the graben reveals that at least four earthquakes occurred during the upper 
Pleistocene and the Holocene at: 20 ka; 13 ka; 9.5 ka and one event in between the 
last two. The displacement for one event ranges between 30 to 50 cm in the Holocene, 
and 180 to 200 cm in the Pleistocene. The total amount of displacement a10ng one of 
the graben's faults is between 2.2 and 2.8 m. 
To summarize, the development of the Raham alluvial fan resulted ffom a 

combination of several young tectonic processes related to its location on a structural 
high, its location relative to the regional and local fault systems, and the degree of the 
tectonic activity of these faults. In addition, erosion and deposition processes related 
to climatic fluctuations may also have affected it. 
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WATER QUALITY STRATIFICATION IN THE SATURATED ZONE OF THE 
ISRAELI COASTAL AQUIFER 

Raanan H1, Vengosh A1, Maloszewski p2, Seiler K.p2 

1. Department of Geological and Environmental Sciences, Ben-Gurion University of the 
Negev, P.O.Box 653, BEER SHEVA 84105 

2. GSF-National Research Center, D-85758 NEUHERBERG, GERMANY 

Stratification of water layers in the upper part of the saturated zone in unconfined 
aquifers have been reconstructed by environmental isotope tracers in combination 
with traditional hydrogeology, hydrochemistry, and numerical modeling. In particular 
the relationship between modern and old recharged waters was evaluated. Numerical 
modelling and field studies conducted in Germany and Venezuela have demonstrated 
that more than 85 % of the groundwater recharge is turned over in aquifers close to 
the water table (i.e., active recharge zone) and less than 15 % reaches greater depths 
(passive recharge zone or deep groundwater). Here we investigate the water quality 

ne of the coastal aquifer of Israel. We use pumping סzstratification in the saturated 
wells with different screen depths to provide access for multiple depth analysis of the 
aquifer along several cross-sections perpendicular to the coast line. Statistical 
comparison of historical data shows the "shallow" wells became saline during an 
earlier stage of the salinization process than did the "deep" ones. Tritium data of deep 
wells (top end screen deeper than 75m below sea level) show low values «O.9TU). In 
contrast, shallow wells (upper than 30m) reveal higher tritium levels (>3.0TU). A 
transition zone was identified at a depth range of 30-75m, showing a wider tritium 
range (0-4.2TU). Our data suggest water layering of different ages in the upper part of 

. ne in spite of lack of physical separation by low-conductivity layers סzthe saturated 
" We also observed that ch10ride and nitrate concentrations are lower at the "deer. 
 wells, though for nitrate the variability is high. Stable isotopes show a·narrow dו 0

and d2H range for the "deep" wells, while the "medium" ones show a wider variety 
. with a slope lower than MWL 
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COMBINED SEISMIC-GRAVITY GEOPHYSICAL INTERPRETATION AND 
ITS RELATION TO BOREHOLE DATA: A CASE HISTORY FROM THE EIN 
GEDIAREA 

Reznikov M.1 , Ataev G. 1 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

The project was initiated in order to interpret a gravity data set in the Ein Gedi area, 
integrate it with new, high resolution, 2D seismic lines and place the overall 

. interpretation in an exploration context 
After reprocessing the high resolution seismic lines it was concluded that a shallow 

complex-faulted, NW trending anticline structure exists in the investigated area. The 
om the זtlocation of this structure coincides well with a structural high inferred 

gravity analysis. Relative amplitude preserved data processing has resulted in 
detecting an amplitude anomaly, potentially correlated with gas-water contact. This 
seismic amplitude anomaly overlaps a low density zone obtained using the total 

. normalized gravity gradient method 
ed. The Zerach-l well was וfThese interpretation results have been recently veri 

drilled after geophysical data interpretation. Sonic and density logs ftom the well 
were used for elastic modeling and seismic data calibration. A synthetic seismogram 
generated ftom the well logs indicates a waveform contrast and an amplitude 

cation associated with a zone of gas shows reported whilst drilling. This zone וfampli 
is characterized by decreasing density and correlates with a low density zone obtained 

. using the total normalized gravity gradient method 
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GROUNDWATER RECHARGE OF THE COASTAL PLAIN AQUIFER 
UNDER DIFFERENT LAND USES 

Rimon, Y. 1, Dahan, O. 2, Nativ, R. 1 

1. Soil and Water Sciences, The Hebrew University of Jerusalem, P.O. Box 12, 
REHOVOT 76100 

2. Zuckerberg Institute for Water Research (ZIWR), Ben-Gurion University ofthe 
Negev, Sede Boker Campus 84990, SEDE BOKER, 

This research was designed to examine the impact of different land uses on recharge 
rates in the Coastal Plain Aquifer, the most important aquifer in IsraeI. The 
determination of infiltration rates is crucial for proper aquifer management; 
specificaIly, it is essential for (1) estimating the annuaI water volumes available for 
pumping, and (2) evaluating the migration rate of various contaminants fi"om Iand 
surface into the water table. 

The study is being carried out in the city of Ashdod, where urbanization of the sand 
dunes has probably been the fastest in Israel. Infiltration rates under different urban 
land uses are being compared to those beneath nearby cultivated areas and the 
undeveloped sand dunes. Infiltration rate has been estimated at five sites, using a 
noveI methodology based on time domain reflectometry (TDR). TDR sensors are 
instaIled in sIanted boreholes, drilled throughout the entire unsaturated zone, and 
provide reaI-time, online information on temporaI variations of water content at 
various depths. 

The preliminary results shed Iight on the infiltration process and provide information 
about questions such as: (1) the amount ofrain needed to activate percolation, (2) the 
impact of clay Iayers in moderating the percolation rates, (3) the traveI time of an 
infiltration puIse across the entire vadose zone, (4) the possibility of distinguishing 
infiltration pulses fi"om individual events at various depths, and (5) the impact (if any) 
of a single rain event on water-Ievel fluctuations. 
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IDENTIFICATION OF THE ORIGIN OF NITRATE POLLUTION IN THE 
COASTAL AQUIFER BY ISOTOPIC TRACERS 

Roded, D.1, Vengosh, A. 1 , Mayer, B.2 

1. Department ofGeological and Environmental Sciences, Ben-Gurion University ofthe 
Negev, P.O.Box 653, BEERSHEVA 84105 

2. Department ofGeo10gy & Geophysics, University ofCa1gary, 
2500 University Drive NW, CALGARY, ALBERT A. CANADA T2N lN4 

This study aims to identify the origin of nitrate contamination in the coasta1 aquifer 
om the חofIsrae1. The study is based on systematic samp1ing ofpo11uted groundwater 

major nitrate p1umes in the coasta1 aquifer and measurement of the nitrogen, oxygen 
. in nitrate mo1ecu1e, boron, and tritium isotopes coup1ed with chemical ana1yses 

; Overa11, the chemica1 and isotopic data suggests two paral1e1 contamination process 
sa1inization derived from natural sa1ine groundwater superimposed with 
anthropogenic nitrate po11ution. In some cases, however, the isotopic data suggests 

.) om direct anthropogenic sources (e.g., Migda1 area חthat the sa1inity is a1so derived 
The isotopic composition of nitrogen and oxygen (dI5N< 8%0, dI80<12%o) indicate 

om חom nitrogen decomposition חthat that most of the nitrate po11ution is derived 
organic materia1 in the soi1. This phenomenon is observed main1y in the northern part 

om the חof the aquifer, and reflects a 10ng-term process of nitrogen re1easing 
unsaturated zone to the aquifer' s saturated zone. These resu1ts confirm previous 
eva1uation that suggested that the nitrate po11ution is re1ated to agricu1ture 
deve10pment and the virgin soi1 ti11ing since the thirties ofthe 20tb century. This study 
revea1s, however, that a 1arge number ofpo11uted groundwater sites, particu1ar1y in the 

va1ues (> 8%0), reflecting ~ southern part of the aquifer, are having high dl 
contamination from sewage andlor anima1 waste effiuents. In Ashqe10n area 

are ~ Groundwater samp1es with an anthropogenic nitrogen signature (high dl 
associated with high tritium contents, inferring that the anthropogenic nitrate po11ution 
is younger (recharge during the 1960's) re1ative to the natura1 nitrate po11ution. In 
addition, we found a geographica1 pattern in the groundwater's age; groundwater with 

va1ues in the northern part re1ative to groundwater with high ~ 10w tritium and 10w dl 
. va1ues in the southern part ofthe aquifer ~ tritium (6-16 TU) and high dl 

Our data show that the massive nitrate po11ution in the Gaza Strip is associated with 
. va1ues indicating that sewage effiuent is the major source ofthe po11ution ~ high dl 

~ In Migda1 area we found that the nitrate contamination is associated with high dl 
8%0) and 10w d11B (-10%0), suggesting that domestic sewage is the major source of >( 

the po11ution. The combined use of isotopic tracers is shown to be a very powerfu1 
. too1 in investigating groundwater contamination 
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FLOW AND DISSOLUTION OF THE MESSINIAN SALT AT THE DISTAL 
CONTINENTAL SLOPE OF THE LEVANT 

Ryan,W. 1, Mart,y.2 

1. Lamont-Doherty Earth Observatory ofCo1umbia University, PALISADES NY, USA 
2. Recanati Institute for Marine Studies, University ofHaifa , HAIF A 31905 

Extensive slumps overlie enigmatic structures ofMessinian evaporites at the base of 
the continental slope of the Levant. These structures, commonly known as "The 
Pelusian Structures," had been attributed to some ingenious tectonic models, such as 
transcontinental megashear or incipient subduction. The Pelusian structures affect the 
Messinian evaporites and the overlying Plio-Quaternary sequence along -20 km wide 
band that stretches along the distal continental slope of Israel and Lebanon. The 
deformation in the two sequences is not uniform, in the Plio-Quaternary series it 

cation is readily וfcomprises tilted blocks and detachment faults, where the strati 
discerned, while the deformation in the Messinian series occurs in the pinching-out 

, zone, and displays a very rough sector of uneven surface and numerous diffiactions 
. where the regularity ofboth reflectors M and N is drastically disrupted 

We suggest that while the initial deposition of the Messinian evaporitic sequence 
was rather regular and nearly horizontal, post-depositional subsidence tilted the 
Levant basin slightly to the NW. The tilt caused the salt to flow, as indicated by the 
small reverse faults in the basin, and consequently to withdraw from the edge of the 
Messinian hypersaline basin, where reflectors M and N merge. Indeed eastwards 
dipping reverse faults that affect only reflector M and the Plio-Quaternary series were 

, discerned in the Levant basin, more than 50 km west of the Pelusian structures 
suggesting westward flow of the evaporitic sequence. The withdrawal of the edge of 

-the evaporite sequence caused geotechnical faulting and slumping in the Plio 
Quaternary series, which, in turn, enabled flow of water that partly dissolved the 
evaporites and enhanced the slumping further. The Pelusian structures were traced off 

, Lebanon and Israel, but seem not to cross the continental margin of northern Sinai 
. and thus seem not to underlie the extinct Pelusian arm of the Nile Delta 

The Pelusian structures are not the only type of slumps along the Levant margin, and 
, the large Palmahim slump, which, like the Dor slump, transects the Israeli margin 
, offsets sinistrally the Pelusian structures. It seems that unlike the Pelusian structures 

. the Pa1mahim slump is constrained by a series ofNW-trending faults 
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SINKHOLE HAZARD ASSESSMENT USING THE GRAVITY AND 
MAGNETIC SIGNATURES OF THE SAELLOW SUBSURFACE MASS 
DEFICIENCY 

Rybakov M. 1, Shirman B. 2 

1. Geophysica1 Institute ofIsrae1, P.O.Box 182 LOD 71100 
2. 8urvey of Israe1, 1, Linco1n 8t., TEL-A VIV 65220 

Problems associated with sinkhole development are causing serious concerns in 
1and-use planning in the Dead 8ea area. We studied the resolving power of gravity 
and magnetic surveys for the assessment of sinkhole hazard. Microgravity surveying 
has been used worldwide to detect karst caves in the dense carbonate rocks. However, 
the Dead Sea sinkholes are developing very rapidly in the young, thick, low-density 
sediments that fill the Dead Sea graben. The gravity effect of the entire graben 
reaches -130mGal with a horizontal gravity gradient up to 10mGal/km. To the best of 
our knowledge a micromagnetic surveying has never been used to delineate 
subsurface cavities. 

Assuming that the collapse is caused by large voids in the shallow (a few tens of 
meters) depth, we defined our survey designs by 3-D gravity and magnetic forward 
modeling. A density contrast of such a target ranges from 0.9 to 2.0 gr/c3 and 
numerous magnetic susceptibility measurements suggested an average magnetic 
contrast of 3 * 1 0-4 SI. The modeling showed that high resolution detailed gravity and 
magnetic surveys can reliably delineate the voids located at the shallow depth. The 
magnetic dipole anomaly with its positive part located north of the negative part is 
typical of anomalies of a concealed void. 

We have been studying the feasibility of methods mapping the sites with sinkholes 
occurring in alluvial fans and mud flats along the Dead Sea shore since 1999. About 
20 thousand gravity stations were measured at eleven sites and micromagnetic 
measurements were taken at five sites. 
The results suggest: 
- The microgravity and micromagnetic data indicate a subsurface mass deficit 
beneath some of the areas where open sinkholes are observed, suggesting that a mass 
deficit is presented and additional sinkhole development can be expected. Indeed, new 
sinkholes opened up at several anomalous locations. 
- Moreover, the absence ofnegative residual gravity anomalies and typical magnetic 
dipole anomalies at the sites with open and/or filled sinkholes, suggests that the 
subsurface mass deficit was recently compensated and these sinkholes are not 
presently developing. 

The methods can be an effective tool for monitoring the subsurface mass 
redistribution that may signal impending collapse. 
- The elongated anomalies observed in several sites indicate that most collapse is 
related to tectonic lineaments. 

The possible wavelength and magnitude of the effects of structural variations could 
be similar to concealed hollows. This means that the microgravity and micromagnetic 
surveys should be accompanied by a seismic refTaction study. 
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We present the high-resolution (scale 1:100,000) magnetic maps (the total field, 
their derivatives and detailed maps ofseverallocations) ofthe southern, 120-km-long, 
section of the Dead Sea Transform. A high-resolution magnetic (HRAM) survey was 
carried out in October 2003 aboard a Jordanian helicopter flying at an altitude of 
100m. The survey was part of a US-AID Middle Eastern Regional Cooperation 
project between Jordanian, Israeli, Palestinian and American scientists. Data were 
collected along rift-perpendicular lines spaced 300m apart, requiring frequent 
crossings between Israeli and Jordanian air spaces. The raw HRAM data (about half a 
million readings) were processed and incorporated into a GIS. Comparison between 
the HRAM and the land magnetic surveys along the selected profiles confirmed the 
high quality of the aeromagnetic data. The high quality allowed compilation of the 
magnetic anomaly maps with a contour interval of 5nT .Moreover, anomalies with 
magnitudes of only a few nanoTesla can be reliably delineated along the flight lines, 
providing an unprecedented detailed insight to the tectonic pattern of the shallow 
subsurface. 

The main findings of the HRAM survey are the absence of magnetic anomalies 
crossing the entire rift valley and the presence of a rift-parallel regional lineament 
corresponding to the active trace of the Dead Sea Transform. The lineament extends 
NNE as an almost continuous trace from Elat to the eastern side of the Araval Araba 
valley 5 km north ofRahmeh, Jordan. Another fault trace, located 2-3 km to the west, 
may overlap and continue NNE through Gebel A-Risha, and into the central Arava, 
where it is visible on the surface. Alternatively, the two traces may be connected. 
Traces of buried faults in the Arava are visible as abrupt terminations of short 
wavelength magnetic anomalies. Such anomalies are observed east of the Paran 
village and north of the city of Elat, suggesting shallow magmatic bedrock at these 
locations. The largest magnetic high (east ofthe Yahel village) is probably related to 
the concealed western part of Precambrian Qunai diorite massif. The eastern 
(Jordanian) part of this massif, shifted 105km north, presently outcrops east of the 
main road close to the Lot monastery. 

Comparison between the HRAM and the sparser land-gravity data shows the same 
general azimuth of the magnetic and gravity lineaments associated with the 
segmented transform system and a surprisingly good coincidence between gravity and 
magnetic anomalies over the Timna pull-apart basin. 
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Last year we reported on the Niklas - a hitherto unknown deep magmatic massif in 
the eastern Mediterranean as suggested based on the gravity, magnetic and seismic 
refTaction data in the area southwest of Cyprus and west of Eratosthenes Seamount. 
The geophysical signature of the Niklas is typical for the ophiolite massifs around the 

world and for the Troodos, Hatay, and Antalya massifs in particular. Based on this 
similarity, the Niklas was assumed as being composed of dense and magnetic 
ophiolites. This large (-100*75km) deep-seated (-7km) thick (-7km) massif is 
located south ofthe Cyprian arc. North ofthe arc up to southern coast ofTurkey, the 
gravity and magnetic maps show a number of objects with the same pattern of the 
potential fields. This can be interpreted as an expression of the ophiolite bodies 
beneath the Mediterranean bottom. 

In the present work we extrapolated the tectonic style observed in southeastern 
Turkey (Eastern Taurus) and northwestern Syria (Baer-Bassit and Hatay) to the study 
area. In the Cyprus-Niklas-Eratosthenes area as well as in southeastern Turkey, we 
propose a combination of the Upper Cretaceous large low-angle thrusts, high and 
moderate angle, probably Miocene (or Eocene-Miocene) north-dipping reverse faults, 
Miocene-Recent subvertical normal faults and strike-slip faults. Large sheets, 
bounded by large Upper Cretaceous thrusts, were dissected and displaced by younger 
Cenozoic faults. These faults restrict the inclined slices and tectonic blocks. 

First, the collision zone is expressed by the Miocene reverse-faults zone. A 
displacement along the faults is supposedly the main reason for the considerably 
lower hypsometric level ofthe Niklas massifrelative to the Troodos massif. This zone 
reflects the Miocene-Pliocene convergence between Eratosthenes and Cyprus and 
Plio-Pleistocene underthrusting of continentallithosphere beneath Cyprus. 

It is conceivable that in the Niklas area we observe an isolated, southernmost 
tfagment ofthe 'Peri-Arabian ophiolite belt'. In the past this was the southern part of 
the large thrust slab which includes the Troodos massif of Cyprus. In the large scale it 
is possible that this is the southern outpost of the large North-Eastern Mediterranean 
ophiolite allochthon. By this means on the mega-scale, the Niklas area could be 
considered as any outpost in the dynamic system of the Eastern Mediterranean that is 
characterized by association ofthe southward-facing thrusts and left-lateral strike-slip 
faults. This dynamic system possibly developed as a result of anticlockwise rotation 
of the a part of the Eastern Mediterranean. 
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Ubeidiya is a Lower Paleolithic site located in the central Jordan Valley, 3.5 km 
south of Lake Kinneret. The 150 m thick layers of this site occupy a major section 
within the 'Ubeidiya Formation that is limited to the Kinnarot Valley. Systematic 
geological and archaeological excavations (1960-1999) uncovered the site's 
stratigraphy in a series of trenches. The variable layers were deposited in lacustrine 
and fluvial environments. After deposition these layers were tectonically tilted. 
Lithics, cutmarks on the faunal remains and scant paleoanthropological finds attest to 
the presence of early hominids at the site. The 'Ubeidiya lithic assemblage is 
generally similar to that ofOlduvai Upper Bed n (1.6-1.27 ma), Tanzania. 

There are no radiometric ages for 'Ubeidiya Fm. and its age is, therefore, uncertain. 
The formation overlays the Cover Basalt (4.4-5 ma), and possibly also the Erk el 
Ahmar Fm. (1.96-1.78 ma), but without clear field relations, the stratigraphic 
assessment is dubious. The 'Ubeidiya Fm. Is overlain by the Naharayim Fm. (0.8 -
0.6 ma). Therefore, at best, the Ubeidiya Fm. was deposited sometimes between 1.78 
- 1 ma. An estimated age of 1.4 ma was suggested by the late E. Tchemov (1987) on 
the basis of long -range biochronological correlations with Europe. The biogeographic 
location of'Ubeidiya in the Levantine crossroads, and evidence for one ofthe earliest 
presence of hominids "out of Aftica", emphasizes the role of obtaining precise dating 
of the archaeological bearing strata. Therefore, we have conducted detailed and 
systematic paleomagnetic study at 'Ubeidiya. 

Paleomagnetic measurements were carried out at -0.5m intervals. At each point we 
collected two samples for Altemating Field (AF) and usually a third sample for 
therrnal demagnetization. The results ftom the AF samples could not be explained by 
a geomagnetic source, while the thermal demagnetization yielded better results. The 
sediments carry two ferromagnetic minerals: Maghemite, with J.=38mT (Saturation 
Magnetization) and T.= 3000-350°C (Curie Temperature), and Ti-magnetite, with 
J.=48mT and T.= 580°C. These minerals are indistinguishable using AF, but have a 
distinct thermal magnetization. We have identified a R-N-R-N-R polarity sequence in 
the section. According to the bounding ages of deposition, we assign these sediments 
to the Matuyama Reversal (2.58-0.78ma), and propose the two Normal polarity 
readings represent either the Gilsa and Cobb Mt. (1.55 and 1.2 ma, respectively), or 
Cobb Mt. and Jaramillo (1.2 and 0.99 ma, respectively). The current reanalysis ofthe 
faunal remains suggest that biochronological correlations are equally consistent with 
either interpretation. Thus, future paleomagnetic and biochronological research are 
needed in order to decide between the two chronological resolutions. 
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OPEN QUESTIONS IN SEISMIC HAZARD EVALUATION IN THE HAIFA 
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Geological conditions in the Haifa Bay area increase its vulnerability to earthquake 
hazards. Moreover, the area is densely populated and heavily industrialized and 
therefore, in the event of a strong earthquake, the damage may be intensified 
considerably. Yet the present Israeli Building Code 413 does not fully cover all the 
hazard factors the area is exposed to. The structure of the Bay and the intense 
development in it complicates the hazard assessment and may pose dilemmas and 
open questions in determining the actual status ofthe investigated area. Some ofthese 
problems will be discussed here. 
Within the fi"amework of the national steering committee for earthquake readiness, a 

comprehensive survey has currently begun to define and map all the seismic hazards 
in the Bay area. The survey is carried out by the various earth sciences institutes of 
Israel: the Geological Survey, Geophysical Institute, National Building Research 
Institute - Technion, Atomic Energy Committee and the Survey of Israel. The main 
aspects that will be examined are: 

Active faulting: Mapping the Carmel fault and the Zevulun Valley in search of 
paleoseismic records; Evaluation of geodetic data, InSAR and PSINSAR 
measurements for the detection of current deformations. The aim is to define the 
status ofthe potentially active faults according to the Israeli Building Code. 
Amplification of seismic accelerations: Seismic zoning by site effect measurements; 

1-D modeling of the amplification based on empirical measurements and subsurface 
structure; 2-D and 3-D deterministic modeling of the amplification factor caused by 
the basin effect induced by the Qishon graben. 

Slope stability: Qualitative evaluation of the potential of slope failure in the area of 
the Haifa topographic sheet 1:50,000; Stability evaluation ofthe Carmel slopes in the 
Halisa neighborhood; Quantitative estimation of past seismic accelerations fi"om 
existing landslides. 
Liquefaction: Mapping the vulnerable areas according to the geological conditions. 

Tsunami: Evaluation ofthe expected run-up waves and the area likely to be flooded. 
The potential of each of these factors will be presented on vulnerability maps. In 
addition, a map integrating all the hazards will be constructed. The findings will allow 
various users, such as areal planners and engineers, to formulate planning regulations, 
guidelines and instructions necessary to evaluate and mitigate earthquake-related 
hazards. 
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WATER QUALITY OF SPRING DISCHARGE AND BOREHOLE 
EXTRACTION IN THE SOUTHERN WEST BANK 
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This paper presents chemical and biological analyses of water samples taken from 
more than 60 springs and 20 deep boreholes over the period 1998-2004. The aim of 
this research is to determine the suitability of the uses to which the water is put. All 
springs sampled are contaminated with coliform bacteria, most with colonies so 
prolific that they are too numerous to count. The analysed samples from springs in the 
southern West Bank, showed highest concentration ofN03 in those collected at the 
end of the dry season Nitrate values were particularly high in samples taken from 
some agricultural springs, probably due to an over application of fertilizer. About 5% 
ofthe samples are of doubtful water type, according to Todd (1980) with respect to 
their soluble sodium percentage (SSP), 55% of the springs sampled are classified as 
having good water the remaining 40% are classified as excellent. Lack of water from 
springs in villages dependent on them for drinking water also reduced the quality of 
the drinking water. This presented a serious health hazard, especially for the children. 
Significant incidence of amoebic dysentery among both children and adults were 
reported in most ofthe villages in this study. Treated wastewater could alleviate some 
ofthe water stress. The larger towns, in particular, the city ofHebron has an industrial 
base with huge demands on this diminishing resource, but, at the same time, produces 
a considerable amount of wastewater. This potential resource was lost. The tanning, 
dyeing, glass and ceramic industries were the main polluters but claimed that removal 
of hazardous waste material from the water was too expensive. Plans for a large 
wastewater treatment plant to the south of Hebron have been impossible of 
implementation because of the volatile situation from autumn 2000. 
The results of analyses of the water samples taken from boreholes in the Southern 

West Bank show that, from the biological and chemical aspects, the water is of good 
drinking quality. However, a few of the samples do have values that are slightly 
higher than the WHO guidelines. Thirteen samples exceed the calcium limit, two 
exceed the HC03 limit and six exceed the P04 limit. The biological evaluation 
revealed some faecal coliform in four samples taken during the period of study. All 
the samples are within the acceptable limits for hardness. According to the 
classification of Sawyer and McCarty (1967), 70.1% of the samples are hard and 
29.1 % of them are very hard. All the samples are of low sodium hazard and medium 
salinity hazard and classified as of excellent water quality with respect of soluble 
sodium percentage (SSP) according to Todd (1980). 
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New well data obtained on the continental shelf of the northem Levant margin 
revealed a unique sedimentary sequence (mid Oligocene-early Miocene), which is 

. absent tfom the stratigraphic record of the entire eastem Mediterranean basin 
les indicates that the sequence was deposited in a וfAnalysis of seismic pro 

morphotectonic basin, "Haifa basin", which evolved along the present-day Carmel 
fault. This basin is interpreted as being part of a larger series of basins, comprising a 
failed rift along the Qishon-Sirhan trend. The Carmel fault would therefore seem to be 

. related to processes occurring several million years earlier than previously thought 
The failed rift evolved in parallel, both spatially and temporally, to the Red Sea-Suez 
rift. The development of a series ofbasins in parallel with a young spreading center is 
a known phenomenon in other regions worldwide; however this is the only known 

. example tfom the eastern Mediterranean region 
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anean חA 3-D layered structure of the Levant and the southeastern Medite 
) 2 ; lithospheric plates has been constructed using data of four interfaces: 1) elevation 

the top of the crystalline basement; 3) the Moho boundary; and 4) the base 
lithosphere. The local and flexure isostatic compensations since the Pliocene were 
calculated by setting up a dataset for the accumulated Pliocene-Recent sediments of 
the Nile cone and infilling of tectonic basins (loading), as well as for the 
contemporary amount of denuded rock units ftom the Arabian, Sinai and African 
continental parts (unloading). Variable density values for the different layers 
according to composition, compaction and temperature were used for these 
calculations. A gravity model for the 3-D lithosphere is compared with the Bouguer 
gravity and the resulting residual map served as an independent constraint for the 3-D 

. structure 
The isostatic modeling demonstrates that most ofthe area studied is balanced (:f:200 

m) only when the compensation level is placed at a depth of about 100 km, which is 
. close to the base ofthe lithosphere, and significantly deeper than the Moho boundary 

This enabled adopting thermal-dependent density variations in the mantle lithosphere 
of :f:0.05 g/cm3. The isostatic compensations, as well as the gravity calculations 
exhibit a similar pattern of anomalies. This provides important support for the newly 

ed single flexure rigidity on the order of חestablished 3-D plate structure that prefe 
) D=1023 Nm and as low as D=1016 Nm rigidity for the Dead Sea Transform (DST 

. plate boundary 
The most prorninent positive anomaly of Lebanon and northern Israel (up to :f:2500 

. m and :f:l00 mGal) clearly indicates intensive uplift ofthis region since the Pliocene 
This uplift was most likely caused by a dynamic push-up mechanism of the DST 
where it changes direction north of the Hula basin along the Yammouneh fault 
segment). The high negative anomalies associated with tectonic basins within the ( 

01) DST «-1000 m) are the results of subsidence within dynamic pull-apart (sort 
basins. The loading of the Nile sedimentary cone yielded concentric oscillatory 
negative and positive anomalies, up to -400 m high, or :f:20 mGal. Such a negative 
anomaly offshore Israel may explain the rapid subsidence of this region in the 
Pliocene; and on the other hand, the positive anomalies of similar order of magnitude 
in central Israel, northern Sinai and Egypt may explain the arching ofthese regions. In 

, the same way most of the vertical movements within the DST and the Gulf of Suez 
, and along their margins, such as the topographic asymmetry across parts ofthe DST 

. might be explained by the sedimentary loading within these tectonic basins 

105 



THE CARMEL STRATIGRAPHY- A NEW OUTLOOK 

Segev A. 1, Sass E. 2 

1. Geological Survey ofIsrael, 30 Malkhe Israel st, JERUSALEM 95501 
2. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 

, Following stratigraphic synthesis in Mount Carmel, new formations were defined 
-and four sedimentary cycles were recognized within the time interval of the Albian 

Turonian. Each of these cycles accumulated under a specific interplay of 
environments, and the boundaries between them mark a sharp change in these 
environments. Cycle 1: Yagur Fm. This cycle accumulated under conditions of 
shallow carbonate platform in most of the Carmel area, which was rimmed by a 
barrier reef in its westem part. This environmental regime is reflected in the 
predominance of dolomites in the sheltered platform, and in limestones in the slope 

, and deeper open sea environments. The Yagur cycle was terminated by emergence 
97.1 Ma) at -וerosion, and renewed subsidence. Cycle 2: includes a volcanic tuff (V 

the base, and the Isfye chalky Fm and Bet Oren limestone in the central Mount 
Carmel. Toward the south, around Zikhron Yaakov, limestone layers, in places 
alternating with dolomites, become predominant. The beginning of this cycle in most 
of Mount CarmeI points to conditions of outer, deeper platform, becoming shallower 

-upwards. This is reflected in the upward transition from pelagic chalks to reefoidal 
, related limestones. Cycle 3: V2 at the base, covered by the Zikhron Fm in the south 

and Arqan Fm in the north. The Arqan Fm (known previously as the Khureibe and 
, Junediya [or Shamir] formations) consists of chalks, commonly with chert nodules 

and Iocally with another volcanic unit (V3 - 96.7 Ma) in the middle part. This 
formation accumulated under conditions of outer platform, sim..ilar to those that 
prevailed in the second cycle. The Zikhron Fm, consisting of dolomites and 
limestones, represents shallow environments, of barrier reef complex and a sheltered 
platform. Cycle 4: contains a wide array of facies, which include various Iimestones 
and dolomites, marls and chalks, and Iocally a volcanic unit (V4 - 95.4 Ma) at the 
base. This cycle, whose age is upper Cenomanian-Turonian, marks the transition into 

, a highly complex set of platform environments, which is controlled by two elements 
a basin and local reefs. The Iatter either fringe the basin or occur haphazardly over the 
platform. As a result, facies changes are abundant, and the existing stratigraphic 

) schemes have merely IocaI significance. The alternative stratigraphic framework is: a 
in places, in particular in south-westem CarmeI, the indivisible stratigraphic 
succession, is ascribed to the Bina Formation; it comprises mainly Iimestones with 
some dolomites, and marls are minor; b) eIsewhere, the Bina Fm is made up of two 
units, the Muhraqa Mbr at the Iower part (consisting of reef-complex limestones and 
dolomites), and an overlying Sumaq Mbr - alternating Iimestones (reef-related and 

.) biomicrites), marIs (previously Dalyya marl), and chalks (previously Ein Hod Chalk 
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THE ACTIVE STRUCTURE OF THE DEAD SEA DEPRESSION- INSIGHTS 
FROM ACCURATE RELATIVE EPICENTER RELOCATION 
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Geophysica1 Institute ofIsrae1, P.O.Box 182 LOD 71100 

Earthquake catalog data from the Dead Sea Depression (DSD) show a diffuse 
. epicenter distribution pattem, with no obvious clustering along distinct fault zones 
, Specifically, ongoing seismicity does not seem to delineate two major, left-stepping 

N-S strike-slip faults along the eastem and westem boundaries of the Dead Sea ~ 
basin. One particular problem in resolving DSD seismicity is the heterogeneity of 
upper crustal lithological structure across it, making source-receiver ray paths for 
sources within the DSD highly heterogeneous. A single lD velocity model, as used 
for routine epicenter determinations, cannot realistically represent the crustal velocity 

~ structure 
In order to overcome this difficulty and better resolve the DSD hypocenter 

distribution pattem, an accurate double-difference relative location algorithm was 
ed between 1984 and 2005. In חapplied to 171 selected DSD earthquakes ofthat occu 

this approach, distances between hypocentral pairs are iteratively adjusted by 
minimizing the residuals between observed and calculated travel-time differences for 
each pair of earthquakes at common stations. These results in cancellation of common 

. errors related to the source-receiver path 
Preliminary results for the DSD show an epicenter distribution pattem that is more 

clustered than suggested by catalog data. Particular earthquake clusters occur in the 
north-westem Dead Sea basin, along the Lynch fault, east ofthe Lisan peninsula and 
in the northeastem Arava. Ongoing seismicity does not align along the margins ofthe 
DSD, and most earthquake mechanisms indicate faulting along NW and NE oriented 

. planes 
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Continental transform plate boundaries are typically either localized along a single, 
usually segmented major fault, or distributed over a broad deformation zone. In the 
latter, shear is partitioned between major strike slip faults and intervening, often 
rotating, fault systems. Analog and numerical simulations suggest that such internal 
fault systems evolve and may be localized or delocalized depending on strain and 
fault zone strength. We discuss the degree and evolution of shear localization in the 
Jericho Valley section ofthe Dead Sea Transform (DST), where the current breadth of 
the transform valley and its penetrative strain field are difficult to reconcile with 
localized shear. We integrate newly acquired high-resolution reflection data, re­
processed exploration reflection data (both focused to 2.5-3.5km depth), relocated 
earthquake epicenters and fault plane solutions based on P-wave first arrivals, and 
suggest re-interpretations for previously published structural and seismic data in the 
Jericho Valley and the northern Dead Sea basin. It is found that shear in this section 
of the DST evolved 1Tom an early, probably Mio-Pliocene stage of localized strike 
slip motion primarily along the Jericho fault, to a late stage (pliocene-Recent) when 
shear has been distributed over internal fault sets that apparently lean against a major 
eastern DST segment. In the early stage, the Jericho fault formed the western 
boundary of a deep narrow, probably pull-apart basin filled by energetic fluvial 
clastics and by evaporites. This is overlain by the late stage broad basin, characterized 
by low-energy deposition of lacustrine and fluvial sediments. Pliocene rocksalt has 
apparently utilized the Jericho fault zone as a conduit for diapirism, causing the uplift, 
normal faulting and surface deformation ofLate Pleistocene and Holocene sediments 
currently observed along the -15km long Jericho Lineament. Based on the currently 
observed dextral-normal motion across internal NNE-NE trending faults, 
counterclockwise rotation is expected to have occurred within the transform zone. 
These tectonic and depositional changes were likely associated with onset of 
transtension across the DST, related to the previously postulated shift of the 
Africa/ Arabia Euler pole of rotation in the Pliocene. 
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The principal source of water in arid environments around the world is related to 
transmission loss of floodwater in ephemeral streams. Though floodwater is not 
considered a sustainable water source, both natura1 ecosystems and human societies 
exp10it this scarce water source to maintain 1ife. Whi1e natural ecosystems have 
adapted to the natural hydrologic regime, human requires deve10pment of efficient 
scientifica11y-based methods to exp10it the ephemera1 availabi1ity of water. The 
increasing demand for water by urban and agricu1tural communities cha11enges the 
scientific community stakeho1ders and planners to find identify and quantify 
sustainab1e sources of water. F100d water is usually exp10ited through two main 
practices: (1) pumping the 10ca1 a11uvial aquifers that are occasionally and 
inffequent1y replenished by flood water percolating, and (2) damming the stream 
channel to store large vo1umes of flood water for direct use in nearby agricultura1 
fields, or to enhance percolation into the 10cal a11uvial aquifers. 

This study focuses on the critica1 relations between floodwater and recharge 
processes of shallow al1uvial aquifers ffom both natura1 undisturbed ephemeral 
streams and percolation/storage reservoirs. This research is an integrated study that 
simu1taneous1y monitors and analyzes all three hydro10gica1 domains contro11ing the 
recharge process: (1) the flood hydrograph as the water source for the vadose zone, 
(2) the deep vadose cross section response to flood events and (3) the groundwater 
response to the flood hydrograph. 

The study implements a new technique for the installation of Time Domain 
Reflectomtry probes (TDR), to monitor continuously the vadose zone moisture and 
temperature profiles. These probes were installed in specially drilled slanted 
boreholes. Water 1evel and EC sensors were installed in piezometers that were dri11ed 
for this project and in specia1 shelters on the stream channe1. 

Up to date three monitoring stations were constructed in the Arava va1ley, one on 
the Arava stream by Ein Yahav, and two other by the Tzukim reservoir. The flood 
events impact on groundwater recharge was recorded through three main natural 
floods, in December 2003, January 2004, October 2004, and in a contro11ed 
percolation experiments under ponded conditions that was carried out by May 2004. 

Preliminary analysis of the data ffom both contro11ed experiment and natural floods 
shows quick response of the vadose zone and groundwater to the flood event in open 
stream channels. The measured percolation flux rates ranged between -0.03 to -0.2 
m1h, suggesting 20,000 to 120,000 m3 ofrecharging water through each kilometer of 
open stream on an average flood of 12 hours. On the other hand a significant decrees 
in perco1ation rates was observed under the reservoir due to sealing of the reservoir 
bottom by silt. Consequent1y a major portion ofthe water col1ected by the reservoir is 
10st to evaporation and never reach the groundwater. 
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THE INTERNATIONAL SEISMOLOGICAL CENTRE; SERVICE TO 
SEISMOLOGY 

ShapiraA. 

Intemational seismological Centre Pipers Lane, Thatcham, Berkshire, RG19 4NS, UNITED 
KlNGDOM 

The International Seismological Centre is a non-governmental, no-profit making 
organisation, charged with the final collection, analysis and publication of earthquake 
source information ftom all over the world. Earthquake readings are received annually 
ftom almost 3,000 seismograph stations through almost 200 seismological agencies 
representing every part of the globe. The Centre's main task is to re-detennine 
earthquake locations and magnitudes, making use of all available information, search 
for new earthquakes, previously unidentified by individual agencies and distribute this 

. information to the global seismological community 
The International Seismological Centre is widely recognized as the source of the 

most comprehensive reliable listing of global seismicity data. This information is 
, with all of the data (locations מmade available by the ISC by producing an annual C 

magnitudes and phase readings) for earthquakes of each year and by providing 
Internet links ftom the on-line Bulletin to waveforms, regional catalogues, and other 
products required for in-depth studies 
The ISC team, of only 7 people, is integrating the efforts of seismologists who mn 

stations and networks around the world and provide readings of phase arrivals and 
amplitudes. The ISC build on those efforts to locate tens of thousands earthquakes 

. each year with millions of associated readings 
SC bulletin is used in a wide spectrum of seismological research: Global seismic 

, tomography (stmcture ofthe solid Earth), Earthquake hazard assessments, Tectonics 
Physics of the Earthquake phenomenon, Earthquake prediction research among 
others. The ISC Bulletin serves as a reference to helps seismological centres evaluate 
their capabilities to monitor the seismicity in the region of their interest. Examples 
will be presented during the talk, along side with presenting current initiatives lead by 

. the ISC to improve global seismic monitoring 
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CLAY MINERALS AS INDICATORS OF THE PALEOENVIRONMENT AND 
PALOCLIMATE CONDITIONS DURING THE MIDDLE TRIASSIC TO THE 
LOWER ALBIAN, ISRAEL AREA 

Shoval S. 

Geology Group, Department ofNatural Sciences, The Open University ofIsrael, The Dorothy 
de Rothschild Carnpus, 108 Ravutski Street, RAANANA 

The sedimentation along the southeastern Tethyan margin during the Middle Triassic 
to the Lower Albian took place on a wide and shallow shelf platfonn and was 
controlled by marine transgressive and regressive cycles of the Neo-Tethys Ocean 
upon the Arabian Craton. The marine cycles were separated by terrestrial periods. The 
clay minerals within the sediments deposited during these periods are used as 
indicators ofthe paleoenvironment and paleoclimate conditions during these cycles. 
The marine periods: Diagenetic or converted clay minerals in the marine sediments 

should document conditions during the deposition. In the wide shallow sea, the 
temperature and salinity ofthe seawater were probably controlled by the climatic and 
the environment conditions. Interstratified illite!smectite (I/S) is the common clay 
mineral in the marine formations of the Middle Triassic to the Lower Albian periods. 
Converting the precursor smectite to I/S required warm water and higher salinity of 
the sea. It is assumed that such conditions were found on the shallow shelf platform 
along the southeastern Tethyan margin during these periods. By detennining the 
ordering degree of the I/S along the stratigraphic section, such conditions and their 
changes during these periods are specified. For example, higher-ordered I/S in the 
claystone layers, interbedded with gypsum and dolomites of the Triassic Mohila 
Fonnation, reflect their deposition in a salty lagoon environment under warm and arid 
paleoclimate conditions. 
The terrestrial periods: The type of clay minerals in palaeosols and terrestrial 

sediments should document climatic and landscape conditions. Kaolinite is the 
dominant clay mineral in lateritized palaeosols and claystones as well as in Nubian 
sandstones and conglomerates of the Jurassic to the Lower Albian periods. In soils, 
kaolinite is usually formed under warm and humid climate conditions with high 
leaching of parent rocks, accompanied by rich vegetation cover. It is assumed that 
similar climate conditions were found along the coastal plain of the southeastern 
Tethys during these periods. Indeed, mineral assemblage indicative of tropical 
paleoclimatic conditions characterizes the residual soils, laterite and flint-clay, ofthe 
Jurassic Mishhor Fonnation. Erosion of the lateritized soils by the Nubian fluvial 
system probably provided the detrital kaolinite deposited within the terrestrial 
sediments. For example, the kaolin lenses in the Nubian sandstones of the Jurassic 
Inmar Formation and the kaolinite that composed the matrix ofthe Lower Cretaceous 
Arod conglomerate reflect their deposition in local lakes and channels of the Nubian 
fluvial system under warm and humid paleoclimate conditions. 
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USE OF LOWTEMPERATURE SINTERING TECHNOLOGY IN THE 
MANUFACTURE OF DOMESTIC IRON AGE COOKING POTS 

Shoval S. 1, Beck P. 2. 

1. Geology Group, Department ofNatural Sciences, the Open University of 
Israel, The Dorothy de Rothschild Campus, 108 Ravutski Street, 
RAANANA 

2. Institute of Archaeology; Tel-Aviv University, P.O. Box 39040 Ramat Aviv, TEL­
AVIV,69978 

Iron Age ceramic technology used in the manufacture of domestic cooking pots was 
studied. The pottery was excavated at Tel Hadar on the eastem shore of the Sea of 
Galilee. The results demonstrate that the cooking pots were manufactured using 
noncalcareous or slightly-calcareous raw material composed of smectitic 
(montmorillonitic) clay. The raw material came fTom basaltic soil or Terra Rossa soil. 
The firing was at about 750-850°C. 
Cementation of the ceramic body by sintering of the clay usually occurs at firing 

above 900-1000°C. The firing temperature ofthe pots, at about 750-850°C, suggests 
that the cementation to ceramic was obtained by low temperature sintering ofthe clay. 
The use of soil raw material composed of smectitic clay enabled the low temperature 
sintering. The clay from soil is relatively poorly crystallized and rich in natural iron 
oxide, both ofwhich induce earlier sintering. In very fine textured raw material (such 
as clayey soil), the sintering begins earlier than in coarse raw material. Moreover, 
very finely divided ferrous oxide (FeO) in a reduced state may act as flax at 
temperatures between 800 and 900°C. It seems that the high iron oxide content in the 
basaltic soil or in the Terra Rossa soil acts as an efficient flax material, which reduces 
the sintering temperature during the firing. 

A higher quality noncalcareous or slightly-calcareous raw material was necessary for 
the manufacture of cooking pots in order to produce dense ceramic, impermeable and 
stable in cooking directly over fire and able to withstand repeated heating and cooling. 
Ceramic is a poor heat conductor, thus the walls ofthe vessel should be resistant to 
thermal shock, without damage. 
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USE OF LIME TECHNOLOGY IN THE MANUFACTURE OF DOMESTIC 
IRON AGE STORAGE JARS 

Shoval S. 1, Beck P. 2. 

1. Geology Group, Department ofNatural Sciences, the Open University of Israel, 
The Dorothy de Rothschild Campus, 108 Ravutsk:i Street,RAANANA,. 

2. Institute of Archaeology; Tel-Aviv University, P.O. Box 39040 Ramat Aviv TEL­
AVIV,69978 

Iron Age ceramic technology used in the manufacture of a group of storage jars was 
studied. The pottery was excavated at Tel Hadar on the eastem shore of the Sea of 
Galilee. The results demonstrate that the storage jars were manufactured using 
calcareous raw material proceeds ftom alluvium. Firing was at about 650-750°C. The 
potters used calcareous raw material for the preparation of storage jars in order to 
enable low temperature firing. Lime is used as a flux, and vessels prepared ftom this 
clay are sintered at lower temperatures. However, the large amount of calcite in the 
ceramic (39-57%) indicates that instead of sintering the clay, the potters used lime 
technology in order to achieve consolidation of the vessels. Consolidation by 
cementation with calcite required lower firing temperatures than that necessary to 

. complete the sintering ofthe clay 
Firing at about 650-750°C was sufficient for decomposition of the calcite in the 

calcareous material, forming quicklime (CaO). The consolidation of the storage jars 
was achieved by recrystallization of microcrystalline calcite during the recarbonation 

, process. It seems that after the firing, the quicklime picks up moisture ftom the air 
forming calcium hydroxide [Ca(OH)2]. The recarbonated calcite is slowly formed by 

with atmospheric C02. Recarbonated calcite usually H)ב the reaction of the Ca(O 
crystallizes with small crystal size and a low degree of crystallinity. Indeed, in these 
storage jars a micrographic texture of microcrystalline calcite (micrite) with a low 
degree of crystallinity is observed in the fired matrix. From the Neolithic period, lime 
technology was used for cementation of plasters and for preparation of Vaiselle 
Blanche ("Whiteware"), but these vessels were shaped after the firing of the 
carbonate. The Iron Age storage jars were produced ftom calcareous raw material and 
the quicklime was obtained in situ by the firing. It seems that after firing the storage 
jars were carefully stored for a period of time in order to complete the solidification 

. by recrystallization of the recarbonated calcite 
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GEODYNAMIC RADON SIGNALS AND SIGNATURES ALONG THE DEAD 
SEA TRANSFORM (ISRAEL) - RESUL TS FOR 1994-2004 

Steinitz G. 1, Gazit-Yaari N.2, Begin Z. B. 1, Zafrir H.1, Malik U. 1, Balogh B. 1 

1. Geological Survey ofIsrael, 30 Malkhe Israel st., JERUSALEM 95501 
2. Soreq Research Center, Y A VNE 

Radon is being monitored at three arrays of stations located in a 200 km sector 
along the western boundary fault of the Dead Sea Transform (DST). Measurements 
are conducted in the geogas of the unsaturated zone of different rock units -
Precambrian igneous and metamorphic basement rocks, Cretaceous syenite and sub­
recent unconsolidated gravel. Alpha and gamma detectors, placed at depths of 1.5 to 
tens of meters, gather radon and ancillary information at a high time resolution « 1 
hour). Long time series (up to +10 years) display systematic and recurring signatures 
and signals, enabling to discern several variation patterns: 1) Multi-year (MY); 2) 
Seasonal; 3) Multi-day (MD), and 4) Diurnal Radon Signals (DRS). 
Establishing the geodynamic nature of the signatures and signals is based on three 
approaches: 

Negation of atmospheric influence - demonstrating that the variation of the radon in 
geogas is basically unrelated to variations in the local ambient atmospheric 
conditions. This is shown by searching for correlation and fit in the time and 
ftequency domains. 

Analyzing radon signatures in the geological. spatial. time and ftequency domains. 
Systematic relations are observed among signals ftom different stations within an 
array at spatial scales of 0.1 to 20 km. Time series of radon exhibit temporal 
correlation, among stations in the local arrays. Several modes of correlation occur, 
based on the time scale ofthe radon signal- MY, MD, DRS. 
Systematic time-offsets of the signals, confirmed by cross-correlation analysis, are 
observed among stations within an array. In the case of DRS different patterns of 
daily cyclic signals, derived by FFT analysis, are associated with geologic and 
tectonic elements. 

Establishing correlation with geophysical phenomena, and specifically by 
correlation to seismic patterns. Using a 10 year long time series ftom a single 
monitoring site at the NW Dead Sea, statistically significant correlations with 
earthquakes in an associated tectonic segment of the DST is demonstrated 
independently for three different time scales ofvariation - MY, MD, and DRS. 

Such relations imply subsurface geophysical driving processes, influencing the 
release of radon ftom its source rock and/or affecting the advection/conduit system 
transporting the radon from source at depth to the detector. Furthermore, the results 
determine radon as a sensitive proxy of subtle transients in the geodynamic activity in 
the upper crust. This sets radon as a leading tool for investigations in the field of 
geodynamic prediction research. 
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MASS BALANCE CONSTRAINTS ON GYPSUM DEPOSITION IN LAKE 
LISAN 

Torfstein A. 1,2, Katz A. 1, Gavrieli 1.2, Stein M.2 

1. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 
91904 

2. Geological Survey ofIsrael, 30 Malkhe Israel st, JERUSALEM 95501 

The Lisan Fm., deposited by the Late Pleistocene Lake Lisan (-70-14 kyr B.P.), is 
comprised of alternating laminae of aragonite and detritus, massive and laminar 
gypsum layers and clastic units. Typically, the thickness ofthe gypsum layers in the 
lower and middle members ofthe Formation is 10-20 cm. The upper member ofthe 
Lisan Fm. is capped by a thicker, -2m gypsum layer, defined as the Upper Gypsum 

, Unit (UGU).This layer precipitated at the end ofthe Last Glacial Maximum (LGM) 
. at 17 KyrBP 

The formation ofthe gypsum layers is explained by the continuous import ofsulfate 
to the lake by runoff water and its accumulation in the lake water. This process 
continues until gypsum saturation is reached and gypsum starts to precipitate. This 
can occur after several thousand years of continuous sulfate concentration build up or 
due to evaporation and water column overtum. In the former case, minor quantities of 
gypsum sink in a continuous tlux to the lake's anoxic hypolimnion where they are 
susceptible to dissolution. In the latter case, large quantities of gypsum precipitate 
during discrete events and form massive gypsum layers. However, the thickness of 

. these layers is limited 
The amount of gypsum precipitate is constrained by the sulfate concentration in the 

epilimnetic waters and the thickness of the epilimnion. The sulfate concentration is 
limited by the Ca +2 concentration, ionic strength, and gypsum solubility constant 
Ksp). Lake Lisan was -2-3 -fold larger than the Dead Sea and therefore, the ( 

maximum sulfate concentrations in Lake Lisan (assuming 3-fold lower Ca+2 
concentrations) were -1,500-2,900 mgll. This value is equivalent ofup to -20cm of 

. gypsum, depending on the evaporation degree of the water and the gypsum density 
Thus, the deposition ofthe UGU cannot be explained altogether by the accumulation 
of sulfate in the epilimnion, because the maximum mass of dissolved sulfate 

. contained in it is much smaller than that found in the UGU 
Given the unique hydrological-limnological setting of Lake Lisan during the LGM, 

i.e., the lake level high-stand and long term water column stratification, we suggest 
that one or both ofthe following scenarios could explain the deposition ofthe UGU at 
the culmination of the LGM: 1. Sulfate accumulation over a large area of the lake 

. 2 ; during its high stand and its deposition as gypsum in a smaller area at a later stage 

. increase in the sulfate supply to the lake parallel to the deposition of the UGU מA

This concurrent supply might replenish sulfate concentrations and enable ongoing 
. precipitation gypsum. The source ofthis sulfate is not known 
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ABILITY OF זHE S זIES AND זAIN זURAL UNCER זRUC זS 
INUOUS ROCK MASS זILEVERED CLIFFS IN A DISCON זCAN 

, 4 . sesarsky M. 1•2, Hatzor Y. H.1, Yagoda G.1, Leviathan 1.3, Saltzman U ז
. 5 . Sokolowsky M 

1. Department ofGeological and Environmental Sciences, Ben-Gurion University of 
the Negev, P.O.Box 653, BEER SHEVA 84105 

2. Department ofCivil and Environmental Engineering,Technion, IIT, HAIFA 32000 
3. Leviathan Engineers, 8 Zichron Yaakov St., TEL-A VIV 
4. Engineering Geology and Rock Mechanics, 8a Hamelakha St. RAMAT-GAN 
5. Office ofGeotechnical & Foundation Engineering, Administration ofPlanning and 

Engineering, Ministry of Construction & Housing. 

Instability of cantilevered cliffs depends mainly on structural discontinuities that 
transect the cliff and on tensile stresses that develop at the base of the sIope at some 
distance fi"om the toe. The uncertainty associated with modeling of discontinuities is a 
weII known problem in rock sIope engineering. This geometricaI uncertainty is further 
enhanced when the rock mass structure is partially, or fully, concealed by urban 
development, or when the effects of past engineering activities are unknown. Given 
these uncertainties, a rigorous sIope stability analysis should account for unknown 
geometricaI variations in the modeling ofthe rock mass. 

In this paper we present stability analysis of a 34m high over-hanging cliff. The 
rock is transected by closely spaced horizontaI bedding planes and verticaI joints. The 
upper third of the cliff is cantilevered and extrudes more than 11 m beyond the toe of 
the sIope, giving rise to eccentric Ioading at the base of the sIope. Field observations 
suggest that the verticaI joints which transect the entire cliff form "tension cracks" at 
the back of the cliff, but their distance fi"om the face is uncertain. Yet, the nature of 
deformation and mode offailure depend upon the exact Iocation ofthe verticaI tensile 
crack at the back of the sIope. 

The stability of the cliff was studied using the 2-D Discontinuous Deformation 
Analysis (Shi, 1989). DDA forward modeling showed that for the case of a tension 
crack Iess than 5m away from toe, failure by forward rotation wiII ensue. The sIope is 
found to be safe when the distance fi"om the toe to the tension crack is greater than 
5m. This result was aIso confirmed by Finite Element Analysis (STRAP) where the 
entire sIope was modeled as a continuum. 

Based on these findings rock bolt reinforcement wad added to the DDA modeI. 
IndividuaI bolt Iength was adjusted such that the bolts were anchored beyond the 
plane ofthe potentially dangerous tension crack. SeveraI modeIs were analyzed with 
different bolt diameters. It was found that cliff stability was guaranteed with bolt 
diameter Iarger than 2". With such rock bolts the calculated displacements were 
similar to those without a tension crack at the back of the sIope. Thus a known 
qualitative soIution to the rock instability problem can be addresses quantitatively 
using the suggested modeling and analysis scheme. 
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WAS NORTHERN BOUNDARY OF THE SAHARO-ARABIAN DESERT 
STABLE DURING THE MID-LATE QUATERNARY? EVIDENCE FROM 
SPELEOTHEMS IN THE NEGEV DESERT, ISRAEL 

Vaks A. 1•2, Bar-Matthews M.,2 Ayalon A.2, Dayan U.3, Frumkin A. 3, Matthews 
A. 1, Halicz L. 2, Almogi-Labin A.2 

1. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 
2. Geological Survey ofIsrael, 30 Malkhe Israel St., JERUSALEM 95501 
3. Department ofPhysical Geography, Hebrew University ofJERUSALEM, 

JERUSALEM 91905 

The Negev Desert is situated at the boundary between the south-eastem comer of the 
Eastem Mediterranean Sea and the northem border ofSaharo-Arabian Desert. In the northem 
Negev, near the city of Beer-Sheva, average annual rainfall is 200mmly. This value marks the 
transition between the semi -arid -climate to the north and the subtropical arid climate to the 

. south 
The isohyets in northem Israel run fi"om north to south, paral1el to the coastline. More to the 

south the isohyets change abruptly and run to the west, parallel to the coastline of the Sinai 
Peninsula. The rainfall gradient is sharpest in this region despite the absence of significant 
topographic forcing. Along the Mediterranean coast, annual rainfall drops fi"om 600 to 
400mm over 144km distance between Haifa (32°49'N) and Gaza (31°31 'N). To the south of 

-Gaza the annual rainfall drops more sharply, fi"om 300 to 200mm along 25km distance. Back 
trajectories show that the typical Cyprus cyclones are the major contributor of rainfall in 
Israel, and correspond to the majority of long fetch maritime air masses crossing the 
Mediterranean and the Levant region to the west of Israel. As a result, rainfall amount to the 

. north of Be' er-Sheva is much higher than to the south 
Thus, the Negev Desert is an ideal region for paleoclimatic studies. The purpose of this 

. study is to determine how the present-day location ofthe desert boundary changed with time 
Under present-day conditions, deposition of speleothems in the region requires more than 

250-30Omm annual rainfall. In the Negev Desert there are numerous karstic caves rich with 
speleothems, with no present-day deposition. Their presence indicates that wetter conditions 
prevailed in the· past. Their growth periods provide direct evidence for when water reached 
the unsaturated zone. We collected speleothems fi"om caves located in zones with different 

, amounts of annual precipitation: fi"om the most humid (280-30Omm) in the north (31 °25 'N) 
-High resolution U-Th dating using MC .o30- (א ( to the most arid (40-50mm) in the south 

ICP-MS shows that during the last 200ky the southem boundary of speleothem deposition 
150-was located in three different positions: a) the most arid episodes occurred between 

-138ky, 117-96ky, 22.5-21ky, and 12.5-0ky, with desert boundary 5-10km north of Be'er 
Sheva; b) wetter conditions prevailed mostly during glacial with some short interglacial 
episodes: at 190-150ky, 95-90ky, 80-23ky, 21-16ky and 14-13ky, with desert boundary 
located 5-10km south ofBe'er-Sheva; c) during short humid events during the interglacials, at 
205-190ky, -136ky, 132-118ky and -85ky, the desert boundary was located more than 

. 100km south ofBe'er-Sheva 
These resu1ts show that during most ofthe last 200ky the desert boundary shifted slightly 

around Be'er-Sheva apart fi"om very short wet episodes when it shifted more than 100km 
. southward 
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RADIUM 150TOPE5 QUARTET IN GROUNDWATER FROM THE NEGEV 

Vengosh A. 1, Pery N. 1, Haquin G. 2, Paytan A.3, Elhanany 54, Pankratov 14 

1. Department of Geological and Environrnental Sciences, Ben-Gurion University of 
the Negev, P.O.Box 653, BEER SHEVA 84105 

2. Radioactivity Measurement Section, Soreq NRC, Y A VNE 81800 
3. Department ofGeological and Environrnental Sciences, Stanford University, STANFORD 

CA, USA 
4. Water Commission, TEL-A VIV 

Here we report the results of a geochemical study that investigates the origin of 
radioactivity in brackish to saline groundwater from the Negev and Arava Valley, 
Israel. We measured the Ra isotopes quartet (226Ra-half life 1600 y, 228Ra - 5.6 y, 
224Ra - 3.6 d, 223Ra - 11.4 d) in more than 60 water samples from the Negev and 
were able to discriminate between radioactivity derived from a thorium source (high 
228Ra1226Ra and 224Ra1223Ra ratios) found in groundwater t10wing in the Kurnob 
Group (Nubian Sandstone) aquifer and an uranium source (low 228Ra1226Ra and 
224Ra1223Ra ratios) in groundwater t10wing in the Judea Group (carbonate) aquifer. 
We show that the activity of226Ra in groundwater from the two aquifers is positively 
correlated with temperature, inferring that radium leaching from the aquifer matrix 
increases with temperature. We also observed an inverse correlation between Ra 
activity and sulfate and a positive correlation with barium contents. We hypothesize 
that the chemical composition of the water also controls the radium content in the 
water, which is controlled by both leaching and retention into secondary minerals like 
barite. These findings indicate that high radioactivity can also be found even in 
relatively low-saline groundwater and that the isotopic ratios of radium are sensitive 
tracers for the water-rock interactions and thus reconstructing the t10w paths in 
different aquifer matrix (i.e., carbonate versus sandstone). 
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LIQUEFACTION POTENTIAL OF THE SOUTHERN COASTAL PLAIN, 
ISRAEL 

Wainshtein 1. 1, Hatzor y.1 and Gvirtzman H.2 

1 Department of Geological and Environrnental Sciences, Ben-Gurion University of 
The Negev, P.O.BOX 653 BEER SHEVA 84105 

2. The Institute ofEarth Sciences, Hebrew University, Givat Ram, JERUSALEM 91904 

The liquefaction potential ofthe Southem Coastal Plain, Israel was studied. 
Most methods of estimating liquefaction potential are based on correlations with 
various field tests, mainly with the Standard Penetration Test (SPT). AItemative 
methods correlate liquefaction potential with various laboratory techniques, ftom 
which the triaxial cyclic shear tests being the most popular. Most of the predictions 
are based on the ratio between the shear stress developed during seismic loading and 
the vertical effective stress: the Seed and Idriss (1971) simplified procedure is widely 
used for this purpose. 

A thorough site investigation was performed at the Kerem Shalom site. The 
investigation included: SPT, pressuremeter tests, and borehole seismic investigation. 
The borings were logged and index properties were determined. A two and three­
dimensional model of the sub-surface was constructed. A similar model, based on 
previous investigations was constructed for the Rafah site. 
Using the laboratory results and field investigation, a series of useful correlation 
between the index properties and mechanical properties was developed. In addition, 
the nonlinear shear mass participation factor rd (Seed and Idriss, 1971) was 
determined using the numerical SHAKE code. 

Assessment of liquefaction potential of the research area was based on different 
prediction methods, site properties, two different attenuation models (Boore et al., 
1997 and Idriss, 1991) and a design earthquake of magnitude 7.5 with epicentral 
distance of 100 km for Kerem Shalom and 105 km for Rafah. According to Boore et 
al., (1997) under the specified conditions, the research area is not prone to 
liquefaction. However, according to Idriss (1991), liquefaction at different depths of 
the subsurface is expected. 
The Boore et aI. (1997) attenuation model was found to fit well with the geological 

setting of Israel (Leonov, 2002), and is used in the Israeli Building Code (IC 413, 
update 08/2002). Furthermore, it was found that most of the empirical methods 
correlate well with the Frydman et al. (1980) and the Seed and Idriss (1971) 
laboratory based methods for assessment of liquefaction potential. 

Finally, a series of correlation charts was developed. In these charts, the 
liquefaction potential ofthe research area is determined, using SPT values or relative 
density and the epicentral distance. The charts are developed for different prediction 
methods, using the Boore et al. (1997) attenuation model. These charts can also be 
used for other areas of similar sub-surface structure with shorter epicentral distances. 
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34S/32S WITHIN THE HYDROLOGICAL SYSTEM OF MOUNT HERMON 
AND THE GOLAN HEIGHTS, NORTH-EASTERN ISRAEL 

Wakshal E. 1, Nielsen H.2 

1. The Leo Picard Groundwater Research Center, The Hebrew University 
of Jerusalem, P.O. Box 12, Rehovot, Israel 

2. Institute ofGeochemistry, Goldshmidt St. 1, Goettingen University, Germany 

Mt. Hermon constitutes the south-eastern extension of the Anti Lebanon mountain 
chain and forms the main replenishment area ofthe Jordan River sources. The area is 
dominated by regional folding trend (the Palmyra system) dissected by younger deep 
faults. The exposed rock sequence ranges from Lower Jurassic to Eocene, where the 
younger Golan Volcanic Plateau, ofNeogene-Pleistocene age, extends southward of 
the uplifted structure. The major aquifers are the highly karstified carbonates of 
Jurassic and Cenomanian-Turonian ages, as well as the Golan basalts and 
pyroclastics. 

Isotopic values of 834S(S04) within the various sources ofthe considered region are 
forming the following isotopic clusters indicating the subsurface paths of groundwater 
and springs: (a) snow with the average value of +7%0; (b) rainwater (including dry 
deposition during winter time) yielding the average value of +5%0; (c) dissolution of 
sulfates from unexposed Triassic-Lower Jurassic evaporates dominating the isotopic 
characteristic of the Banias spring +16.5%0; (d) volatilization of sulfur compounds 
from flooded basaltic soil during the winter period, yielding residual heavy value of 
+ 120/00 among all water resources of volcanic origin (springs, shallow and deep 
groundwater); (e) surface runoff upon flood events over the Golan Heights with the 
average isotopic value of +70/00; (t) deep-sited brines in northem Israel penetrated by 
oil wells (two samples) with the average isotopic value of +17%0. 

The present study indicates the importance of sulfur isotopes in delineating the 
hydrological regime of the Jordan River sources (Dan, Hatzbani and Banias) as well 
as the volcanic Golan Heights. 
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THE AVNON-TAMAR SEDIMENTARY CYCLE IN THE NORTHERN NEGEV 

Wald R., Benjamini C. 

Department ofGeological and Environmental Sciences, Ben-Gurion University ofthe Negev, 
P.O.BOX 653, BEER SHEVA 84105 

The Avnon-Tamar depositional cycle of the Cenomanian of the northern Negev 
(Dimona-Yeruham-Ma'ale Aqrabim area) is placed in a revised depositional and 
sequence stratigraphic context.The Avnon Mbr overlies the drowned upper surface of 
the Zafit Mbr with a bioturbated, nodular packstone facies rich in echinoderms 
including pelagic crinoids, thin-walled mollusks, small hyaline benthic foraminifera, 
oligosteginids, signifying an aerated, subphotic outer-ramp to near-basinal 
environment. This sedimentary package at the base of Avnon/Tamar cycle represents 
a TST (Transgressive Systems Tract). A thin laminated horizon with planktic 

,) foraminifera and 1acking benthos, akin to the Deir Yassini facies (Jerusalem area 
indicates an episode of oxygen depletion and forms the MFS (Maximum Flooding 
Surface). This facies aggrades upwards to a mid-ramp facies, with reappearance ofthe 
nodular facies grading upwards to more proximal packstones, occasionally with 
winnowed accumulations of Orbitolina, indicating the preliminary phase of the HST 
Highstand Systems Tract). The mid-ramp packstones are abruptly terminated by ( 

prograding cross-bedded coarse bioclastic rudist buildups of the Mid-HST phase. A 
DLS (downlap surface) is placed near this transition, at the first accumulations of 

to the progradational buildups are patches of וabioclastic packstones. Later 
grainstones and packstones with larger foraminifera, representing passage to the inner 
ramp/lagoonal facies, at the top of the Avnon Mbr in this region. The prolonged 
aggradational upper HST of the Tamar Mbr overlies appearance of the inner ramp 
facies. At first glance, fenestral microbialitic dolomites of the Tamar Mbr would 
seem to be a continuation of the inner-ramp facies, under conditions of slow 
subsidence under supratidal conditions. On closer examination, however, Tamar Mbr 
cycles may not be dominantly supratidal. Curiously absent or at least very uncommon 
are peritidal features such as flat-pebble conglomerates (storm rip-ups have been 
found), desiccation cracks, karst, or pedogenesis. Cycles consist of bioturbated 
mudstones topped by a small mollusk packstone. The mudstones, where not 
dolomitized, contain planktonic foraminfera or oligosteginids, and ammonites have 

' been reported. Attempted colonization of cycle tops fail to develop 'keep-up 
' buildups. Inevitably, cycles terminate in fenestral microbialitic mats and 'give-up 
. features, such as bored surfaces or iron crusts, which could well be subtidal 
' Continued subsidence, coupled with gradual, long-term deterioration of 'keep-up 

buildups, led to widespread mimicking of 'basinal' type sedimentation across the 
2000) showed the Ce-Tu ( וashelf in the Tamar Mbr. Recently Buchbinder et 

transition in Israel was underlain by a type III drowning-type sequence boundary 
following Schlager, e.g., 1999). This drowning surface is at the position ofultimate ( 

disappearance ofthe Tamar cycles. Ecosystem inhibition by nutrient stress, invoked 
for the Ce-Tu boundary event in many places in the Tethys, can thus be applied to the 

-observed ecological deterioration ofthe rudist-buildup facies at the top ofthe Avnon 
. Tamar cycle 
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DESERT - AN INTERDISCIPLINARY STUDY OF THE DEAD SEA 
TRANSFORM 

Weber M. for the DESERT Group 

GFZ, Telegrafenberg E325 D-14473, Potsdam, GERMANY 

To address one of the central questions of plate tectonics - How do large transform 
systems work and what are their typical features? - geophysical investigations across 
the Dead Sea Transform (DST), the boundary between the African and Arabian plates 
in the Middle East, were conducted for the first time and combined with 2.5 and 3D 
thermo-mechanical modelling. One major component of these investigations are 
seismic and magnetotelluric surveys across the Dead Sea Transform. Main results of 
this study indicate that the DST cuts through the entire crust, .that strong lower crustal 
reflectors are imaged only on one side of the DS T, that the seismic velocity sections 

26 km at the ~ om חshow a steady increase in the depth of the crust Moho 
, 39 km under the Jordan highlands, with only a small but visible ~ Mediterranean to 

asymmetric topography of the Moho under the DST. These and several other 
observations can be linked to the left-Iateral movement of 105 km ofthe two plates in 
the last 17 Ma, accompanied by strong deformation within a narrow zone cutting 
through the entire crust. Comparing the DST and the San Andreas Fault system 
indicates that lower crustal reflectors and deep deformation zones are possibly 

. fundamental features of large transform plate boundaries 
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EVIDENCE OF POST LISAN FAULTING AT THE EASTERN MARGIN OF 
THE KINNAROT BASIN 

Wechsler N., Marco S. 

, Sciences, P.O. Box 39040, Te1 Aviv University yוDepartment ofGeophysics and P1aneta 
69978 Rarnat Aviv, TEL-A VIV 

Geological mapping and subsurface data show that Tel Katzir is a fault-bounded 
uplifted block inside the graben of the Kinnarot Basin, which is part of the Dead Sea 
Fault system in northern Israel. We aimed to explore the Holocene activity around Tel 

-Katzir. Preliminary results ffom paleoseismic investigations in the vicinity of Tel 
Katzir, at the eastern margins ofthe Kinnarot Basin, show evidence ofyoung faulting 
apparent ffom displacements found in Lisan Formation layers, both inside the basin 

. and at its margins 
Trenches were excavated in 4 sites around Tel-Katzir and an outcrop was mapped 

, rst site was in close proximity to the shores of Lake Kinneret וfand measured. The 
between Haon and Maagan. Three parallel trenches showed displacements of several 
tens of centimeters, juxtaposing the Lisan laminae against soil and weathered Lisan 

-material. The second site oftrenching was adjacent to the south-eastern slopes ofTel 
Katzir, where a sharp straight contact between soils of contrasting colors clearly 

. visible in air-photos coincides with the inferred trace of the eastern Tel-Katzir fault 
Again three trenches were excavated across the suspected fault line. The trenches 

cation, but some evidence of וfexposed sections of massive soil with no strati 
deformation in the form ofvertical sand-filled fractures was found. Due to the lack of 
stratification no displacement could be identified. The third and fourth sites were also 

-near the eastern slopes of Tel-Katzir, north of the second site, along the eastern Tel 
Katzir fault trace. In both sites only one trench was excavated, and in both we found 

cation, so again we וfvertical ffactures where the fault was expected but no strati 
couldn't measure the displacement. An outcrop along the road ffom Maagan Junction 
to Hamat Gader, south of Avner Hill, was also studied. These faults are the 
continuation of the eastern normal fault zone that bounds the Kinneret Basin, at the 

, base of the Golan escarpment. In this outcrop layers of Lisan show normal faulting 
. the vertical component ofthe displacement totals about 2 meters 

The paleoseismic study shows that activity on the faults in Maagan and the road 
outcrop postdates the high stand of Lake Lisan at 26-24 ka. In Maagan that activity 
postdates the pedogenetic processes as well. C14 dating on the trenches in currently 

. underway 
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ERNS OF SUBMARINE GROUNDWATER חNEW EVIDENCE AND PA 
DISCHARGE ALONGE THE MEDITERRANEAN COAST OF ISRAEL 

Weinstein Y. 1, Herut B. 2, Yechieli Y. 3, Kafri U. 3. 

1. Bar-Ilan University, Department ofGeography, RAMAT GAN 52900 
2. Israel Oceanographic and Limnological Research, Department of 

Marine Chemistry, P.O. Box 8030, HAIFA 31080 
3. Geological Survey ofIsrael, 30 Malkhe Israel st., JERUSALEM 95501 

Submarine Groundwater Discharge (SGD) is now considered as having a major role 
in transporting fresh water and nutrients to the sea. SGD may be traced by salinity and 
nutrient measurements, as well as by monitoring the activities of 222Rn and radium 
isotopes. In a survey during June 2004 through February 2005, we found low 
salinities and moderately high 222Rn activities in several sites close to the shoreline 
along the northem coast (down to 37.4 ppt and up to 3.5 dpm/I, compared with 39.6-
39.8 ppt and <0.5 dpm/l, respectively, in eastern Mediterranean water). The highest 
activities were observed at Haifa Bay, and in this case they are attributed to surface 
inflow from the Qishon and the Naaman Rivers (up to 74 and 290 dpm/l, 
respectively). 

At several sites we identified discharge of groundwater (2-4 ppt) directly into the 
sea. These include the area of Dor, the northwestem side of Mt. Carmel (Shiqmona 
and Dado Beach), Shavei Zion, south of Akhziv, and south of Wadi Betzet. At 
Shiqmona, Betzet and Akhziv, discharge is from the Cretaceous aquifer, while at 
others it is from the Pleistocene aquifer, which veneers the Cretaceous one. At most 
sites, seepage was identified just during the wet season, while during the summer it 
was just traced by slightly lower salinities and moderate 222Rn activities. However, at 
Shiqmona, seepage was also identified during the summer, with low tide Rn activities 
of 1,800 dpm/l (three times and more the activities of typical groundwater). At this 
site, 222Rn activities as high as 8 dpm/I were found 1,100 meter away from shoreline, 
indicating that seepage is not restricted to the tidal flats. High radon activities were 
also found at a cave in Rosh Haniqra, with more than 12 dpm/I. 
Temporal study at the Shiqmona site shows that radon activity decreases by a factor 

of 45 between low and high tide, significantly more than the variability in salinity, 
implying the existence of another low radon/low salinity component or that the flux of 
radon into groundwater is reduced during high tides. 
Unlike the radon, 226Ra activities were usually low «30 dpm/I), suggesting that the 
discharge is mainly of fresh water. 
High activities of 222Rn were not found at any southern coastal site, and low 

salinities were documented just at two sites. This implies very limited SGD, which is 
probably the result ofthe effective confinement ofthe Cretaceous aquifer by Pliocene 
clays and of the reduced groundwater levels in the Pleistocene aquifer due to over­
exploitation. On the other hand, at the north, confining layers do not always exist or 
that they are dissected by faults allowing discharge from the Cretaceous aquifer. 
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AEOLIAN SAND INCURSION INTO THE NORTH WESTERN NEGEV 
DURING THE UPPER QUATERNARY 

Wenkart, R. Tsoar, H., Blumberg, D.G. 

Department of Geography and Environmental Development, Earth and Planetary Image 
Facility (EPIF), Ben Gurion University ofthe Negev, P.O.Box 653, BEER SHEVA 84105 

The sand dunes in the north westem Negev are part ofthe northem Sinai dune field. 
These dunes, which were active in the past, are stabilized today by biogenic crusts and 
vegetation. According to the differences in sand color and in the morphology of the 
sand dunes, we assume that there where several incursions of sand into the area. 
Previous studies in this area have shown that the activity cycles of the sand dunes 
occurred during the Upper Quatemary. The different sand units were mapped 
according to their color, dune morphology and time of stabilization (TL dating). The 
mapping of the sand dunes in the north westem Negev was made by remote sensing 
and GIS. The data was collocated trom a Landsat TM image, digital aerial 
photographs and trom sand samples collected in the field. The color was determined 
by the spectrometric signatures of the sand samples and trom the spectrometric data 
that was extracted trom the image and the aerial photos. Results show that there are at 
least three sand units according to their color. The different sand units have been 
deposited one on the other with areas of mixed sand units. TL dating will determine 
the time ofthe different sand incursions into the north westem Negev. 
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SHORT-TERM NANOSEISMIC MONITORING OF AFTERSHOCKS AND 
RUPTURE DYNAMICS: THE Mb 5.1 NORTHERN DEAD SEA 
EARTHQUAKE OF 11 FEBRUARY 2004 

Wust-Bloch G. H. 1 , Joswig M. 2 

1. Department ofGeophysics and Planetary Sciences, Tel Aviv University, P.O.BOX 39004, 

Ramat Aviv, TEL-A VIV 69978 
2. Institute for Geophysics, Stuttgart University, Gennany 

The February 11 th 2004, Northern Dead Sea Earthquake (ML 5.1) was used to test 
the aftershock monitoring capacities of Seismic Navigation System (SNS). One single 
sparse, small-aperture tripartite array was deployed and started to record data less than 

ve hours after the mainshock. Within 17 hours of continuous monitoring, a series of וf
61 micro- and nano-aftershocks (2.4 > ML > -1.9) were detected and subsequently 
analyzed by data processing techniques developed for nanoseismic monitoring. The 
results were further evaluated for robustness by independent data anchoring and 
instrument sensitivity analysis. The aftershocks cluster within an E-W trending and 
south-dipping discontinuity zone, which is consistent both with available fault plane 

-solutions and with a latest tectonic model ofthe Northern Dead Sea Basin. The non 
random statistic distribution of these events shows that eight aftershocks of larger 

-magnitude (ML > 1.5) are each followed within several minutes by a series ofmicro 
and nano-aftershocks of decaying magnitude, described here as aftershock pulses 
AP). The spatial migration ofmicro- and nanoseismic events (ML < 1.5) associated ( 

rst 24 hours of the וfwith each AP provides insights into rupture dynamics within the 
. mainshock 
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CROSS-RIFT AND ALONG-RIFT WAVEFORM CHARACTERIZATION OF 
TEST-BLASTS 

Wust-Bloch G. H. 1 , Leonard G. 2 

, 39040 epartment ofGeophysics and Planetary Sciences, Tel Aviv University, P.O.Box 1 .ס 
69978 Ramat Aviv, TEL-A VIV 

ivision, IAEC, Israel 2ס. Licensing 

Recent test-blasts (20-32 Tons) detonated at shallow depth « 100 m) in Israel and in 
-ays (Seismic Navigation Systems חJordan were recorded by several portable sparse a 

SNS) and used to assess the effect of the Dead Sea Rift (DSR) substructure on 
-waveforms. Two source-to-sensor configurations are compared: cross-rift and along 

rift. Path- and site-effects are isolated by an initial SNR analysis. The distribution of 
broad-ffequency range (1-75 Hz) signal energy as a function offfequency is evaluated 

232 by sonogram analysis for source-to-sensor distances, ranging between 0.5 and 
km. This work investigates the influence of the tectonic substructure of the DSR on 

. the location and characterization capabilities of non-natural seismic sources 
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TEN YEARS OF SITE EFFECT INVESTIGATION IN ISRAEL: TECHNIQUES 
AND EXAMPLES 

Zaslavsky Y. 

The Geophysical Institute ofIsrael, P.O.Box 182 LOD 71100 

It is now well known, that the effects of local surface geology and topography on 
, seismic motion can be large. The damage fi"om recent earthquakes (Mexico City 
, 1995 Mexico 1985, Spitak, Armenia 1988, Northridge, California 1994, Kobe, Japan 

Eilat, Israel 1995, Armenia, Columbia 1999, Izmit, Turkey 1999 ... ) have brought 
additional evidence ofthe importance ofsite effects. This is particularly important for 
Israel since most urban areas include soft surface deposits and/or significant 

. topography 
: The presentation will therefore focus on three issues 

? 1. How to estimate the site effect 
2. How to cope with special site conditions, especially urban conditions and scarcity 

? of data in remote sites 
? 3. What is the topographic site effect 

During the last decade, at the request ofvarious clients, more than 70 sites proposed 
for newconstruction have been investigated by us in an attempt to estimate the 
possible amplification of the seismic ground motion. We used various empirical 

-methods to determine the site response function, including reference and non 
, ing to different sources of excitation - earthquakes חreference techniques and refe 

explosion and ambient vibration. Amplifications factors of 3 to 8 were observed at 
various fi"equencies of 0.6 - 8.0 Hz. Available geological and geophysical data were 
employed to obtain subsurface models which were reasonably consistent with these 
data while producing calculated site effects consistent with the site effects which were 

. determined empirically 
In 2001 a special team was formed in the Geophysical Institute to map site effects in 

different areas across Israel. Up to now, seismic microzonation studies in the towns of 
Lod and Ramla, Qiryat Shemona, Kefar Sava, Dimona, Arad and in the Coastal plane 

ied out by this team. For each town, two maps חand Hashefela regions have been ca 
were prepared, showing the fundamental fi"equencies and maximum relative 
amplifications in the investigated area. Earthquake records are difficult to use for site 
effect assessment in urban areas due to the high noise level, especially in a moderate 
seismicity region. Our experimenial studies confirm the fact that ambient vibration 
recording can be used to obtain reliable information about the fundamental fi"equency 

. and amplification of a l-D multi-layer medium 
Macroseismic observations have shown that the effects of local topography on 

ground motion may be of great importance. We have used earthquake, explosion and 
ambient vibrations records for estimating topographic site effects. The seismic 
response of steep slopes and mountain peaks showed prominent amplifications, up to 
factor 8, within the 0.8-3.0 Hz fi"equency range. Theoretical studies of the effect of 
topography are very sensitive to various parameters of analytical models. Empirical 

. seismological site response evaluations are more reliable 
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SITE EFFECT AND GROUND MOTION PREDICTION IN QIRYAT 
SHEMONA 

Zaslavsky Y., Ataev G., Mikenberg M., Kalmanovich M., Gorstein M., 
Aksinenko T., Giller V., Perelman N., Livshits 1., Giller D., Dan 1., 
Shvartsburg A. 

The Geophysicallnstitute ofIsrael, P.O.Box 182 LOD 71100 

This study is focused on estimating the seismic hazard to Qiryat Shemona by 
implementing a three-step process: (1) detailed mapping ofthe characteristics ofthe 
H/V spectral ratios ftom ambient noise, (2) incorporating geological and geophysical 
information to construct subsurface models for different sites within the investigated 
area and (3) estimating the seismic hazard in terms of uniform hazard site-specific 

. accelerations 
investigation of the site effect by ambient vibration survey was carried out at מA

300 sites. Two methods were applied to estimate site effects: (1) horizontal-to-vertical 
spectral ratio of motion observed at the same site; and (2) and horizontal-to horizontal 
spectra ratios of motion at the investigated site and those at reference site. In some 
cases the shape of spectral ratios and level of spectral amplifications obtained ftom 
two metbods are similar. However, in many other cases, the spectral ratio with respect 
to reference site was invalid because in urban areas even on very short distance 
spectrum of motions in investigated and reference sites is affected by different locaI 

. sources 
The spectral ratios indicate site amplifications range ftom 2.0 to 8.0 within the 

ftequency band 0.7-14 Hz. These results suggest that there is significant shear-wave 
velocity change and considerable variation of sediments thickness. The ambient 

, vibration measurement data were used to constrain different l-D subsurface models 
that allowed us to determine the area of expansion of the Hazbani basalt, which is the 

-reflector for the greater part of the study area. Maps of depth to reflector and shear 
wave velocity of the second sediment Iayer were constructed using Vs obtained by 
reftaction surveys and program for fitting the analytical transfer function to the 
empirical one. The part of Qiryat-Shemona-Jammunneh master fault located within 
the study area and not mapped previously by geological survey was detected by 
measurements. Amplification effects were revealed in the area where the Hazbani 
basalt crops out according to the geological map. The width of this area may reach 

. 500 meters 
Based gn the observed resonance ftequencies, we divided the study area into eight 

zones. The Uniform hazard site-specific acceleration spectra for the alI zones were 
computed for a probability of exceedence of 10% during an exposure time of 50 years 
and a damping ratio of 5%. The shape of the spectra obtained for all zones differ 
significantly ftom those prescribed by Israel Building Code (IS-413). IS-413 essential 
underestimates the accelerations in the period range ftom 2 sec. to 0.1 sec. These 
evaluations are very important for realistic assessment of the vulnerabilities of alI 

. types of existing and newly designed structures and for urban and land use planning 
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מפוזרת?אוממוקדתגזירה-יריחובקעתבקטעהמלחיםטרנספורם

 3א.ברונר , 2 .'אייל , 1ג.שמיר

 71100לוד 182ת.דל'שאול,הג'אופ'ס'.המכוו 1
 84105שבעבאר 653ת.ד.בבגנ,גוףוובואונ'ברס'טתוהסב'בה,הג'אולוג'הלמדע'המחלקה . 2
רחובות , 5אופנה"מרבע"מ,אקולוג . 3

בבקעתהפלחיםטרנספורםפאזורוסטרוקטורלייםסייספולוגייםסייספיים,נתוניםשלאינטגרציה
עללפפוזרתהפכה,והתנועהבפליוקונכראהפסקה,יריחושברלאורךהפרוכזתהגזירהכיפראהיריחו

פלח.בגופיוחדורונחלייםאגפייםבסדימנטיםפכוסהנרחב,טרנספורםאזורפני

צחיחיםאביזוריםם IIאלוביאלאקוויפריםשלוהעשרהשיטפונותמיחידור

 3 .,יחיאלי , 2 .,אנזל , 1ע.דהו , 1 .,שני

בנבגוובו-גוףאונ'ברס'טתהמ'ס,לחקרצוקרברגמכוו . 1
 91904'רושל'סרס,בגעתרס,בגתעהבער'ת,האונ'ברס'טההאyר,כדורלמדע'המכוו . 2
 95501'רושל'ס , 30'שאולמלכ'רחובהג'אולוג',המכוו . 3

ביוהגופליוביחסיופתפקדצחיחיםאבזוריםתהוםפישלחוזרופילוישיטפונותפיבחירורעוסקהפחקר
חלחול.פארגילעומתטבעייםנחליםערוציתחתהתהום,ופירוויהלאהתווךפישיטפונות,פי
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הברזלבתקופתמקומייםקנקניםבייצורגירבטכנולוגיתשימוש

 . 2 .)ל"ז(פבק , 1ש.שובאל

חסש'דל,דהדורות'קמפוסהפתוחה,'סה Oהאונ'ברהטבע,למדע'המחלקההג'אולוג'ה,קבוצת . 1
ערננה 108 'רבוקצרח'

ל-בא'ב nתל-אב'ב,'סת Oאונ'ברלארכ'אולוג'ה,המכוו . 2

.חומרהזרבתלשנחפרוקנקנימשלקבוצהבייצורהברזלבתקופתששימשהקרמיקהטכנולוגיתנחקרה
כימעיזה ) 57-39% (בקרמיקהקלציטשלהבגוהההתכולהבסחף.שמקורהגיריתחרסיתהיההגלמ

הכלימ.להקשייתגירשלבטנכולוגיההשתמשוהקזרימ

הערביבלוחמקביליםלבקעיםעדויות

 1מ.לזר , 2ג.בר-עם , 1מ.שרף , 1צ.-אברהם Iב , 1א.שטנר

 69978אב'ברמת 39004ת.דאב'ב,תל'סת Oאונ'ברפלנטר"ס,ומדע'ס'קה Oלג'אופ'החוג . 1
'רושל'ס , 18האומורח'בע"מ,נפסשדות . 2

המתוארךבהרכבונזירסזימנטרירצף,נתגלהישראלצפוןשלהיבשתמזףעל,הממוקםחזשבקיזוח
באגןשקעזהרצףכיעולהסייסמיימחתכימשלנמיתוח .תחתוןמיוקןעזתיכוןגוקןלאולי

שלסזרהמביןאחזהואחיפהאגןהכרמל.שברשלהנוכחיהתוואילאורךחיפה","אגןמורפוטקטוני,
המלח.ימשברלאורךהפעילותלפניעוזשהתפתחקישון-סירחאן,הכושלהבקעאתהמהווימאנגימ
 .סואץ-ימ-סוףבתוואילביקועובזמןבמרחבבמקבילהתפתחקישון-סירחאןבקע

אדמהרעידותשלמדויקיחסיאיכוופיעלהמלחיםשקעשלהפעילהמבנה

ג.שמור

 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו

ברורהפעיותאיןכימאשרהכפולימההפרשימבשיטתהמלחימבשקעאזמהרעיזותשליחסיאיכון
בערבהוכןהליסאןומזרחלינץ'שבראבזורהמלח,ימאגןבצפוןרעיזותצבירי,ועלשוליולאורך

הצפונית.
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עובדיהתצורתשלומגנטיפלאתארוך

 3ע.יוסףבר , 1א.עגנון , 1י.אנזל , 1ח.רון , 2מ.בלמקר , 1א.שגיא

 91904'רושל'סרס,בגעתרס,גבעתהבער'ת,האוניברסיטההאץר,כדורלמדעיהמכוו . 1
'רושליס.הבער'ת,האונ'ברס'טהואקולוג'ה,ס'סטמט'קהלבאולוצ'ה,המחלקה . 2
ק"מבר'דג.'הרוואדר,לאנטרופולוגיה,המחלקה . 3

מתוארכתהתצורה . R-N-R-N-Rחתךהניבבכרות,בקעתעובדיה,בתצורתשנעשהפלאומנגטיאתרוך
ההיפוכיםשגילהסקונהתוצאותולפימ"ש, 1.4ל , Matuyamaהלהיפוךפאוהנהשואותידיעל

מ"ש, 1ו 1.2 (וחרמיוקובהראובהתאמה),מ"ש, 1.2ו 1.55 (קובוהרגילסההינםשנמצאו,הונרמלים
שניביןהבחנהמאפשראינוואבירואסיהבאפריקהלאתריםהיונקיםמאסףהשוואתבהתאמה).

האפשרויות.

מאמצעופליאו-אקליםפליאו-סביבהלתנאיכאינדיקטוריםחרסיתמינרלי

ישראלאזורהאלביאן,תחילתעדהטריאס

שובאלש.

רבוקצ'רח'חטש'דל,דהדורות'קמפוסהפתוחה,האוניברס'טההטבע,למדעיהמחלקההגיאולוגיה,קבוצת

רעננה 108

התטיסדרום-מזרחשולילאורךששררוואקליםסביבהלנתאיכאינדיקטוריםמשמשיםהחרסיתמינרלי
חמיםהיםמיהיוהיבשהבמדףכימעידהאיליט/סמקטיט.היווצרותהאלביאןתחילתעדהטריאסמאמצע
בתאניםקרקעותהתפתחוהיבשהעלכימעידהקאוליניט.היווצרותהפתוחהאוקיינוסממייותרומלוחים

 .טרופיאקליםהמאפיינים

מקומייםבישולסיריבייצורנמוכהבטמפרטורהסינטורבטכנולוגיתשימוש

הברזלבתקופת

 . 2 .)ל"ז(פבק , 1ש.שואבל

חטשידל,דהדורותיקמפוסהפתוחה,האוניברס'טההטבע,למדעיהמחלקההגיאולוג'ה,קבוצת . 1
ערננה 108רבוקצירח'

תל-באיבתל-באיב,אוניברסיטתלארכיאולוג'ה,המכוו . 2

הגלםחומרהדר.בתלשנחפרובישולסיריבייצורהברזלבתקופתששימשהקרמיקהטכונלוגיתנחקרה
בטכנולוגיתהשתמשוהקדריםטרה-רוסה.בקרקעאובזלתבקרקעשמקורהגיריתבלתיחרסיתהיה

הכלים.להקשייתנמוכהבטמפרטורהסינטור
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ישראלהחוף,אקויפרשלהמיםאביכותשיכוב

 2פ.קי Oמלושב , 2ק.פ.,זיילר 1א.,ונגוש 1ה.רענן

 84105שבעבאר 653ת.דבבגנ,גוףוובו'טת Oאוניברוהסב'בה,הג'אולוג'הלמדע'המחלקה . 1
2 . GSF , ,גרמנ'הנו'הרברג

המסתננ.בעומקהמיםוגילאיכותשלתלותלהציגכדינדגמוהחוףאבקויפראזוריםמספרתקציר:
 .ניטרטבריכוזיםגמובהקפחותובאופןהכלוריד,ובריכוזיהמיםגבילשיכובמגלותראשוניותתוצאות
עמוקים.תהוםלמיזיהוםלהגעתמוקדמתהתראהמערכתלהציעהיאהמחקרמטרת

מהפליוקןהמלחיםטרנספורםצידימשניהא-סימטריוהמבנהאנכיותתנועות

ואילך

 , 4צ.בן-אברהם , 3ג.טיבור , 2א.הופשטטר , 2מ.ריבקוב , 1ו.קי Oליחוב , 1ע.שבג

 2ו.גולדשמידט

 95501'רושל'ם , 30'שאולמלכ'רחובהג'אולוג',המכווו.
 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו . 2
 31080ח'פהב'שאול,ואגמ'ם'מ'םלחקרהמכוו . 3
 69978אב'ברמת 39004ת.דאב'ב,תל'טת Oאונ'ברפלנטף'ם,ומדעים'קה Oלג'אופ'החוג . 4

טרנספורםלאורדטקטוניתתטעהעקבמורמיםישראלוצפוןשלנבוןמראההלנבטשלאיזוסטטיאיזון
שלהסדינמטיםקונוסמעמסע"יגנרמיםישראלבמרכז Archingו-הלבנטבאגןשקיעההמלח.ים

א-סימטריות.לעיתיםבשוליהם,להתרוממויותגורמיםודומיוהמלחיםבאנגיסדימנטיםמעמסהנילוס.

חדשמבט-הכרמלשלהסטרטיגרפיה

 2ששא. , 1שבגע.

 95501'רושל'ם , 30'שאולמלכ'רחובהג'אולוג',המכוו . 1
 91904'רושל'םבירושל'םהבער'ת'טה Oהאונ'ברהאץר,דכורלמדע'המכוו . 2

אלביאן-בתחוםסדימנטציהמחזוריארבעהוהוכרוחדשותתצורותהוגדרועתליתגיליון.מיפויבמהלד

בבסיס; ) V 1 (וולקניואופקאורןביתגירעספיה,קירטון- 2מחזוריגור;תצורת 1-:מחזורטורון
מעלבע'נה,תצורת- 4מחזורבבסיס; 2Vעםבצפוןוערקןהכרמלבדרוםזכרוןתצורות- 3מחזור

4V , בצפון-מזרח.סומק,-עליוןופרטמוחרקה,-תחתוןלפרטחלוקהועםבדרום-מערבחלוקהללא
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גדיעיןמאזורקידוח:דוגמאלנתונישלווהקשרמשולבמי-גרבימטרי o"oפענוח

ג.אטייב ,.מחניקןב

 71100לוד 182ת.דלישארל,הגיאופיסיהמכוו

חדשיםסייסמייםתנוניםעםולשלבםגדי,עיןמאזורגרבימטרייםנתוניםלפענחהיתההפרויקטמטרת

 .בגהוהבהפרדהרפללצןיהמסקרי
המאופייןרדודאנטיקלינליבבמהקייםבאזורכימסקהנהוסקההסייסמייםהקויםשלחוזרעיבודאחרי

צפון-מערב.לכווןוהנוטהמורבכשבירהבנבתית
מאריםהסייסמייםהנתוניםגרבימטרים.נתוניםמפענוחשהתקבלהמבכהאתחופףהבמנהקימום

האנומליהגרבימטריים.מנתוניםשהתקבלנמוכהצפיפותבעלאזוראתהחופפתאמפליטודהשלאנומליה
מאוחרשבוצע lזרח-בקידוחאישורהאתמצאהזאתתוצאהגז-מים.שלמגעכאזורפועחנההסייסמית

יותר.

 Mud rock lineשלמיוחדכוונוןבעזרת Fluid Factorבחישובשיפור
פרמטרים

 2 .,בינקיןי 1מ.חניקוב

 71100לוד 182ת.דלישארל,הג'אופיסיהמכוו . 1
 44837אריאל , 10ב.ושומרוו,יהודההאקדמיתהמכללהגיאומג', . 2

 . AVOבשיטתסייסמיקהבעזרתוגזנפטשללאיתוראופטימאליכמדדמשמש Fluid Factorהפרמטר
 Mud Rockשלהפרמטריםאתולהעריךמיםרווייחולותשלחלופייםמדוליםלבחוןמציעיםאנו

Line . לבצעיאפשרוהללוהפרמטריםAVO וזיהויגזרווייהחולותשלשוניםסוגיםעבורמודליגג
אבזורבנדקההמוצעתהשיטה .וגזנפטשלואיתורהליטולוגיהלימודאת,לשפר Fluid Factorשל

 .בישראלבנחר

שוניםקרקעשימושיתחתהחוףאקוויפרשלהתהוםמיהעשרת

 1ר.נתיב 2ע.דהן , 1 .,רימון

 76100רחובות 12ת..דבירושלים,הבעריתהאוניברסיטהומים,לקקרעהמחלקה . 1
 84990בוקרשדה 653ת.דבנבג,גוירוובואוינברסיטתצוקרבגר,ע"שהמיםמכוו . 2

 .החוףאבקוויפרתהוםמיהעשרתקצבעלשוניםקרקעשימושיהשפעתאתלבחוןהינההמחקרמטרת
בתועתקצבולהערכתהשתניהחוזרהמילויאומדנילצורךחיוניתלאקוויפרהטבעיהחלחולקצביקביעת
המאפשריםאתריםבחמישהאשדודבעירנערךהמחקרהתהום.מיאלרוויהבלתיבתווךשוניםמזהמים
פתוחה.ודיונהמעובדיםחקאלייםשטחיםלצדאורבאנייםלשטחיםמתחתהחלחולקצבישלהשוואה
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נפחילהערכתכאמצעיהמלחיםאלההתנקזותתחוםרכיבישלמרחביניתוח
המלחליםקרקעיתהעלהזרימה

ר.קלבו

 95501'רושל'ס , 30'שאולמלכ'הג'אולוג',המכוו . 1

עליתבססהאומזןהמלח.ליםהגמיעהעיליהגנרלהערכתשישמשהמרחביהמיזעאתמציגהפוסטר

וסוגיניקוזאגןגוזלמשקעים,עוצמה,תזירות,ביןקורלציההמציגההיזרולוג,יהשרותמוזלהרחבת
מסלע.

תחנותשלמזוזותוזרימותומטאורולוגיה)גיאולוגיה(פיזיוגרפיה,האגןמאפייניביןקשריגובשבמחקר
המלח.ליםהניקוזתחוםעלויישוםהיזרומטריות,

וערדדימונהבעריםאתרתגובתמיפוי

אקס'ככקוגילרד., ,.'דן ,.כפרלמן ,.גאט"ב ,.מגורשט"ן ,.'לבסקי Oז ,.מקלמכוביץ'
א.שוורצבורג ,.'ליבשיץ ,.וט.,גילר

 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו

וערז.בזימונהנקוזות-375ברקערעשמזיזותבוצעואתרגתובתשלניסיוניתלהערכה
והערכיםבזימונההרץ 9.0עז-1.0מתזריםבפס 7.0עז-2.0מהבגרהמציגיםספקטראלייםיחסים

בערז. 7.0עז-2.0מתזריםבפס 7.0עז-2.0מ

קזום.תבליטשלבלייהוערוץאסימטריקערבזימונההתגלוהמזיזותתוצאותעלבהתבסס

באקוויפרחנקותזיהוםותהליכימקורותלזיהויאיזוטופיםבסמניםשימוש

החוף

 2ב.מאה"ר, 1 ,.אוכגוש, 1 ,.דרודד,

 84105באר-שבע 653ת.ד.גוריוו-בנבג,בויטת Oאונ'ברב'בה, Oהומדע'לג'אולוג'הלקה nהמ . 1
2 . ogy & Departments of Physics וgary, & Astronomy and Geo וGeophysics, University of Ca 

gary, Alberta, Canada T2N 1 N4 2500ו University Drive NW, Ca 

זיהוםמוקזישלזיגוםעלמתבססהואהחוף.באקוויפרהחנקהמקורותזיהויעםמתמוזזזהמחקר
 ,בורוןשלאיזוטופיםהחנקה,במולקולתוחמצןחנקןשלאיזוטופיםומזיזתבאקוויפרזוהואשרהחנקה

המים.שלהכימיוההרכבטריטיום
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תלבמטרופוליןהאדוםהקופרוייקט-הנדסייםלצרכיםכורכרקרקעותסיווג
אביב

 .'קיסר,

בע"מוביסוסקקרעהנדסת .א.'.ג

כזיתוךהתעוררהכורכרשבכותבמיוןהצירךהנזסיים.לצרכיםכירכרסלעיבמיוןעוסקתההרצאה
המבוצעהקלההרכבתפרייקט ,האזום""הקושלקרקעיהתתהחלקעבורשבוצעההגיאוטכניתהחקירה
אביב.תלמטרופוליןשלהמוניםהסעתמערכתשלהראשוןכשלב
מנחםרח'זרךז'בוטיסנקי,רח'לאורךתקווהמפתחנמשךוהיאק"מ 18כ-הואהאזום"ה"קואירך
חוצההקולמנשיה.ועזגההמצומתנמשךקרקעיהתתהקטעים.לבתעזירושליםושזרותמנשיהגבין,
החיף.לקובמקבילהברכייםהכורכררכסיאת

הומונגילאמאזתווךהןכורכרקרקעותהים,חוףלאורךבעיקרשפזוריםכורכרבמחשופישנראהכפי
לאחולשלבינייםשכבותעםס"מ, 5עז 0.5שלבעוביקשותמצומנטותשבכותמשבתה:במהבובעל

שלהמתקבלתהמזםגאיכותוכו.'קשהמסיביסלעמצטלבות,שבכיתמצובמט,חולשלאצבעותמצובמט.
מזםגקבלתלשםמאז.ירוזההיארגילותבשיטותהמביצעיםניסיוןבקיזוחיהתקבלתכורכרשכבית

 . Triple Core Barrelשיטתחלקיתבהצלחההקיזוחבוצעיותרטוב
שלהכמותפיעלבעיקר , Kl, K2, K3, K4סוגים:-4להכורכרשבכותאתהממיינתשיטההוצעה
.נלקחוהכורכרוסוגהקרבונטיםכמותביןקורלציהלמצואניסיוןנעשה .שבחתךהמצומנטותהשכבות
גזירה.לחוזקמעבזהבזיקותלשםהקופסא,בשיטתכורכרשלמופרים""בלתימזגמים

בסביבתוהתהוםמימערכתעלהמלחיםנסיגתהשפעת

 ,א.שלו "ו.,לייחובסקי 2א.סטרינסקי, " .'יחיאלי ", 2 .,קירו

 95501'רושל'ס , 30ישארלמלכיהגיאולוגי,המכוו . 1
 91904ירושל'סבירושל'ס,הבעריתהאוניברסיטההאyר,כדורלמדעיהמכוו . 2

התהוםמימערכתעלהמשפיעההמלחיםבמפלסומתמשכתמהירהיריזהחלההשישיםמשנותהחל

הביניהפןמיקוםושלהתהוםמימפלסישליריזיתנצפועריגותבחבלהמחקרבמסגרתבסביבה.
תכנתבעזרתנומריותסימולציותשלראשוניותלתוצאותבקרובמתאימיםאלונתוניםקיזוחים.במספר

SUTRA . 
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רציףבלתיבסלעשלוחיםמצוקיםיציבותעלוהשלכותיהמבניתודאותאי

 . Sמ.סוקולובסקי , 4ע.זלצמן, , 3א.לויתן , 1ג.יגודה, , 1י.ח.חצור , 1,2מ.צסרסקי

 84105שבעבאר , 653ת.דבבגנ,גוירוובואוניברס'טתוהסביבה,הגיאולוגיהלדמעיהמחלקה . 1
חיפה.הטכניוו,וסביבתית.ית mאזלהדנסההפקולטה . 2
באיב.תל . 8יעקבזכרוורחמהדנסים.לויתו . 3
גו.רמתא' 8המלאכהרח'סלע,והדנסתהדנסיתגיאולוגיה . 4
והשיכוו.הבינוימשדרוהדנסה,תכטומהנלוביסוס,גיאוטכניתלהדנסההמשדר . 5

שלהעליוןהלשישסזוהק.סלעממסתברניאשר ;'מ 34שלגבובהמצוקשליציבותונחקרהזובעבוהד
מתיחהמאמצילהתפתחותגורמתאקסצנטריתשהעמסהכךלבסיסו,מעבר ;'מ 11-כשלוחהמצוק

סמךעלספרתיות.ושיטותזטרמיניטסיותשיטותביןשילובעוויחנקהרהמצוקשליציבותובבסיסו.
למצוק.תמוךותנכיתתנבנההאלניזהממצאי

במבחניוההסעההזרימהשליתידיסקרטסדקיםרשתבשיטתממידולתובנות
סדוק.בקרטוןאברותימרוביוסמניםשאיבה

 2א.אדר 1ר.נתיב , 1ד.קורצמן

 76100,רחובותהבעריתהאוניברסיטההסביבה,איכותומדעילחקלאותהפקולטהומים,לקקרעהמחלקה 1
הפקולטהוהסביבה,הגיאולוגיהלמדעיוהמחלקהבוקרדשההמדבר,לחקרהמכוניםהמים,לחקרהמכוו . 2

שבבגנ.-גוריוו Iבאוניברסיטתהטבע,למדעי

חובב.ברמתהקרטוניאבקויטרזניסוייםאבתרזמניתבובארותבמספרנערכווסמניםשאיבהמחבני

המיזולשיטת .בארתשנערכוסזקיםסקריסךמעלבנרנזיסקרטיותסזקיםרשתותשלמוזלים
מוזליםלעומתםאברות.מרוביהיזרולייםמבחניםשלתוצאותלחזוייעיהלכלאהגתלתההסטוכסטית

לאה.מבחניםשלהתוצאותחלזוייעיליםהיואקוויוולנטייםזטרמיניסטים
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הסייסמיתהרפלקציהבשיטתהקרקעבתתכפעיליםהחשודיםהעתקיםזיהוי

י.שגיא ,.במדדב"ב ,.אפריזלדנר

 71100לוד 182ת.דל'שאול,הג'אופיס'המכוו

שלבמיפייהצירךאתהלעהפעילהשבירהשלבאזיריםלבנייהבהקשר 413ת"יהבניהתקןשלעזכיט
לאיתירהוניתניםהשטחפניעלבמחשיפיםביטייליזיאביםאיםנאשרכפעלייםהחשיזיםהעתקים

הסייסמית.הרפלצקיהשיטתבאמצעות

בארץאתוצהמדינתוניאיכותהערכת

א.רג Iצרב IIש ,.אפדל ,.'קי Oלב Oז ,.בפרלמו

 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו

מזינתוניזרושיםבגוהאוכלוסיהריכוזבעלילאזוריםוהןבוזזיםלבמניםהןסיסמיסיכיןלהערתכ
תאוהצ.מזי-65מהמירבכתמהרשתאקסלרוגרמית 50הגיאופיסיהמכיןביזיהיוםתאוהצ.

מקורירישוםגפמיכתיצאתלהשבתשעשוייםשנתוניםמכךנובעוזהנתוניםאיכותעהרכתלבצעיש
יישימם.אפשרויותמבגילאשר(אקסלרוגרמות)

קרבונטית?רמפהשלסטרטיגרפיהאויבשתיפניםאגןשלסטרטיגרפיה
הקנומןבמהלךהגלילמרכז-מערבשלסדימנטריניתוחשלראשוניותתוצאות
והטורון

 2ב.כבידנר Iב , n.1בבימיבי , 1ר.פרבק

 . 84105שבעבאר 653ת.דגור'וו-בנבג,בואונ'ברס'סתהסב'בה,ודמע'לג'אולוג'ההמחלקה . 1
 . 95501'רושל'ס , 30'שאולמלכ'הג'אולוג',המכוו . 2

אגןכמיציגותבבערפורשודג.לילבמרכז-מערביהטירוניותהלנןומנייתהליתיסטרטירגפייתהיחיזית
המשנתההומיקלינליתרמפהמאפייניתהפצילאייתשהחייזותמראההמחקרוצר.מוארךפנים-יבשתי

מצפין-האגןאתהתוחםסחניןתצירתשלהרזיזהזולומיטיושהליתופציאסקצהתלילתלרמפהבזמן
יטח-ירקא.המעברלאזורהשייכיםפתוחיםשלהמיפלגייםטורביזיטיםמרצףלמעשהבנוימערב
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ומלאכותיטבעיחולביןהשוואה-רוויבתווךחלקיקיםתנועת

א.יקירויץ ,ב.ויסברוד ,ק.פישר

ע"שהמדברלחקרהמגוב'סהמ'ס,לחקרצוקרברגמגווסב'בת'ת,ומ'קרוב'ולוג'הלה'דרולוג'ההמחלקה
בבגנגו'רוובואוב'ברס'טת'.באלושט"ו,

שלהסעהוניסוייעמודותלאריזתוניקוישטיפהתהליכישעברבחולמשתמשיםקרובותלעיתים
העבודהתוצאות .החלקיקיםבתועתעלהניקויתהליךהשפעתאתבוחןזהמחקר .בתווךחלקיקים
המצטברתהחלקיקיםוכמותהחלקיקיםבתנועתמובהקלשירביגורםהחולניקויתהליךכימראות

קטבים.בחלקיקיםבמיוחדמובהקיםבמצאוההבדליםבעמודה.

רדיומטרימתיארוךראיהחזקיהו:בתקופתנחצבהאכןהשילוחנקבת

 3 '.גרוזאבנום , 2א.שימרוו , 1ע.פרומק'ו

'רושל'סהבער'ת,האוב'ברט'טהלג'אוגרפ'ה,המחלקה . 1
 95501'רושל'ס , 30'שארלמלג'הג'אולוג',המגוו . 2
בר'טב'הדר'גג,אוב'ברס'טת . 3

אתהמכסההקדוםהטיחבתוךאורנגיחומרשל 14פחמןשיטות:בשתיידינועלתוארכההשילוחנקבת
שתישנחצבה.לאחרבתוכהשהושקעוספלאותמיםשלואורניום-תוריוםודפנותיה,הנקבהקרקעית
עקיף.לתיארוךבעברששימשווהפליאוגרפייםההיסטורייםהנתוניםאתמאשרותהשיטות

חבורתואבקוויפרהנוביתהחולאבןבאקוויפרגבוהיםראדיואקטיביותריכוזי
בנגב.יהודה

 , 2ז.יובגרייס , 3א.פבקרטוב , 2ב.'ער'גז'ת , 3ש.אלחבב' , 2ג.חקיו , 1א.בגוש II , 1ב.פר'

 1ה.דבבגלי

 84105שבעבאר 653ת.דבבגנ,גו'רוובואוב'ברס'טתוהטב'בה,הג'אולוג'הלמדע'המחלקה . 1
 81800'בבהשוקר-גער'ב'למחקרהמרגז . 2
 20365ת.דבא'בתל 4המסגרהמ'סבצ'בות . 3
ארה"ב. 94305-2115קל'פורב'הסטבפודרוהסב'בההג'אולוג'הלמדע'המחלקהסטבפודראבוברט'טת . 4

ובאקוויפרהנוביתהחולאבןבאקוויפרקידוחים 60בכ-בנדקווראדוןראדיוםשלאקטיביותריכוזי
אחוזים).(בעשרותוהאירופיהישראלימהתקןהחורגותרמותנמצאואלהבמיםיהודה.חבורת
השוניםהנגנמוניםבזיהויעוסקהמחקרמים-סלע.מאינטראקציהונובעטבעימקורוזהחריגריכוז

אלה.במיםבגוהיםראדיוםריכוזיהמעודדיםוהמאפיינים
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הערבה-רחםנחלשלהסחףבמניפתלניאוטקטוניקהגיאומורפולוגיותעדויות

המלח.יםטרנספורם-הדרומית

 , 2י.ע.',אילר.',זילברמן,עמית 2ע.',רפאפורטב,פורת

ירושלים , 30ישאולמלכירח'הגיאולוג',המכוו . 1
 84105שבעבארגור'וו,בואוג'ברסיטתוהסב'בה,הג'אולוג'הלמדע'המחלקה . 2

רחםחנלשלהסחףמניפתהתפתחותצעירה.לטקטוניקהעדויותנמצאורחםנחלשלהסחףבמניפת

יוטבתההאנגיםביןסטרוקטוראליסףעללמיקומההקשוריםטקטונייםתהליכיםשלמשילובהושפעה
מיקומהשלמרותעולהמהמחקראותה.ומבגיליםהחוציםהשבריםולמערכתתמזשברלביןועברונה,

בפליסטוקןאירעוהשבירהאירועירובושבירה,הרמהשלבתהליךנמצאתהמניפהבמרחב,היציב
בהולוקן,ברובוהתרחשכנראההמניפההרמתשתהליךבעוזההולוקןותחילתהעליון

מלחיםוהשקעתלאידויעיקריכגורםבקרטוןסדקיםבתוךאוירקונבקצית

 2מ.ךראגילה "ב.וויסברוך "מ.פילרסךורף

המחלקהצוקרברג,ע"שהמ'םמכוובאלוגשט"ו,ע"שהמדברלחקרהמכוובגנב,גוףוובואוג'ברס'טת . 1
בוקר.שדהמדרשתהסב'בה,שלומ'קרוב'ולוג'הלה'דרולוג'ה

ארה"ב.אורגוו,קורבל'ס,הקרקע,למדע'המחלקהארגוו,שלהמד'גהאוג'ברס'טת . 2

עםשבסזקהאווירמתחלופתכתוצאהבקרטוןסזקיםמזפנותמלחיםוהשקעתאיזוישלתופעהנחקרה

ובשנייהסזקבתוךהאווירתכונותנמזזובאחתמזיזה,תחנותשתיבבנוהניסוילשם .שבחוץהאוויר

 .בארבתוך

זמןהפרשיעלבהבתסססיסמיאיכןן

פיבסקיו.

 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכון

זמןהפרשיבעזרתנערךאשרבוזזיםאירועיםשלמוחלטאיכוןעלהמתבססחזשבולטיןמציגיםאנו
מהירויות.מוזלזורשואינובלבז
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סיסמיתטלמטריהנתוניאוטומטילעיבודחדישהתוכנה

א.הופשטטר ,.ופינסקי ,.אפולוזוב

 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו

ע"יהיוםפפותחאשרבולטיןלהפקתסיספיותתחונתוקבוצותרשתתננויכללילביתוחפיועדתהתוכהנ
בפגווןסיספיתטלפטריהבתוביקריאתפבצעתלסביבה,היזיזותית.התוהנכ,לישראלרג.יאופיסיהפכון

שוונת.גראפיותבצורותגפישהותצוגםתהל~יפיםפורפטים

לבדיקהמדדים-כורכרברכסתבעורהמנהרת

ב.צליפולישוק

 43613ערננה, 17החושרהמנהרות, .'.'.א.ד

הפרדיםבאפצעותהיתנכותבזיקתפחייבעירוביבשטחכורכרברכסרזדוהתעבורהפהנרתביצוע

רעשוהתפעול,ההקפהבתקופתהסלעבפסתרטטהנמהרה,הקפתבתקופתהקרקעשקיעתהבאים:
ההפעלה.בתקופתאווירוזיהוםההפעלה,בתקופתובעיקרההקפהבתקופת

הפעיללערוץמתחתקבורהולוקןעדעליוןפלייסטוקןמגילבעהפלוביאליחתך
ציןבבקעתציןנחלשל

 3ע.אוול , 1,2י.,אבני 1נ.פורת

 95501'רושלים , 30ישאולמלכ'הגיאולוג',המכוו . 1
 80600רמוומצפה 194ת.דרמוו,מדעמרכז . 2
נבגרותם-אמפרט . 3

בשיטותשתוארכיזוגפאות 4 .וחילקיגנליפרטשלפ' 25בעוביחתרחשףפוספטלרכייתשבחפרביר
לנפילשקועהחליסזיפבטיםהביקוזאגןבפעלהשהנ. 10,000ל- 70,000ביוגיליםתנבובלופיבסצניה

חלקיםשלבגתובההבזליםשקייפיםכראירוזיה,עוברהאיזורשבה 25,000פ-החלארשבה 70,000
אקלים.שיוניילאוםתהביקיזאגןשלשובים
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חדשהשיטהיישום- ) PSlnSAR (קבועיםמחזיריםשלאינטרפרומטריה
הכרמלוהעתקחיפהבאזורהשטחפנישלמעוותלמדידת

 3ג.,שמיר 1י.אייל , 2ג.בר , 1.2ר.נוביצקי

 84105באר-שבע 653ת.דבנבג,גור'וובואונ'ברס'סתהסב'בה,ומדע'לג'אולוג'ההמחלקה . 1
 95501'רושל'ס , 30'שאולמלכ'רח'ל'שאול,הג'אולוג'המכוו . 2
 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו . 3

נמדדזבולון,עמקוכןבצפוןחיפהועדבדרוםיוקנעםמאזור-הכרמללהעתקהסמוךבאזורהמעוות
התאמהלמצואניסיוןנעשה .) PSInSAR (קבועיםמחזיריםשלאינטרפרומטריהבשיטתשימושתוך
יציבותסייסמית,פעילותחיפה),נמלאזור(עבורמי-תהוםמפלסלשינוייהנמדדתהדפורמציהבין

 .טקטוניומודלמדרונות

לתהליכיאיזוטופירקורדטרודוס:באופיןליטעןקביםסרפנטיניזציהאירועי

מאוחריםהצבהותהליכיאוקיאנייםפתיחה

 4א.מתיוס , 3ג.'וו,ואלי , 2מ.אבלסון 1 .,קציר , 1פ.נוריאל

 84105שבעבאר 653ת.דבגנב,גוףוןבואונ'ברס'סתוהסב'בה,הג'אולוג'הלמדע'המחלקה . 1
 95501'רושל'ס , 30'שאולמלכ'רחובהג'אולוג',המכוו . 2
ארה"במד'סוו,וו'סקונס'ו,אונ'ברס'סתוג'אופ'ז'קה,לג'אולוג'ההמחלקה . 3
 91904'רושל'ס,הבער'ת,האונ'ברס'סההאץר,כדורלמדע'המכון . 4

זאיפירשלכראשונחשבטרוזוס,אופיוליטשלאהולטרה-מאפימהקומפלקסחלקהמהווההסרפנטיניט,מחשוף

 .) Rס bertsס n , 2000 (בפלייסטוקןלקפריסיןמזרוםשהתפתחהפחתהאזורמעלשנוצר
טקטוניותסביבותבשתילפחותהתרשחההסרפנייטזציהכימאריםזהבמחקרשהתקבלו 8Dו- 8180ערכי

 .בפלייסטוקןאהופיוליטשלההצבהולתלהיךבקרטיקוןאוקאינייםפתיחהלתלהיכיהקשורותשונות

חיפהבמפרץאדמהרעידותסיכוניבהערכתפתוחותבעיות

ע.סלמון

 95501'רושל'ס, , 30'שאולמלכ'רחובהג'אולוג',המכון

ובעיותמורכבתסיכוניםתמונתיוצריםבסביבתוהאינטנסיביוהבינויחיפהמפרץשלהגיאולוגיהמבכה

וצואבמי.התנזלותמדרונות,יציבותהתאוצות,הבגרתפעילה,העתקההם:הסיכוןגורמיהסיכון.בהערכת
אלהלבעיותיתייחסאדמהלרעידתלהיערכותההיגויועדתבמסגרתאלהבימיםנערךאשרהסקר

משתמשים.שלרחבמגווןעבורמסכמותבמפותיוצגווממצאיו
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המלח,ביםלבורותבהקשרוהתפתחותםקרקעייםתתחלליםיציבות

 2מ,אבלסון , 1א,עגנון , 2לייחובסקיו, , 1,2א,מימון

'רושליס,הבער'ת,האונ'ברס'טההאץר,כדורלמדע')המכוו 1
'רושל'ס.ל'שאול,הג'אולוג'המכוו ) 2

צורת .) llואופן 1(אופןנכיעהאונפילשניביחסנומרימודלבעזרתבנחהנקרקעייםתתחלליםיציבות
המודלבעזרתבנחנועליוהפועליםהמאמציםויחסיאותו,הסובבהחוםרתכונותועומקו,גודלוחלל,

קשתימבנהעלונשעןהמתפתחהמלחבשכבתפעמוניבורנוצרלרב,מהשדה.תצפיותמולועומתו
הקלאסטיים.בסדימנטים

שייקאלגוריתםבעזרתניסיוניתאתרתגובתפונקציתהתאמת

 .'זסלבסקי ,.ממיקבנרג

 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו

רקע.רעשממדידותלאנכיאופקיספקטראלייחספונקציתמקבליםנקמורהשיטתבעזרת
אלגוריתםבעזרתחד-ממדיתאנליטיתאתרתגובתפונקציתשלראשוןמודלהערכתמשמשתהפונקציה

שתיביןםרביתהתאמהמספקיםאשרהמודלשלהפרמטריםאתבוחרתהמוצגתהתוכנהשייק.
 .בצורתןםגאלאוהבגרהתדרבערכירקולאהפונקציות

סדימנטריםסלעיםשלהמכניותהתכונותעלגרגריםב'ןהמגעאופיהשפעת

חצורח.יוסף ,.ופלצ'יק ,.שמנור

 84105שבעבאר 653ת.דבנגב,גור'וןבןאונ'ברס'טתוהסב'בה,הג'אולוג'הלמדע'המחלקה

המכניותהתכונותעלחזקההשפעההגרגריםביןהמגעיםלאופיכינמצאהסלעבמנכיקתרביםבםחקרים
שלהםכניותהתכונותעלגרגריםביןהמגעיםורציפותאורךהשפעתאתבחנוזהבםחקרהסלע.של

-40ו MPa 20שלהידרוסטטיבלחץוגירחולאבןדוגמאותנדחסוכךלצורךסדיםנטרים.סלעים
MPa , ובמיקרוטקסטורה.הםכניותבתכונותהשינוייםובנחנו
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המלחיםבאזורחלקיקיםוהסעתתהוםמילתנועתכסמניםעוקבים

י.יחיאלי ,.בויסברוד ,.עמגל

 95501'רושל'ס , 30'שארלמלכיהג'אולוג',המכון . 1
לחקרבאלושט"ןמכוןמ'ס,וטכנולוג'תלמדע'המכוןומיקרוב'ולוגיה,סב'בתיתלה'דרולוג'ההמחלקה . 2

בנבגגוףוןבןאונ'ברס'טתהמדבר,

יםלחוףשוניםבאזוריםחלקיקיםוהסעתהתהוםמיזרימתמהירותאתלהעריךמנסההנוכחיתהעבודה
והסעתעוקביםסוגימספרשלספיחהניסיונותנעשוכךלצורך .) tracers (עולבויםבעזרתהמלח

ראשוניותתוצאותמהולים.המלחיםלמיועדהמלחיםמיממליחותנעהשמלחיותםבתמיסותחלקיקים
המלח.יםמיכגוןמרוכזותבתמלחותגםבמעבדהבעמודותחלקיקיםתנועתעלמראות

שלההמושכלובפיתוחהארץבשימורהגיאולוגשלהמפתחתפקידי

ע.מזור

 76100רחובות , 26ת.דלמדע,ו'צמןמכוןאנרג'ה,ומחקר'הסב'בהמדע'

שישהציבוריתההכרהלאורוזאתניכרת,במידההגיאולוגשלהפעילותמרחבהתרחב-21הבמאה
הורשתשלהמוסריהצווולמילוישלנוהחייםאיכותלהעלאת-בהםפגעטרםשהאדםהנוףאתילשמר
בלבויעתלהשתתףועלינוכיוםידייםרחבתהגיאולוגתפקידימשרעתהבאים.לדורותבראשיתנוףפלחי

השונים.השטחתאישלהמושכלהפיתוחמולהשימורלממשקהמיטביהפתרוןומתןהעדיפויות

קודהגלישלספקטרהבעזרתסייסמיומומנטאנרגיהביןקבועלאליחסעדות

 2ר.הופשטטר , 1ו.וולטר , 1ר.גוק , 1ק.מיידה

ארה"בל'ברמור,בל'ברמור,הלאומיתהמבעדה . 1
 71100לוד 182ת.דלישארל,הג'אופ'ס'המכוו . 2

קודה.גלישלספקטרהבעזרתסייסמיומובמטאנרגיהביןקבועלאיחסלקיוםעדותמציגיםאנו
אלועדויותוארה"ב.טורקיהאילת,במפרץשהתרחשוחזקותאדמהרעידותמארבעבנתוניםהשתמשנו

שונים.ביחסיםהמאופייניםהשבירהומהירותכשבירהוחלשותחזקותרעידותביוהבדליםישכימעידות
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המלחוםשלואנרגוהמלחהמום,מאזנו

 1א.בגריאלי , 2א.גרטמן , 1ו.לייחובסקי , 1 .,דבורקין , 1נ.ג.לנסקי

 95501ירושל'ס , 30ישארלמלכירח'הגיאולוגי,המכוו . 1
 31080חיפהשיקמונה,תלבע"מ,לישראלואגמ'סימ'סחקר . 2

רקעעלבפרטהים,הנתהגותהמשךאתלהעריךכדינחוציםהמלחיםשלונארגיהמלחהמים,מאזני
מקרקעיתהמיםוספיקתהאידויקצבאתמחשביםאנוהמאזניםהצבתידיעל .המהירההמפלסירידת
יםהנתהגותעלשמשפיעיםהעיקרייםמהגורמיםוהםישירה,מדידהבריאינםאלוגדליםשניהים.

המלח.

בושראלקרקעתנודותיחסי

 2ד.ושטיינברג 2צ.אברהם,בן 1ר.הופשטטר , 2ט.מאירוב

 71100לוד 182ת.דלישארל,הגיאופיסיהמכוו . 1
 69978אביברמת 39004ת.ד.אביב,תלאוניברסיטתפלנטףיס,ומדעיסלגיאופיסיקההחוג . 2

חזקותאדמהשרעידותמראההיסטוריתיעודנמוכה.יחסיתובסביבתהבישראלהסיסמיתפעילותרמת
בתתסיסמייםגליםשלניחותיחסילקבלתלכןרב.והרגלנזקגרמורעידותומספרבאזור,מתרחשות

שלכפונקציהאדמהרעידתעלבהבתססקרקענתודותניחותשללבויעהרבה.חשיבותישהקרקע
סיסמיים.וסיכוניםהנדסילתכנוןחשובהתדירות
רעידהמקורביןמרחקשלכפונקציהישראלאבזורקרקעתנודותלחקורהפרויקטשלהעיקריתהמטרה
תנודותיחסילפתחכדינדירות.ישראלבאזורחזקותאדמהמרעידותנתוניםהנתודות.ותדירותלתנחה

 Yazd ) 1993 (שלזאתעלמבוססתהשיטהיותר.חלשותאדמהמרעידותבנתוניםמשתמשיםנאוקרקע
במודלנשתמשאנוזאת-גבישה Malagnini et al ., ) 2000 (.ו Raoof et al ., ) 1999 (ע"יומתוארת
אפשרלחילופיןשונים.במרחקיםהקרקענתודתומשרעתהספקטרוםחיזוילצורךדירוגובחוקהמקור

מתאריםאשרפרמטריםובעזרתחלשותאדמהמרעידותנתוניםבסיסעלהקרקעתנודותיחסיאתלקבל
הקרקע.תנודותאת

ביןישראליתסיסמיתהרשתע"ינקלטואשרלוקליותאדמהרעידות-1500כבנחרוהאנליזהלביצוע
של-בגמניטודהאירועים 100,4.0עד-3.0שלבמבגיטודהאירועים 600מתוכם . 2004-1984השנים

-5.0מגדולהבבגמיטודהאירועים 10ו 5.0עד 4.0
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לעתידואתגריםבארץמבעודותדוגמאות-למנהורסלעמסתסווג

מ.לוין

וגיאוטכנ"סגיאולוגיסקריס O-לויומ.

מבוצעיםבארץמנהרות.לתכנוןוהנדסיגיאסקרמעריכתכחלקהכרחישלבהינולנמהורלסעמסתסווג

העוברותרבכתנמהרותשלמבוטללאמספרבתכנוןנמצאיםוכןמנהורשלפרוייקטיםמפסרכיום
 ) Q (Barton , 1974שיטתכדוגמתהמקובלותהסווגבשיטותלהשתמשמקובלהיהכה.עדסלעבחתך
 GSI (Hoek et alשיטתםגלשימושכננסתלאחרונהכאשר ) RMR. (Bieniawski , 1989ושיטת
למתנכןמאפשריםאשרמספרייםערכיםלקבלבאפשרותהיאמובנותבשיטותבשימושהיתרון .) 1995

בעיקרהוא.החיסרוןהנדרשהתמוךוזמןהחלליציבותמבחיתנהסלעמסתתגובתאתלהעריךהמהנרה
שלהמקומיותההשפעותביטוילידיבאיםלאלעיתיםכאשרצר,לתחוםההנדסיתהחשיבהבתיעול
מדגישהלדוגמאהאוסטריתהסווגשיטתוקשיים.תקלותעםלהתמודדותוהדרכיםהגיאולוגיםהתאנים

הכרייהבזןמומאמציםתזוזותמדידתשלהשימושאתמרחיבהובהתאםהסלעמסתתגובתחשיבותאת
חוזיתהתקשרותשיטתמחייבכזובשיטהשימושהביצוע.בזמןוהתמוךהכרייהשיטתשלהתאמהתוך

העתהגיעהטרםהנראהכפיאשרמשנתהוציודרבניסיוןבעליוקבלניםסיכוניםחלוקתתוךמגישה
 .בארץמלאבאופןליישמה
מבכישכחלקשבוצעומ' 460באורךחדידנמהרותהראשוןנסקרים.מנהורשלפרוייקטיםשלושה
בביצוע.מ'הנמצאות 310שלבאורךבצנרתקדומיםמהנרותהשנישמן.בןמחלףבאזורישראלחוצה

סלע,מסתסווגשלבקשייםתעסוקההרצאההתנכון.בשלבהנמצאכרמיאלעכורבכתפרוייקטהשלישי
 .לעתידואגתריםהאפשרייםבפתרונותהסלע,גתובתבחיזוי

ופאוניסטיסדימנטרי:ניתוחאכזיבאבזורהימיתהקרבונטיתהמערכת

 2ב.בובביךנרי 1ח.בנימיניי 2א.אלמוגי-לבין , 1,2זלרש.

 84105שבעבאר 653ת.דגוריוו-בבגנ,בויטת Oאוניברביבה, Oהומדעילגיאולוגיההמחלקה . 1
 95501ירושליס , 30ישארלמלכירח'הגיאולוגי,המכוו . 2

פיעלמטר 0- 30העומקיםבטווחאזוריםתתילחמישהמתחלקזומערכתשלהסדימנטריהחתך
עםחלקיתמותנגלגורביתסביבה ) 2 (רדודהחופיתסביבה ) 1 (וביולוגיים:סדימנטולוגייםקריטריונים
הסילטי-חוליהמדרוןסביבת ) 5 (התלולהכורכרמדרוןסביבת ) 4 (הכורכראייסביבת ) 3 (רודוליתים

המתון.
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תהליכיםבחינתישראל:שלהיבשתבמדף"דלתה"מבנהשלמחדשהערכה

העמוק.לחתךוהקשרםנאו-טקטוניים

 2 .,בן-גיא , 1מ.רשף , 1צ.בן-אברהם , 1ד.לוין

 69978אב'ברמת 39004ת.דאב'ב,תל'סת Oאונ'ברפלנסר"ם,ומדע'ם'קה Oלג'אופ'החוג . 1
 71100לוד 182ת.דל'שאול,הג'אופ'ס'המכוו . 2

השנים,במהלךשכנותובמדינותבישראלהיבשהבאזורהסוריתהקשתמבכיעלנעשורביםמחקרים

הכרמלמבכהשלטקטוניותבעיותבפיתרוןאוהסדימנטריבמבנהבעיקרעסקוביםשנעשוהמחקרים
מקוק"מ-20כנבתיה,חופימולהיבשתבשולימצויהמחקראיזורהים,לכיווןמהיבשהשבריםוהמשכי

שהואהונחאשררבוור,מבכהשלשמוהוא"דלתה"מבכהק"מ, X4030כ-שלשטחמכסהוהואהחוף,
שנתבאמצע"בלפטקו"חברתידיעלונקדחנחקרהנ"להמבנההסורית,הקשתמבנילמערכתשייך

נילוטיים,פליו-פלייסטוקנייםסדימנטיםיתדתחתקבור"דלתה"במנהונפט.גזחיפושילמטרת 1970
סייסמיים).בחתכים M,Nבסימון(ידועיםהמערביבצידומסינייםאוופוריטיםנוספיםואליהם

היא,והאםהמחקראבזורמתמשכתטקטוניתופעילותדפורמציהקיימתהאםלבדוקהיאהעבודהמטרת
קויםשלק"מ-450כפענוחעלהעבודהמתבססתכךלצורך"דלתה",שלהבולטלמבכהקשורה

עלמכוילהסייסמיהמידע ." horizon", "Isramco-91 "בסדרותאבספואשרערוציים,רבסייסמים,
ההפרדהכושרהגדלתלצורךבנחריםבחתכיםייעודינתוניםעיבוד.יבוצעבאזורשנעשוקידוחים 3ידי

אופקיםשלאינטרפטציההןראשוניותתוצאותהעמוק.בחתךהפענוחיכולתושיפורהרדודבחלק
ניתןלאזהבשלבאולםהפליאו-פלייסטוקניהחתךשלאיזופחומפתהמחקר,באזורעיקרייםסייסמים

השבירה.אופיעלברורהמסקנהלגבש
שלהיבשתבשוליהנדסיתתשתיתוכןסייסמים,סיכוניםבהערכתביטוילידיבאההמחקרחשיבות

ישראל.

17 



הכינרתמבקע C14ואורביום-תוריוםידיעלידים Oמלבופקונכיותתיארוך

 4מ.שטיין 3י.הלר , 1ש.מרקו , 2א.בוארטו , 1,2,4ל.לב

 69978אביברמת 39004ת.ד.אב'ב,תלאוגיברס'טתפלגטף'ס,ומדע'סלגיאופ'סיקההחוג . 1
 76100רחובותלמדע,ויצמומכוואגגריה,ומחקר'הסביבהמדע' . 2
 91904ירושל'סרס,בגעתקמפוסהבערית,האוגיברסיטההחייס,למדעיהפקולטה . 3
 95501ירושל'ס , 30ישארלמלכירחובהגיאולוגי,המכוו . 4

לערכיהשוואהתוךחיים,מלנופסיזיםעלהןהתצבעהכינרתבקעמאזורמלנופסיזיםקוכניותתיארוך
תוצאות .תלייבלתימתיארוךגילקייםעליהםמאונבים,מלנופסיזיםעלוהןחייםהםבהםהמים

המיםגוףלשהמארגזמןיזיעתכןועלבמיםמקורוהארגוניטיתבקוכניההפחמןכימראותראשוניות
בשיטתמאונביםמלנופסדייםתיארוךמזויק.גילוקבלתזהזמןשלהפחתהתאפשרהמלונפסיזגזלבהם

גיל-הרגרסיהבשיטתשימושיזיעלוהןזוגמאותעלבוזזיםגילאיםיזיעל(הןאורניום-תוריום
שבכה.מאותהאורנגיחומרתיארוךיזיעלשהתקבלולגילאיםיפההתאמההראהאיזוכרון)

מדברתחתומלוחיםמליחיםמתוקיםיתהוםמיביןהמרחבייםים Oהיחמיפוי
העמוקה TDEMה-שיטתאבמצעותיהודה

 1ח.בגירצמן , 2מ.גולדמן , 1א.לוי

 91904ירושל'סהבערית,האוגיברסיטההאץר,כדורלמדעיהמכוו . 1
 71100לוד 182ת.דלישארל,הג'אופיסיהמכוו . 2

אוהם- 5-15 (נמוכהחשמליתהתגנזותבעלתשכבהשלקיומהעלמלמזיהוזהבמזברגיאוחשמליסקר
ונעמשנתההשכבותביןהמערב .אוהם-מ) 50-500 (בגוההחשמליתהגנתזותבעלתשכבהמתחתמ)
למימתוקיםתהוםמיביןמבערעלמלדמנכראהוהיאהשטח,פנימתחתמ' 500-1000העומקיםבין

מליחים.תהום

למציאת ) Discontinuous Deformation Analysis )DDAבשיטתשימוש
ף Oתאוצותוחישובארכיאולוגייםבאתריםבלוקיםקשתשלהכשלמבגבון

טוריות. Oהיאדמהברעידות

 2ש.מרקו , 1י.חצור , 1ר.לוי

 84105שבעבאר 653ת.דבבגנ,גוףוובואוגיברס'טתוהסביבה,הגיאולוגיהלמדעיהמחלקה . 1
 69978אביברמת 39004ת.ד.אביב,תלאוג'ברסיטתפלגטף'ס,ומדע'סלגיאופיסיקההחוג . 2

מנבהנמרוז).ומבצרבממשית(נצפהבלוקיםבקשתבוזזבלוקהחלקתשלבמקרהמתמקזהמחקר
יחזהעולם.ברחביחוקריםבקרבנעייןמעורר,ולכןביותרוהנפיציםהעתיקיםהנבמיםאחזהואקשת
כמוזינאמיתלאנליהזנומריותבשיטותשימושילכןמזויק,אנליטיפתרוןעזייןקייםלאזאת,עם

DDA אזמה.ברעיזתהקשתהנתהגותעלאורשופך
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שורקמערתשלבאווירהאיזוטופיוהרכבוהפחמןתחמוצתדוריכוז

 3ד.יקיר , 2א.איילון , 2מ.בר-מטיוס , 2 .,יחיאלי , 1 .,קרונפדל , 1מ.שטילר , 1 .•כרמי

 613690תל-באיב , 39040ת"דתל-בא'ב,אוג'ברס'טת . 1
 95501'רושל'ם'שארל,מלכ' 30הג'אולוג',המכוו . 2
 76100רחובות , 26ת"דלעדמ,ו"צמומכוו . 3

שורק.מערתשלבאווירהאיזוטופיוהרכבוהפחמןתחמוצתזוריכוזשלראשונותתוצאותמציגיםאנו
הגורמיםהמערה.לפניומהרחבהההסגחלות,באולםבמערה,אתריםממספראווירזוגמאותאס]נו

במערההמבקריםנשימותהםהמערהבאוירהאיזוטופיוהרכבוהפחמןתחמוצתזוריכוזאתהקובעים

הפחמן.תחמוצתבזועל-רוויםשהםהסטלקטיטיםמטיפטופיזליפהוכן

הואהריכוזהמערהבתוד .שבחוץמהאוויר 4פיעזהואהמערהבאווירהפחמןתחמוצתזוריכוז

 ppmהוא-13והפחמן C=-19%o13גרזינט/(בברוררואיםבמערבמבקריםאיןכאשר 1400
אולםוביןההסגחלות,ואולםהמערהביןשלו C13התכולתושלהפחמןתחמוצתזושל.ברכוז

אלמהאולםמבקריםבכיסתזמן(זהזקות 5משדפתוחההמערהזלת.כאשרהחפשיוהאוירההסגחלות
זרדםגלהיותיכולותזליפותכמוכןהאולם.אוויראלהמערהאווירשלחזקהזליפהנמזזתהמערה),
המערה.גגבהסזקים

הןמאזשוניםמסטלקטיטים)מיםמטיפותוזליפה(נשימותבמערההפחמןתחמוצתזושלהמקורותשני
ממ"ק 2000כתורמיםבשנההמבקרים 190,000 .האיזוטופיבהרבכהןהפחמןתחמוצתזובריכוז

היוהנשימותאילובמערה.הנמצאהפחמןתחמוצתזומנפח 60פישהםלמערההפחמןתחמוצתזו
הערן . C=_25%o13 (/שלאיזוטופילהרבכמצפיםהייטבמערההפחמןתחמוצתלזוהיחיזיהמקור
נראיתמהטיפטופים C13ביותרכבזההפחמןתחמוצתזושלתרומהולכן C=_19%o13 (/הואהנמזז
במערה. C13ושלהפחמןתחמוצתזושלמאזניםצניגאנובסירה.

אביב:בתלהחוףאקוויפרשלרוויוהלאהרוויבתווךנדיפותאורגניותתרכובות

ובמרחבבזמןשינויים

 4ר.מילטאו , 2ע.דהן , 2נ.ויסברוד , 2,3ד.רונן , 1,2ח.לב

 84105שבעאבר 653ת.דבבגנ,גוףוןבןאוגיברסיטתוהסביבה,הג'אולוגיהלמדעיהמחלקה . 1
בלאושט"ו,ע"שמדברלל'מוד'המכוןהמ'ם,לדמע'צוקרברגמכוןומ'קרוב'ולוג'ה,לה'דחלוג'ההמחלקה . 2

שבעאברגור'ון,בואוג'ברס'טת

בא'בתלהמ'ם,גצ'בות . 3
דגןב'תוולקג',מכווהחקלא',המחקרמגהלוהסב'בה,המ'םהקקרע,למעד'המחלקה . 4

שלגבוהיםריכוזיםנמצאובאתרהאחרונות.השניםעזתע"ששלמפעלפעלאביב,בתלמגןבאתר
מזיזותתקופתבמהלדהחוף.אקוויפרשלרוויהלאבתווןוהןהרוויבתווןהןבזיפותאורנגיותתרכובות

הממוקמיםקיזוחיםביןבמרחבושיטייםהקיזוח,באותוהתרכובותבריכוזיבזמןשיטייםנצפושנה,של

 .מהשביאחזמטרכשלושים
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-המלחיםבאזורהבולעניםסיכוןלהערכתגיאופיסיותשיטותמכלולשליישום
מחקרשלראשוןשלב

מ.יזרסקי

 71100לוד 182ת.דלישאול,הג'אופ'סיהמכוו

מיקרוגרביתי , ,GPRסייסמית,(רפרקציהגיאופיסיותשיטותמספרהמשלבתהמערכתיתהגישה
מתופעתהנובעיםהסיכוניםעםיותריעילההתמודדותמאפשרתזו;אתזוומחזקותהמשלימותוכולי),

המחקר.שלהראשוןהשלבבמסגרתושונותחדשותתוצאותמציגהמאמרהמלח.יםבחוףהבולנעים

כשלטיפוסיהמפרטותראשוניותתוצאותמורעדת;חולבקופסתמדרוןגלישות
(שטח)וגודלנפיצותשלמעריכיויחס

 2ע.,אהרונוב 1ע.כץ

 95501ירולש'ס , 30'שאולמלכ'רחובהג'אולוג',המכון . 1
 76100רחובות , 209זוסמןלמדע,ו'צמןמכון . 2

אופקיאואנכיבכיווןמים)משללוי 1% (רטובחולערימתעםקופסה ) 0.2-1.2gהרץ, 10 (הרעדנו
מצאנו.נבוסףההרעדהכיווןהגלישה:טיפוסאתהקובעחדשגורם.מצאנוהמדרוןלכיווןניצבאומקביל

(שטח)וגודלהפניצותבין 1בקירובשלמעריכייחסעםבלוקיםגלישותיצורתאכניתהרעדהכי
הבלוק.

הערכתאדמה;רעידתבעתחיפהןבעירהכרמלרכסבצפוןמדרוןגלישות

גיאוגרפיתמידעמערכתבעזרתהצפןיהכשלןטיפוסהסכנה

 ,.גע.,פנחסיע.,אלמוגכץ

 95501'רושל'ס , 30'שאולמלכ'רחבוהג'אולוג',המכון

בעזרתנותחוהצפויהכשלוטיפוסאדהמרעידתבעתובחיפההכרמלבצפוןמדרוןלגלישותהסנכה
יהודה.חבורתגגלשסטרוקטורליתומפהגיאולוגיתמפה , D.T.Mהםלהערכההבסיסרובדיממ"ג.

לכשלתרחישומפותלכש)לקריטית(תאוצהרגישותמפתהצפוי,הכשלטיפוסמפתהםהתוצרים
הכרמל).העתקעל 6.5(למשל,צפויותברעידותמדרונות
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שמונהבקריתקרקעותנודותאתרתגובתהערכת

 ,.וגילר ,.ט,אקסיבבקומ.גושרטיין ,.מקלמבוביץ' ,.ממיקבברג ,.גאטייב ,.'זסלבסקי
א.שווצרבורג ,.'דן ,.ד,גילר .'ליבשיץ ,.בפרלמן

 71100לוד 182ת.דלישארל,הגיאופ'ס'המכוו

מדידה.נקודות 280בעזרתקרקעתתמנבהלשחזורשימשווהבגרהתהודהתדרהתפלגותנתוני
ומפות.גיאולוגייםחתכיםבצורתהוצגוהתוצאות

שוהנ.מחזירהשבכהבעליבהעתקיםהמובגליםנבמיםבשלושהלרב.חיןניתןמחזירהשבכהעומקבמפת
 .)'מ 200עד-l0(ממשמעותיבאופןמשנתיםהשבכותעוביערכיכיהראותוצאותינו

המלחיםבחבורתהגרגרדקהקלסטיהחומר

 . 1א.סטריבסקי, , 2מ.שטיין, , 1,2ע.כהן,-חליוה

 91904ירושל'סרס,גבתעהבערית,'טה Oהאוניברהאץר,כדורלמדע'המכוו . 1
 95501ירושל'ס , 30ישארלמלכירח'הגיאולוגי,המכוו . 2

המלחיםמתצורותרגרגדלודטריטייםבסדימנטיםנמדדו S6 87Srן Srויחסיהפטרורגפיההמירנלוגיה,
תוצרהואהמלחביםהסדינמטהרבככינמצא .ולסת Uשיטפו-אפשרייםאספקהוממקורותהשונות
הכוללמקומיומרכיברבממרחקהניקוזאגןשטחאלהמובלאיאולימרכיבקצה,מרכיבישניביןערבוב

המקומיהמרכיבותרומתבפלייסטוקןשולטתהאיאוליהמרכיבתרומת .הניקוזאגווסלעיקרקעותאת
היום.עדבהולוקן,

תגובתלהערכתהקרקעתתותכונותמבנהלמיפויסיסמיותשיטותיישום

האתר

מ.יזרסקי

 71100לוד 182ת.דלישארל,הגיאופ'ס'המכוו

האנכיתההתפלוגתמיפוי-בקידוחיםמהירויותומדידתסיסמיתרפקציהקסרישלוניתוחסקירה
הערכתלשםהקרקעבתתהשונותבשכבות ) S (וגזירה ) P (לחיצהגלימהירויותשלוהאופקית
 .) Site Specific Response (אדמהרעידותבהתרחשהאתרתוגבתפונקציית
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כנרותבקעתבשוליצעירהלשבירהעדויות

ש.מרקי ,.בלר Oיק

 69978אב'ברמת 39004ת..דאב'ב,תלאונ'ברס'טתפלנטף'ם,ומדע'םלג'אופ'ס'קההחוג . 1

לליסאן,מאוחרתצעירה,שבירהעלמראותתל-קצירבסביבתשנערךפלאוסייסמימחקרשלתוצאות

וכןהכינרת,חוףוליזתל-קצירסביבאתריםאברבעהומופונחפרותעלותובשוליה.בכרותבבקעת
המפלסלתקופתמאוחרתהשבירהכי.נמצאגזרחמת-מעגןבכישעלהליסאןתצורתשלמחשוףמופה

שנים.אלף 24-26לפניהליסאן,אםגשלהגבוה

צפון-מזרחהגולן,ורמתהחרמוןשלההידרולוגיתבמערכת 345/325יחס'
ישראל

 2ה.ן oניל , 1יקשלא.

 . 76100,רחובות 12ת..דב'רושל'ם,הבער'תהאוניברסיטהתהום,מילחקרפיקדוליאומרכז . 1
גרמנ'ה.גט'נגו, , 1גולדשמ'דטרחובגט'נגו,אונ'ברסיטתשלהגיאוכ'מיהמכוו . 2

שלההיזרוגיאולוגיותהמערכותאתיותרטובלהגזירמאפשרים 34S/32Sגפריתשלאיזוטופיםיחסי
כאןמובחניםהוגלן.רמתשלהוולקניובפלטוהחרמוןשלהקרבונטי-קרסטיבבמהנהירזןמקורות
עלגפריתשלעונתייםחיזורותהליכיאבפוריטיםהמסתושלג,גשםמיתרומתשלמשולביםתהליכים

הבזלתיות.הקרקעותפני

ודוגמאותשיטותאתר:תגובתתופעתשלמחקרשנותעשר

י.קי Oלב Oז

 71100לוד 182ת.דלישארל,הג'אופיס'המכוו

ועזיםהמיאתרים 70מעליזינועלנחקרוקרקעתנוזותהגברתשיעורלהעריךבמטרההחרון,בעשור
ערים.מספרשלסיסמייםלאזוריםחלוקהמחקרינערכווםגחזשהלנבייה
סיסמייםסיכוניםהערכתלביצוערקערעשממזיזותספקטראלייחסשיטתפותחהמכךכתוצאה
 .בגוהאוכלוסיהריכוזבעליעירונייםבשטחים
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הנבגבצפוןותמראבנוןפרטישלההשקעהמחזור

ח.בנימיני ,.רולד

 84105שבעבאר 653ת.ד.בנבג,גוףוובואונ'ברס'סתוהסב'בה,הגיאולוג'הלמדע'המחלקה

בסטרטיגרפייתהיעזריתתיןפליאיאקיליגי,בהקשרמחדשבנחןהגנבבצפיןאנבין/תמרההשקעהמחזיר
דימינה,הבגנ:בצפיןיריםתתי-איזבשלישהעמידייםחתכיםעשרהנדגמוהעבודהבמסגרתרצפים.
ביטרייבטית,מעקהכתוצאהביובגיים,נבמיםשלוממושךהדרגתישדיכוימוצעעקרבים.ומעלהיריחם
 . Ce!fuבגול-רצףביאכההמדף,לריחב"בסיבלי"מסיגלסדימבטציהדברשלבסיפיהוביל

העליוןהרביעוןבמשךהצפון-מערבילנבגחולותחדירת

 ,.ג.דובלומברג ,.חצוער ,.רונקרט

בו-אונ'ברס'סתסב'בת'ופ'תוחלג'אוגרפ'ההמחלקה ,) EPו F (פלנסאר'ותוהדמאותמרחוקלח'שההמבעדה
 84105שבעבארגור'וו,

באקליםפעילותהייאשרהדיונות, .סיניצפוןשלהחילמשדהחלקהןמערביהצפוןבגנבהחילדיונות
החוליתשלהמשבתההגיוןפיעליצימח.בייבגייםקרומיםידיעלהיוםמיוצביתבעבר,שיבה

 .איאוליחילשלחדיריתמספרבעברהתרחשושבאזורלהניחביתןהדיונותשלהשובהוהמירפוליגיה
שהתרחשיאיאוליםחוליתשלפעיליתמחזירימספרמצייניםזה,באזורהתבצעיאשרשובים,מחקרים
החולבחדירותלהבחיןמתבעלהחיליחידיתשלמיפויבמיצעזיבעבידההעליון.הרבעוןבמהלך
פיועלהדיונותשלהמורפוליגיתצורתםפיעלהחילות,שלצבעםלפימערביהצפוןהגנבבאזורהשונות

חישהבאמצעיתנעשהמערביהצפיןהבגנאנזירהחולותשלהמיפיי .) TL(תיאריךהשקעםתגיל
דיגיטאליאורטופוטו , Landsat TMהדמאתמתוךהתרבןלוהנתונים .) GIS (בממ"גיהטמעהמרחוק
החותמתמדידתבאמצעותבעשתההחילותשלהגייןבדיקתבשדה.שאנספוחולדוגמאותומתוך

עלדיגיטאלי.ימאירטופוטי Landsatמהדמאתשהתקבלהמידעומתיךהחילדיגמאותשלהספקטראלית
(צבע,השיבותהחילתכונותשלההתאמהמידתבנדקההדיוביתשלהפעילותמחזיריאתלהביןמבת

השיבית.החיליחידותשלמרחוקהחישהלנתיביההתאמהימידתבמעבדהנמדדיאשרוגיל)הברזלריכוז
השיביתהחוליחידית .גייןלבהתאםהצפון-מערבילגנבחילחדירית 3לפחותעלמצביעיתהתוצאית

התזמוןאתלקביעייכלהשיביתהחוליחידיתשל TLתיאריךלשבייה.מעלאחתשיכוביאףעיריבעברו
 .המאוחרהרביעיןבמשךהצפין-מערבילבגנהחולותחדירתשל
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יםבמפלסלשינוייםאלוביאליתבתשתיתנחליםערוציתגובתלחיזוימודל

המלח

 2ע.זילברמן , 1 .',אנזל 1ל.בן-משה

 91904'רישליםרם,גבתעהבער'ת,'טה Oהאונ'ברהאyר,כדורלמדע'המכוו . 1
 95501'רושל'ם , 30'שארלמלכ'רח'הג'איליג',המכוו . 2

חוקריםע"ינחקרההסחיפהבסיסגובהלשינויאלוביאליתתשתיתעלהזורמיםנחליםתגובתשלהבעיה
יחוזיתשזהמעבזתמהווההמלחיםאזורוכו').פיזיקליות,כמותיות,(אמפיריות,שונותוגנישותרבים

האחרונה,במאהביחוזההיסטוריה,במהלךבושארעוהקיצונייםהמפלסשינוייעקבהבעיה,לבחינת
העבוזותרובמפורטות.מפלסיםועקומותהמיזע,זמינותאליו,הנשפכיםהנחליםשלהמהירהתגובתם
גישותשלשילובע"יהנחלים.תגובתהמשךבחיזויעסקוולאמצב,תמונתהציגואבזורכהעזשנעשו

השוניםהנחליםשלהאורךפרופיליתגובתלחיזוימוזלשלגבייתוהתאפשרהוכמותיות,אמפיריות
כאנלוגבזיפוזיהשימושע"יסזיבמט.שלהזיפוזיהמשוואתעלהמבוססהסחיפה,בבסיסלשיוניים
ניתןמתונים,למקטעיםתלוליםממקטעיםהנחלבמורזחומרמועבר,בהםבנחלהמתרחשיםלתהליכים

ובגורמיםבזהזהבההמשתניםשלותלותםההיזרולוגיתהמערכתשלהרבהמורכבותהאתלפשט
חיצוניים.

לבכישהמלחיםחוףשביןבמקטעהמלח,יםשלהצפונילחלקוהנשפכיםנחלים 8עלהתבצעהמחקר
בבסיסהשינויהשפעתמעבראתמונעאשרמקומי,סחיפהובסיסנקענקוזתמהווהזהכביש . 90

שאריתיות,טרסותבהםשנמצאואנושית,התערבותמינימוםהייתהבהםנחליםבנחרולמעלה.הסחיפה
העתקים,למצוקממזרחהנחלאורךמניפות,(שטחשונותומורפולוגיותפיזיוגרפיותתכונותוהמייצגים

בשניםאלונחליםשלהאורךפרופילישוחזרוואימותוהמוזלכיוללצורךהמניפה).מולבטימטריה
הטרסותגילשלהן.האורךפרופיליומזיזתהקזומותהנחלטרסותמיפויע"יהתבצעזהשחזורשונות.

נשארוולאובמיזההמלח,יםמפלסלעקוםוהתאמתומתלכזותהןאליוהחוףקוגובהמזיזתע"ישוחזר
 .זיפרצניאלי GPSמכשירע"יהתבצעובשטחוהמזיזה.המיפויאוירתצלומיע"יזה,חוףמקושריזים

תצלומיע"י(שוחזרשהבבכלהחוףקומיקוםהמלח,יםמפלסעקומתהםלמוזלשהוזונהפרמטרים
אלהגמיעיםהסזימנטושטפיהזיפוזיהמקזמינמצאוהכיולבשלבהמשוחזרים.האורךופרופיליאויר),

האימותבשלבשונות.משניםאורךפרופיליביןהרצתו,ע"יממעלהו 90לבכיששמתחתהנחלמקטע
אוהמזוזלפרופילהחזויהפרופילהתאמתובנזקהאחרותשניםביןהללוהמקזמיםעםהמוזלהורץ

 .המטרהלשתבהמשוחזר
זהאנלוגוכיזיפוזיב,יבאופןטובבקירובמתנהגותהמערכותכילמוזל,האימותמבחניבאמצעותהראנו
ניתוחרעה.לאבצורהסחיפהבסיסגובהלשיוניכגתובהוההשקעהההתחתרותתהליכיאתמייצג

בחינתאתמאפשרשונים,ומורפולוגייםהיזרולוגייםגיאולוגיים,מאפייניםבעלינחליםשלהתגובה
הרקורזלהבנתויתרוםסחיפה,בסיסלשינויתגובתםעלהשוניםההיזרולוגייםהמשנתיםשלהשפעתם

לתכנוןלשמשיוכלהמוזלזלתאיות.ובמניפותקזומותנחליםבטרסותמשתקףשהואכפיהגיאולוגי
המלח.יםאזורשלהשימורמזיניותבקביעתנוסףוככליתשתיותשלטווחארוך
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C14 וBe10-פליאוהידרולוגיותאפליקציות-המודרניהמלחביס

 2מ.שטיין 2י.יחיאלי 1ב.לזר 1ר.בלמקר

 91904יחשליסהבער'תבירןשל'ס,האןניבםר'טהכדןרהאyר,לדמע'.המכןו 1
 95501ירןשליס , 30ישארלמלכ'רח'הגיאןלןגי,המכןו . 2

במערכת Cl4ר- Be10הקרסמרנגיםהאיזרטרפיםשלהגיארכימיתההנתהגרתבנחגהזהבמחקר
אדזרמהיציהרמנגנרואלרשלאיזרטרפיםשמכיררוהמחשבהמתרדהמרזרגיהמלחיםשלההיזררלרגית

כלישליצירתראתתאפשרבנייהםהגיארכימייםהקשריםהתנבשרגהפיררקרקצבגיארכימיתהנתהרגת
 .גילפיארהיזררלר
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פיעלעליון,קרטיקוןקמפאן,המישאש,יםקרקעיתאוורורבמידתשינויים

בנתונים.פורמניפרים

 1א.אלמוגי-לבין , n.2בינימיני , r. 1לוי , 1 .,אךלמן-פורסטבנרג , 1,2ש.אשכמי

 95501ירושליס , 30ישארלמלכיהגיאולוגי,המכוו 1
 84105שבעבאר 653 .ת.דוו-בבגנ,גוריבואוניברסיטתוהסביבה,הגיאולוגיהלמדעיהמחלקה 2

שלהזרום-מזרחייםבשולייםשהתקיימה upwellingמחוגרתחלקהייתהישראלהקמפאן,במהלך
ע"פהים.בקרקעיתנמוכיםחמצןריכוזיעםגבוההראשוניתביצרנותמאופייתנזומערכתהתטיס,

בסלעיכיום,מהיזועגבוההברזולוציה ,אוורוררמותמספרלקבועניתןהבנתוניםהפורמניפרים
 .אאבוקסיעזהזיסאוקסיבטווחמישאשתצורתשלהפוספטמפרטאורנגיבחומרהעשיריםהקרבונט

שבעלאברמסביבהאאקוןבפורמציותפזותרבתטקטוניקה

ך.בהט

 84105שבעבאר 653ת.ד.בנבג,גוריוובואוניברסיטתוהסביהב,הגיאולוגיהלמדעיהמחלקה

שבעאברשבסינקלינותבמחשופיםזוהווהעתקהסזוקיםשלבנזליםשבירהאירועימעשריםיותר
לפיסיזוקשלקטוגריותלחמשהראשוהנ,קלסיפיקציות.לשתיבסיסמהוותאלותצפיותוהשפלה.
העליונההשבכהלשסזוקוסף, Dופוסט-הרמה.הרמהמקסימלית,טקטוניקה?בוורה,הגיאולוגי:המחזור
העתקה-וסזוק.שליחסי-שזהשלסוגיםבעשרהזהנהשניהעכשווי.תהליך-בלבז

גרניטיים.ובסלעיםמשקעבסלעמוקדמים'יסדקים

בהטך.

 84105שבע,באר 653 .ת.דבבגנ,גוףוובואוניברסיטתוהסביהב,הגיאולוגיהלמדעיהמחלקה

ופוסט-הרמה)הרמה,מקסימלית,טקטוניקה(בקטגוריותמאוחרים'יסזקיםהראושונותעבוזות
ינתהגומוקזמים'ש'סזקיםלהניחסביראולם,רגניטיים.ובסלעיםמשקעבסלעיזומהאבופןמנתהגים

הנוצריםלסזקיםבזומהינתהגובסלעי-משקעקבורהשסזקיהגיוניזהשאיןכיווןלחלוטין,שונהבאופן
קבוצותשתיביןנירכזמיוןמראותתצפיותזאת,למרותלחלוטין.שוניםבתאביםהמגמההתקררותבעת
אלו.סזוק
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והשוואהמדידותמחזירה:שכבהעומקלהערכתרקערעשמדידותיישום

ב.קלמבוביץ,'מ.יזרסקי,מ.גורשטיין,מ.אטייב,ג. ,.ממיקבנרג ,.'זסלבסקי ,.טאקסיבבקו
בצרורג IIא.שד.גילר, ,ןד.'ו.גילר,ליבשיץ, .'פרלמן,

 71100לוד 182ת.דל'שאול,הג'אופיסיהמכוו

תת-הנבמלשחזורשימשולאכניאוקפיספקטראלייחסחישובשיטתעםבשילוברעקרעשמדידות
יהודהחבורתגגשלסטרוקטוראליתמפהעםמדידותבסיסעלמחזירהשיכבהמיפויביוהשוואהקרקע.

מחזיהר.שכבהלשעומקהלהערכתנבוגעמשמעותייםהבדליםגילתהלודוביוסבאכפרביו

האתרגתובתהערכתשלמעשייםהיבטים

אחיא.א.

 52601גורמת , 80קףנ'צירחבוטכני.גיאויועץ

הקיימים.הקודיםשלוהולמודלהנותניםשלהולמיקויםי,סובלתמסימולציהרקהמופקתאתרתוגבת
יפזורחזקה,רעידהדגימתכללבדךרחסרהכיאםיותרישירההיאבאתרמסיסמומטריההפקה

למידעםגשמותאםמודלעווימופקתעדיפההערכהשווגת.אתרמבגלותוקיימותניכרהתוצאות
באתר.סיסמומטריהלתוצאותוםגופיזי-טופוגרפיהגיאולוגי-גיא

אילת.מפץרבראששבירה-שוניות-סדימנטיםשלהפעילההמערכת

 1מ.שרףי 1צ.אברהםבן , 2א.עגבוןי 1 .,מקובסקי , 1ר.אריאלי

 69978אביברמת 39004ת.דאביב,תלאוניברסיטתפלנטף'ם,ודמעיםלגיאופיסיקההחוג . 1
 91904ירושליםרםיבגתעהבער'ת,האוניברסיטההאyר,כדורלדמעיהמכוו . 2

נתונימניתוחעדנכיותתוצאותמציגיםאנואבילת.היםקרקעיתהתפתחותלימודהיאבעודuתמטרת
שוניותרצועתממפיםאוג .-2002באילתחופילאוךרשאנספובגוההרבזולוציהאקוסטייםהחזרה

בערדעוברותשבירהמערכותשתימ.-15בכנמוכיםהיוהיםפניכאשרהנראהכפישוגצרומאונבות

פעילות.ונראותהעמרביהחוףלקובמקביל
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גאו-סקסוגייםתהליכיםבחיגתישראל:שלהיבשתבמדף"דלתה"מבגהשלמחדשהערכה
העמוק.לחתרוהקשרם

 17 .'בן-גיא ,.מרשף ,.צבן-אברהם ,.דלוין

O מווגo תo לעתידואתגריםבארץמבעודותדוגמאות-למגהורלע
 18מ.לוין

סי Oופאוגידימגסרי O:ניתוחאכזיבבאזורהימיתהקרבונסיתהמערכת

 18ב.בוכביבדר ,.חבבימיבי ,.אאלמוגי-לבין ,.שלזר

המלחיםשלואנרגיהמלחהמים,מאזני
 19א.גבריאלי ,.אגרטמן ,.וקי Oלייחוב ,.'דבורקין ,.ג.בקי Oלב

בישראלקרקעתנודותיחס'
 19ד.ושטייבנרג ,.צאברהםבן ,ר.הופשטטר ,.טמאירוב

המלחיםבאזורחלקיקיםעת Oוהתהוםמילתנועתמנים Oכעוקבים
 20 .'יחיאלי ,.בויסברוד ,.עמגל

שלההמושכלובפיתוחהארץבשימורהגיאולוגשלהמפתחתפקידי
 20ע.מזור

קודהגלישלפקסרה Oבעזרתמי Oיי Oומומנסאנרגיהביןקבועלאליחסעדות
 20ר.הופשטטר ,.ווולטר ,.רגוק ,.קמיידה

המלחביםלבורותבהקשרוהתפתחותםקרקעייםתתחלליםיציבות
 21מ.אבלסון ,.אעגבון ,.ולייחובסקי ,.אמימון

שייקאלגוריתםבעזרתיונית Oנ'אתרתגובתפונקציתהתאמת

 21 .'זסלבסקי ,.ממיקבברג

דימנסרים Oלעים oשלהמכניותהתכונותעלגרגריםביןהמגעאופיהשפעת

 21חצור.ח.יוסף ,.ופלצ'יק ,.שמבור

מעוותלמדידתחדשהשיסהיישום- ) PSlnSAR (קבועיםמחזיריםשלאינסרפרומסריה
הכרמלוהעתקחיפהבאזורהשסחפנישל

 22ג.שמיר ,.'אייל ,.גבר ,.רבוביצקי

פתיחהלתהליכיאיזוסופירקורדסרודוס:באופיוליסעוקביםרפנסיניזציה Oאירועי
מאוחריםהצבהותהליכיאוקיאניים

 22א.מתיוסג.יוו,ואלי ,.מאבלסון ,.'קציר ,.פבוריאל

חיפהבמפרץאדמהרעידותיכוני Oבהערכתפתוחותבעיות

 22ע.סלמון



תית Oי Oטלתטריהנתוניאוטותטילעיבודחדישהתוכנה
 23א.הופשטטרפיבסקיו., ,.אפולוזוב

לבדיקהתדדים-כורכרברכסתבעורהתנהרת

 23ב.צל,פולישוק

ציןנחלשלהפעיללערוץתתחתקבורהולוקןעדעליוןטוקן Oפל"תגילבעהפלוביאליחתר
ציןבבקעת

 23ע.אייל ,.'אבבי ,.בפורת

-הדרותיתהערבה-רחםנחלשלחף Oהבתניפתלניאוטקטוניקהגיאותורפולוגיותעדויות
התלח.יםפורם Oטרנ
 24 .'איל ,.עזילברמן ,.רעמית ,.ערפאפורט ,.בפורת

תלחיםוהשקעתלאידויעיקריכגורםבקרטוןדקים Oבתוראוירקונבקצית

 24מ.דראגילה ,.בוויסברוד ,.מפילרסדורף

זתןהפרשיעלבהבתססתי Oי Oאיכון
 24פיבסקיו.

ותלאכותיטבעיחולביןהשוואה-רוויבתווןחלקיקיםתנועת
 25א.יקירויץ ,ב.ויסברוד ,ק.פישר

דריותטריתתיארורראיהחזקיהו:בתקופתנחבצהאכןהשילוחנקבת
 25ג.רוזבגאום ,.אשימרון ,.עפרומקין

בנבגיהודהחבורתובאקוויפרהנוביתהחולאבןבאקוויפרבגוהיםראדיואקטיביותריכוזי
 25ה.בבדגלי ,.זיובגרייס ,.אפבקרטוב ,.ביעריגזית ,.שאלחבבי ,.גחקין ,.אוובגוש ,.בפרי

תית O"Oההרפלקציהבשיטתהקרקעבתתכפעיליםהחשודיםהעתקיםזיהוי
 26 .'שגיא ,.במדבדייב ,.אפריזלבדר

בארץתאוצהתדינתוניאיכותהערכת

 26א.שוורבצורג ,.אפדל ,.'זסלבסקי ,.בפרלמן

O אויבשתיפניםאגןשלטרטיגרפיהO ראשוניותתוצאותקרבונטית?רתפהשלטרטיגרפיה
והטורוןהקנותןבתהלרהגלילתרכז-תערבשלדיתנטרי Oניתוחשל

 26ב.בוגביךנר ,.חבבימיבי ,.רפרבק

רציףבלתילע Oבשלוחיםתצוקיםיציבותעלוהשלכותיהתבניתודאותאי
 27מ.סוקולובסקי ,.עזלצמן ,.אלויתן ,.גיגודה ,.'חצור ,.מצסרסקי

שאיבהבתבחניעה Oוהההזריתהשלקרטית, oדידקים Oרשתבשיטתתתידולתובנות
דוק. Oבקרטוןבארות,תרוביתנים Oו

 27א.אדר ,.רבתיב ,ד.קורצמן



ישראלרח mצפון-הגולן,ורזגתהחרזגוןשלההידרולוגיתבזגערכת 348/328י Oיח
 12ה.בילסן ,.אוקשל

ודוגזגאותשיסותאתר:תגובתתופעתשלזגחקרשנותעשר
 12ו.זסלבסקו

שזגונהבקריתקרקעותנודותאתרתגובתהערכת

 ,.בפרלמן ,.וגולר ,.ט,אקסובבקומ.גורשטיין ,.מקלמבובוץו ,.ממוקבברג ,.גאטייב ,.וזסלבסקו
 13א.שוורצבורג ,.ודן ,.דגולר ,ו.לובשוץ

הזגלחיםבחבורתהגרגרדקסי oהקלהחוזגר
 13א.סטרובסקו ,.מע.,שטייןכהן-חלווה

האתרתגובתלהערכתהקרקעתתותכונותזגבנהלזגופויזגיות Oי Oשיסותיישום
 13מ.וזרסקו

ראשוןשלב-הזגלחיםבאזורהבולעניםיכון Oלהערכתיות Oגיאופישיסותזגכלולשליישום
זגחקרשל

 14מ.וזרסקו

זגעריכיויחסכשלי Oסיפוהזגפרסותראשוניותתוצאותזגורעדת;חולת Oבקופזגדרוןגלישות
(שסח)וגודלנפיצותשל
 14ע.אהרובוב ,.עכץ

וסיפוסכנה Oההערכתאדזגה;רעידתבעתחיפהובעירהכרזגלרכסבצפוןזגדרוןגלישות
גיאוגרפיתזגידעזגערכתבעזרתהצפויהכשל

 14ג.פבחסו ,.עאלמוג ,.עכץ

שורקזגערתשלבאווירהאיזוסופיוהרכבוהפחזגןתחזגוצתדוריכוז
 15ד.וקור ,.אאיילון ,.מבר-מטווס ,.ווחואלו ,.וקרובפדל ,.משטולר ,.וכרמו

שינוייםאביב:בתלהחוףאקוויפרשלרוויוהלאהרוויבתוו,נדיפותאורגניותתרכובות
ובזגרחבבזזגן

 15ר.מולטאו ,.עדהן ,.בווסברוד ,ד.רובן ,.חלב

הכינרתזגבקע C14ואורניום-תוריוםידיעלידים Oזגלנופקונכיותתיארו,
 16מ.שטיין ,.והלר ,.שמרקו ,.אבוארטו ,.ללב

יהודהזגדברתחתוזגלוחיםזגליחיםזגתוקים,תהוםזגיביןהזגרחבייםים Oהיחזגיפוי
העזגוקה TDEMה-שיסתבאזגצעות

 16ח.בגורצמן ,.מגודלמן ,.אלוו

הכשלזגנגנוןלזגציאת ) DisCOח tiח UOUS Deformatioח Aח aן ysis )DDAבשיסתשיזגוש
סוריות. Oהיאדזגהברעידותף Oאתוצותוחישובארכיאולוגייםבאתריםבלוקיםקשתשל
 16ש.מרקו ,.וחצור ,.רלוו



המלחיםבמפלסלשיגוייםאלוביאליתבתשתיתגחליםערוציתגובתלחיזוימודל
 6ע.זולברמן ,.ואבזל ,.לבן-משה

גרת oבמקרקעייםתתפיצוציםלאיתורופיזיותגיאשיסותיירים-הדגמת Oבקעתוי Oגי

 CTBTה
 7 .'גיאבן ,.אפריזלבדר ,.מיזרסקי ,.'ברטוב

מקדמיותתוצאותחיפה:בחוףחתכיםשלושהלאורךאתרתגובתמדידות

ליבשיץ ,.בפרלמן ,.מקלמבוביץ' ,.גאטייב ,.ממיקבנרג ,.טאקסיבבקו ,.וזסלבסקי ,.מגורשטיין
 7א.שוורבצורג ,.דגילר ,.'דן ,.וגולר ,.'
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השנתי.הכנסשלהחגיגיהפתיחהבמןשביןענקןהחברהפרסי



 ) 2004- 2005 (תשם"ה-תשם"דלשנתהגיאולוגיתהחברהפעילות

O יורO יגי

 14- 10התאריכיםביןאילמשהפרופ'בהדרכתסינילמזרחמקצועיסיורלקייםהחברהעמדההשנה
חברים. 30נרשמולסיורבכך.הקשורההלוגיסטיקהכלכולללפרטיםהוכנההסיורתכנית . 2004לאוקטובר,

בסיני,ישראליםמטייליםכנגדטרורלפיגועאפשרותלגביהביטחוןמערכתשלחמורהאתראהבעקבות
הסיור.אתלבטלהוחלט

ופערימצבתמוגתואיל,ןהעליוןמהקרטיקוןישראלשלהטקטוגיתההתפתחותבגושאעיוןיוס

שולמן.גחמןדר'שללזכרוהגיאולוגיתהחברהשלמיוחדעיוןיוסמידע:

נחמןשללזכרומיוחדעיוןיוםלקייםהחליטההחברהשולמן.נחמןדר'היקרמורנומאתנוהסתלקהשנה
חוקריםהרצוהעיוןביוםהעיון.יוםאתארגןבר-פרגועודדוהלבנט.ישראלשלטקטוניקהבנושא

לנובמבר, 4בתאריךבן-גוריוןבאוניברסיטתהתקייםהכינוסבישראל.המחקרומכונימהאוניברסיטאות
-גרפונקל:צביהבאותהעבודותהוצגוהעיוןיוםבמסגרתהארץ.רחבימכלחברים 140-כבוונכחו , 2004

שברי-ברטוביוסי ;ישראלשלהקרקעתתמבנה-בן-אברהםצבי ;ישראלשלהטקטוניתההתפתחות
;חגיבניאוגןבישראלהטקטוניתהפעילות-קלבוורניזילברמן;עזראישראלבדרוםים-המלחובקעהרוחב

;יהודהואילךהמיוקןמסוףבנגבהטקטוניתהפעילות-אבני;יואבישראלבצפוןהטקטוניתהפעילות-רון
עמוס ;צעירהוטקטוניקהעתיקותאדמהרעידות-עגנוןאמוץ ;בישראלהמאמציםשדותהתפתחות-איל

 .עובריאוקיינוסשל:האנטומיההלבנטבקע-מרט;יוסיוסביבותיהישראלשלסיסמוטקטוניקה-סלומון

 .בהמשךמופיעיםשולמןנחמןדר'שללזכרודברים

הארץ-כדורמדעייוס

במכוןמדעילחינוךדוידסוןבמכוןבמספרהרביעיא IIכדהמדעייוםהתקיים 2004לדצמבר, 12בתאריך
פוגשתכשארכיאולוגיה-החברהבשירותהארץכדורמדעי II :הייתההיוםכותרתברחובות.למדעויצמן

השניםמיליון 2-בהנגבבהרואדםנוף,סלע,-אבנייואבהבאות:ההרצאותהוצגובכינוסגיאולוגיה".
ממצאיםרקעעלחברתיתוהתמוטטותאקליםשינויישביןהקשרבחינת-רוזןסטיב ;האחרונות

-ווינרסטיב ;ופרהיסטורייםארכיאולוגייםאתריםתיארוך-קרהזהמתי-פורתנעמי ;מהארכיאולוגיה
סיוון;דוריתהיסטוריותאדמהלרעידותגיאולוגיותעדויות-עגנון;אמוץמינרלוגיהבאמצעותארכיאולוגיה

-צוקצביקה ;האחרונותהשנה 10,000-בהאדםלהתיישבותוזיקתםהכרמלבחוףבסובבהתמורות-
גביעלהכתובותהקרובמהמזרחעתיקותתעודותשלמוצאןקביעת-גורן;יובלבסלעעתיקיםמיםמפעלי
ותפקידהאדםאבולוצית-רקיואל ;לעתידלקח-בעבראדמהרעידות-מרקושמוליק ;(חרסית)חומר
הראשונה.אפריקהביציאתאפריקאיהסוריהשבר

הישראליתהגיאולוגיתהחברהכגס

לכנס . 2005לאפריל 7- 5התאריכיםביןשדהמשאביבקיבוץאשרמשאביםהנופשבכפריתקייםהכנס
ובנוסףמקבילים,מושביםבשלושההרצאות 104יתקיימובכנסתקצירים. 131והוגשוחברים 175נרשמו

אורחיםשלמוזמנותהרצאותמושבוהשניהפרסיםחתנילהרצאותיוקדשאשראחדמליאה,מושבישנייהיו
תורבןמעלההקדשתבטקסינעלהכנסמקבילים.סיוריםשישהיתקיימוהכנסשלהשלישיביוםל. IIמחו

רמון.במצפה



 : 2005לשנתז"לגדררפרץד"רע"שהגיאולוגיתהחברהפרסועדתחברי

בייןעמוסאביג,דדבחצור,יוסי

 : 2004-2005לשניםז"לפרוינדרפיפרופ'ע"שהגיאולוגיתהחברהפרסועדתחברי

פיינשטייןשמעוןמרקו,שמוליקעגנון,אמוץלבין,אלמוגי-אהובהחצור,יוסי

 : 2005לשנתהגיאולוגיתהחברהשלהמדליהועדתחברי

נתיברוניתבנון,עודדחצור,יוסי

קלבורבי-ז"לגדררפרץד"רע"שהקרןמנהל

ויבנרגרורמימרקושמוליק-ביקורתועדת

הכבסבארגוןעזרתםעלכורםושחריובל,שלומיתמלכסון,אריעיני,לרבקהמודההגיאולוגיתהחברה

והסיורים.התקציריםחוברותוהכנת



החברהלכנסותרומתםהשתתפותםעלהבאיםלמוסדותמודההישראליתהגיאולוגיתהחברה

משאבים:הנופשבכפר

בנגבגוריוןבןאוניברסיטתהמים,לחקרצוקרברגמכון •

חיפהאוניברסיטתהרוח,למדעיהפקולטה •

בירושליםהבעריתהאוניברסיטההארץ,כדורלמדעיהמכון •

בנבגבן-גוריוןאוניברסיטתוהסביבה,הגיאולוגיהלמדעיהמחלקה •

• ) US-AID (Middle East Research Cooperation Project, MERC 

בע"מנגבאמפרטרותם •

הלאומיותהתשתיותמשדר •

בנבגבן-גוריוןאוניברסיטתציבור,לקשריהאגף •

חיפהאוניברסיטתוהוראתם,למדעיםהפקולטה •

הגיאולוגיהמכון •

לישראלהגיאופיסיהמכון •

נגברמתאזוריתמועצה •

~ I . 

 : 2004-2005לשנתהגיאולוגיתהחברהועדחברי

חצוריוסי-נשיא •

מטיוסבר-מרים-נשיאסגנית •

אברמוביץסיגל-מזכירה •

גדרושמיקי-פעולותמרכז •

ברנשטייןענת-גזברית •

וינשטייןאיליה-אינטרנטאתרמנהל •

צסרסקימיכאל-חבר •
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