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Steinberg, J., Gvirtzman, Z., Gvirtzman, H. and Ben-Gai, Y.

RADON SIGNALS IN THE ELAT GRANITE PLUTON, SOUTHERN
ARAVA - INDICATIONS FOR GEODYNAMIC TRANSIENTS
Steinitz, G., Malik, U., Gazit-Yaari, N., Piatibratov, O. and Zafrir, H.
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TEST MONITORING OF RADON IN GEOGAS AT THE GRAN SASSO
SUBSURFACE LABORATORY, CENTRAL APENNINES, ITALY
Steinitz, G., Plastino, W., Gazit-Yaari, N., De Luca, G. and Hagqin, G.

SYNTHESIS OF SUB-MICRON MAGNETITE IN HOT NACL
SOLUTIONS
Taitel-Goldman, N., Ezekiel, ].and Mogilyanski, D.

FLOODWATER INFILTRATION - RESULTS FROM A MULTI-TRACER
EXPERIMENT
Talby, R., Dahan, O., Yechieli, Y. and Enzel, Y.

HOW MUCH OIL IS TRAPPED IN THE DEAD SEA BASIN - MATERIAL
BALANCE AND ACCUMULATION EFFICIENCY CONSIDERATIONS
Tannenbaum, E.

U-TH AND 880 CHRONOLOGY OF THE AMORA FORMATION,
MOUNT SEDOM
Torfstein, A., Waldmann, N., Kolodny, Y., Gavrieli, I. and Stein, M.

PALEOSOLS AND PREHISTORY IN THE NAHAL HADERA OUTLET:
IMPLICATIONS FOR PALEOENVIRONMENT AND SOIL SCIENCES
Tsatskin, A. and Ronen, A.

VERIFICATION OF NUMERICAL METHODS USING A CENTRIFUGE
MODEL OF A MULTI JOINTED BEAM
Tsesarsky, M. and Talesnick, M.L.

EXPLOSION BRECCIAS AND DIATREMES AS KEY STRUCTURES IN
THE FORMATION OF THE HATRURIM FORMATION
Vapnik, Y. and Soko], E.

EXPERIMENTAL DETERMINATION OF THE SHEAR STRENGTH OF
ROCK-PILE INTERFACES USING DIRECT SHEAR TESTS
Wainshtein, I. and Hatzor, Y.H.

A NUMERICAL GROUNDWATER FLOW MODEL OF A PERCHED
KARSTIC AQUIFER CALIBRATED TO SPRING HYDROGRAPH DATA
WITH APPLICATIONS TO METEOROLOGICAL PARAMETER
ESTIMATIONS

Weiss, M. and Gvirtzman, H.
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ALONG- AND CROSS-RIFT ROBUSTNESS OF BLAST
DISCRIMINATION AT LOCAL DISTANCES IN THE NORTHERN DEAD
SEA FAULT AREA

Woust Bloch, H., Barzilay, S., Ben-Horin, Y.and Ben-Avraham, Z.

LANDSCAPE EVOLUTION OF THE RAGGEDY RANGE, CENTRAL
OTAGO, NEW ZEALAND: EVIDENCED BY CROSS-RIDGE RIVER
CHANNELS

Youngson, J. and Ginat, H.

INVESTIGATION OF SITE RESPONSE IN TOWNS OF ISRAEL FOR
STRONG MOTION PREDICTION
Zaslavsky, Y.

EARTHQUAKE SITE RESPONSE AND MICROZONATION OF THE
COASTAL PLAIN

Zaslavsky, Y., Shapira, A., Gorstein, M., Aksinenko, T.,
Kalmanovich, M., Ataev, G., Giller, V., Perelman, N., Livshits, 1.,
Giller, D. and Dan, H.

THE HEMAR CONGLOMERATE - A REMNANT OF MIDDLE -LATE
MIOCENE CROSS-RIFT STREAM
Zilberman, E. and Avni, Y.
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THE BASICS OF PRESSURE SOLUTION AND STYLOLITE
FORMATION: EXPERIMENTS, MODELING, AND THEORY

Aharonov, E.1, Katsman, R.! and Karcz, Z.2

1. Weizmann Institute of Science, Dept of ESER, Rehovot, 76100
2. Exxon Mobile Research and Engineering, Annandale, NJ, U.S.A.

Pressure solution is considered the most important ductile deformation
mechanism changing the Earths upper crust, but despite decades of research remains
poorly understood. It operates at contacts between grains, dissolving rock mass in the
highly stressed regions, followed by reprecipitation of the dissolved matter in lower
stress regions, away from grain contacts. Although operating at the grain scale,
pressure solution controls very basic large-scale processes such as strength and
healing of faults, compaction of sedimentary basins, and storage and flow of oil and
water in the crust.

In this talk I will provide a visual perspective on how pressure solution
operates on a grain-scale, and show that, in at least some cases, the system reaches a
dynamic steady-state during pressure solution, though the grain contact
continuously changes. Our 3D images are the result of experiments investigating a
single-crystal halite indenter undergoing pressure solution, and provide the 1st 3D
imaging of a crystal undergoing pressure solution. Complementary to our growing
understanding of the grain-scale process, I present numerical modeling of the large-
scale consequences of pressure solution: namely investigating the evolution of
localized pressure solution seams (stylolites) and diffuse pressure solution.



LANDSLIDES IN VIBRATING SAND-BOX: WHAT CONTROLS
TYPES OF SLOPE-FAILURE AND FREQUENCY MAGNITUDE
RELATIONS?

Aharonov, E.! and Katz, 0.2

1. Weizmann Institute of Science, Dept of ESER, Rehovot, 76100
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

Although landslides are a worldwide significant natural hazard, their physics is not well
understood. This study focuses on aspects of landslide failure mechanisms and controls on their
frequency-magnitude relations. Landslides were induced in a vibrating box filled with wet
(practically cohesive) sand, simulating natural slope failure. The questions addressed in this
study were (a) what controls the type of slope-failure and (b) what controls frequency
magnitude relations of landslides.

Accelerations were applied separately in the vertical and horizontal directions. Two
processes were observed to simultaneously occur during shaking: (a) development of a slope-
parallel failure-plane, causing slumping that encompass the whole box, and (b) development of
a set of tensile cracks normal to the slope, that dissect the whole slope into fragments. It
appears that the more significant process of these two processes controls the type of slope
failure, as well as the final size-distribution of landslides. Under applied horizontal acceleration,
a slope-parallel failure plane develops rapidly, and a box-sized slump always occurs. In
contrast, under applied vertical acceleration, the more significant process is formation of Mode
I fractures vertical to the slope. The fractures cause strength heterogeneity and promote block
sliding as the slope failure mechanism. These experiments show a power-law size distribution
of blocks controlled by the fracture distribution.

We argue that the above two processes also control the size distribution of natural
landslides inventories. Our hypothesis is that natural slides may be divided into two groups:
large and small. The processes controlling their formation are different, where each size is
controlled by one of the mechanisms observed in our experiments:

I. The smaller natural landslides occur as slumps within unconsolidated sediments
typical of the upper few meters close to the surface. They fail by a process equivalent to the
whole box slumps observed in our experiments and show a characteristic size, which is the
largest possible in the system. The size of these slumps is determined by the dependence
between failure depth (constrained to be the depth of the unconsolidated sediments) and area.

II. In contrast to the homogeneous upper layer, rock mass below the unconsolidated
sediment is always heterogeneous due to fractures, layers and bedding. This preexisting
heterogeneity is the source of the power law decay observed for the large landslide portion in
natural slide distributions. Our model rules out SOC dynamics as the dominant mechanism
responsible for the power-law decay in natural landslides.

Finally, in light of these insights, in hazard evaluation it is advised to fit a regression line
to the power law decay of the large landslide inventory only and consider the characteristic
landslide separately.



RECONSTRUCTION OF SUBSURFACE STRUCTURE BY
MICROTREMOR MEASUREMENTS IN THE QRAYOT AREA

Aksinenko, T., Gorstein, M., Zaslavsky, Y., Kalmanovich, M.,
Ez.ersk% Nf., Ataev, G., f)an, I., Giller, [5., l‘-’erelman, N.,
Giller, V., Livshits, I. and Shvartsburg, A.

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

The applicability of the horizontal-to-vertical (H/V) spectral ratio from
microtremor method to soil structure surveys was examined and confirmed by
different studies. The target area for the present study is the area of Qrayot and Haifa
Bay shore, where 480 microtremor measurements were carried out.

Theoretical transfer functions, calculated using SHAKE, were fitted to the
spectral ratios at every measurement point, and soil column models were derived.
For the model construction all available geological information was incorporated in
the analysis. S-wave velocities for different layers were supplied from the refraction
survey. The dense grid of measurements helped to identify the different reflectors
changing several times within the study area. They are the Top Judea Gr., Eocene
chalk, Miocene limestone, Kurdane limestone-sandstone and Kurkar sandstone. For
the majority of sites within the study area two reflectors simultaneously govern site
response. Close to the coastline three peaks from three reflectors are distinguished.

A new interpretation different from the formerly available ones was given for
borders of the Qishon graben. One of the practical realizations of the investigations is
the geological sections. Four cross sections in the direction from southeast to the
northwest and two ones directed northeast-southwest, were constructed.

Data base of the microtremor recordings was used to map faults and estimate
their vertical displacements.

We strongly recommend confirming the soil structure by the H/V method
even at the point where geological and borehole information is available.



GEOCHEMICAL CLASSIFICATION OF THE JORDAN RIFT
VALLEY RAINS ORIGIN

Anker, Y., Flexer, A., Rosenthal, E. and Ganor, E.

Department of Geophysics and Planetary Sciences, Tel Aviv University,
Tel Aviv, 69978

Samples were collected during seven winters in eight sites along the Jordan
Rift Valley, Out of the 52 samples collected 17 were of northwestern air mass
trajectory origin, 6 were northern, 5 all located in the Arava desert were local, 14 were
southwestern and 6 were western (See table). While Eastern trajectories are only
continental (Originating in the Arab Desert), all the other paths are divided into
marine and continental. Good correlation between rainwater chemical and isotopic
compositions and particular air mass trajectories or sources is demonstrated, in
addition salts contribution out of local sources was found mainly as the region turned
arid. Significant chemical divergence was found between rainwater of marine air
mass trajectories which, show Na chloride enrichment, and rainwater of continental
air mass trajectories which indicate mainly Ca carbonate enrichment. It was also
found that the northern air mass trajectories contribute more salts then the
southwestern air mass trajectories which, usually exhibit the lowest rainwater
salinities.

SMOW %o PDB %o pMC mg/L
Trajectory N % pH 5'%0 p &°C Hc 87SI'/!IBSr TDS

cmNW 17 327 6.9 -3.0 -26 -84 82.2 0.708694 124

mN(Sappir) 2 38 -5.2 -12.0 721 669 ‘
cmN 4 77 70 -5.9 63.3 Legend:

N 6 1156 7.0 -5.6 -12.0 721 242 m =marin
cL(Arava) 5 96 -4.7 150 ¢ = continental
cE 4 77 64 -1.2 -03 -22.2 59.3

mSW 5 96 67 -5.1 -435 -6.3 39.8 0.708697 64.3

cSW 5 96 70 14 244 -104 48.3

cmSW 4 77 63 -14 03 -114 69.7

sSwW 14 269 6.6 -24 -10.3 -12.5 39.8 0.708697 60.8

mwW 6 115 6.3 -39 -98 -99 0.708136 84.7

Rainwater isotopes study demonstrates that the region is submitted to three
chemically differing systems. The western marine trajectories reflect chemical setting
associated with East Mediterranean Meteoric Water Line system, the continental are
mainly associated with Mean Meteoric Water Line system and when ever the eastern
component is significant a Local meteoric Water Line (Gat and Dansgaard, 1972) is
prevailing. Carbon isotopes study reveals anthropogenic contribution as well as
carbonate contribution which according to strontium isotopes study it is probably
due to local dust input. In addition, from the strontium isotopes study it appears that
according to Herut et al., (1993) the seaspray fraction of rainwater in the Dead Sea Rift
is less then 20%.



REDOX FRACTIONATION OF COPPER ISOTOPES IN
SEDIMENTARY CONDITIONS (TIMNA VALLEY AREA,
SOUTHERN ISRAEL)

Asael, D.12, Matthews, A.l, Bar-Matthews, M.2, Halicz, L.2,
Ehrlich, 5.2 and Teplyakov, N.2

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

Stratiform sedimentary copper (SSC) deposits in the Cambrian and Lower
Cretaceous sequences of the Timna valley area, southern Israel provide ideal sites for
the study of copper isotope fractionation in redox conditions. Several cycles of copper
mobilization occur within the sediments including: (1) diagenetic deposition of
copper sulphides [djruleite (Cu1%S) and covellite(CuS)] within Cambrian dolomites
and their oxidation to give Cu(ll) minerals [malachite (Cux(OH)CO;) and
paratacamite (Cux(OH)3Cl)]; (2) epigenetic remobilization in Cambrian sandstones
and shales giving veins of malachite, paratacamite and Cu silicates; (3) formation of
Cu sulphide concretions in Lower Cretaceous sandstones and their oxidation to form
rims of copper oxides. The Precambrian Timna igneous complex unconformably
underlying the SSC deposits contains copper bearing quartz porphyry dikes, which
are considered to be the probable source of the copper in the Timna valley. However,
these dikes also underwent secondary (supergene) redox alteration, with the
formation of copper sulphides and Cu(Il) minerals. Isotopic measurements were
made on copper sulphide and Cu(lI) mineral separates using a Nu instruments MC-
ICP-MS with Ni internal standard and ion exchange separation.

865Cu (SRM-976) values of Cu sulphides from the Timna valley SSC deposits
range from -3.5 to -1%o, whereas Cu(Il) minerals range from -2 to 2%o. Similarly, the
supergene Cu sulphides from the Timna quartz porphyry have negative 6%Cu values
of -3.5 to -1.0%o, whereas coexisting copper silicates have 6%Cu values of -0.6 to 0.5
%o. Fractionation factors (Dcumy-cus) for Cu(II) minerals replacing Cu sulphides vary
from 1 to 3%o. Thus, there is a clearly defined positive fractionation accompanying the
oxidation of Cu sulphides. Based on published data and our own measurements on
copper porphyries, the igneous source for the copper most probably had §%Cu values
of 0 £ 0.5%o. It follows that a large negative isotopic fractionation is also associated
with the formation of Cu sulphides. Thus, redox cycling of copper leads to significant
isotopic fractionation, as predicted in experiments. Cu (II) minerals in the Timna
valley have 5¢Cu values close to the igneous source rock range (6%Cu = 0 + 0.5%o),
reflecting their modal mineralogical dominance in the SSC deposits.

Cu sulphides from Lower Cretaceous sandstones of the Mount Amram area
11 km south of Timna have high 8%Cu values (-1 to +0.5%o) compared to Cu
sulphides from the Timna valley (-3.5 to -1.0%.). Cu (I minerals show
correspondingly higher isotopic compositions, reflecting the positive Cu isotope
fractionation on oxidation. The reasons for the higher 66Cu values at Mount Amram
are not yet understood; one possible fractionation mechanism is that the Cu(Il) fluids
from which the sulphides were formed originated in the Timna valley, but were 6Cu-
enriched by prior precipitation of low 8¢6Cu copper sulphide.
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MORPHOLOGIC AND MORPHOTECTONIC ELEMENTS ALONG
THE EASTERN AND NORTHEASTERN CARMEL MOUNTAIN
FRONT - EVIDENCE FOR YOUNG TECTONIC ACTIVITY

Ashqar, L. 12, Greenbaum, N. 23, Salamon, A. 1 and
Zilberman, E. 1

1. Geological Survev of Israel, 30 Malkhe Israel St., Jerusalem, 95501

2. Department of Geography and Environmental Studies, University of
Haifa, Mt. Carmel, Haifa, 31905

3. Department of Natural Resources and Environmental Management,
University of Haifa, Mt. Carmel, Haifa, 31905

The eastern and northeastern front of Mount Carmel is bounded by the
seismically active Carmel-Yagur Fault. This mountain front is characterized by steep
slopes, short, first order streams and straight foot slopes, which are tvpical to
tectonically active regions.

The morphotectonic elements along this segment of the Carmel Block were
mapped between Yogne'am in the southeast and the Mediterranean coast using air
photos taken in 1945 (PS) and modern orthophoto. The photogeological map was
validated by detailed field study. GIS system was used to collect and process the data.

The elements that were mapped and studied are: faults, lineaments, shutter
and pressure ridges, slope gradient, stream morphology and fluvial terraces, alluvial
fans, colluvial units, landslides and debris flows. Sedimentarv sequences that
accumulated behind structural barriers were described and sampled for dating.

The genetic relations between the morphologic and morphotectonic elements
and the tectonic activity along the Carmel - Yagur fault were examined.

The preliminary results support previous works that suggested young tectonic
activity along the Carmel-Yagur fault. We hope to attain more accurate time
constraints on the recent tectonic activity by dating sediments that accumulated in
structurally blocked streams and by paleoseismic analysis of selected segments of the
fault.



MICROTREMOR DATA ANALYSIS FOR SEISMIC
MICROZONATION IN THE TOWN OF BET SHEAN

Ataev, G. Zaslavsky, Y Gorstem, M., Kalmanovich, M
Ezersk M Aksinenk Giller, D. Perelman Gllfer,
\ lesfuts,I Dan, I a d éhvartsburg,

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

The long history of earthquakes does not leave place for doubts that sooner or
later an earthquakes as large as, or larger than the earthquake that occurred in
January 749 and destroyed structures of the Roman-Byzantine period in Bet Shean
will shake this region together with its residents, buildings and facilities. The effect of
local site conditions on ground motion plays a major role in the shaking levels and
hence should be seriously incorporated into seismic hazard estimations at a specific
site. This is particularly important for Bet Shean where we have strong impedance
contrast between the soft sediments and the underlying bedrock represented by the
basalts. In addition, over the area of study the soil conditions change significantly
from place to place.

The results of our investigation could be briefly summarized as follows:

In the Bet Shean area fundamental frequency obtained from 210 microtremor
measurements varies in the range 0.9 - 12 Hz with amplitude from 2 up to 8. Two
zones without site effect were detected at the basalt exposure and along the western
marginal fault system of the DSR.

Theoretical transfer functions calculated by 1-D SH wave propagation analysis
using the SHAKE program agree well with H/V spectral ratios for sites at the
refraction profiles.

The cross sections constructed on the basis of measurement data reflecting our
concept of subsurface structure in the study area are generally systematic with the
geological survey data. We diverge, however, in some cases in determination of faults
location.

Uniform Hazard Site-Specific Acceleration Spectra for a probability of
exceedence of 10% during an exposure time of 50 years and a damping ratio of 5%
computed using SEEH procedure by applying the evaluated subsurface models
served as a basis for seismic zonation of the towns. For five of six selected zones in Bet
Shean the current building code IS413 underestimates the acceleration in the period
range 0.1-0.4 sec.

A nonlinear site effect in Bet Shean will probably reduce significantly
amplification of ground motion during future earthquakes. However, the amplitude
and frequency band of these effects are highly variable from site to site and depend
on the physical properties of soils.



THE MORPHOSTRATIGRAPHY, MORPHOTECTONICS AND
PALEOGEOGRAPHY OF THE SEDE ZIN REGION ~
IMPLICATIONS FOR THE RIVER CAPTURE MECHANISM

Avni, Y.12 and Zilberman, E.1

1. Geological Survey of Israel, 30 Malkhe Yisrael St., Jerusalem, 95501
2. Ramon Science Center, Desert Research Instltute, P.B. 194 Mizpe
Ramon, 80600

The present study re-evaluates the geology and morphostratigraphy of Sede
Zin, an abandoned alluvial plain crossed by the Zin fault, which is located on the
regional water divide of Israel. The age of the alluvial sequence of Sede Zin and the
relations between its accumulation phases and the tectonic activity along the Zin fault
were studied. In addition, the Plio-Pleistocene landscape evolution of the water-
divide area was reconstructed.

During the Pliocene the Sede Zin area was a wide alluvial plain, crossed by
several tributaries of Nahal Besor, which drained the central Negev Highland toward
the Mediterranean via a transversal valley that crossed the Syrian Arc fold belt.

The oldest alluvial unit (Nal), which is correlated with the Pliocene Ahuzam
Formation, was deposited within well-defined channels incised in the Ghareb
Formation. This unit is preserved in a post-deposition graben, which developed
along the Zin fault. Later, this unit was removed by erosion from most of the area
before the deposition of unit Na2, which is considered as a younger unit of the
Ahuzam Formation. Unit Na2 was deformed by a minor tectonic event that evolved
along the Zin fault system. During the Early Pleistocene, the Sede Zin Formation was
deposited above the Ahuzam Formation in a braided stream system. A slow
southeastern tilt of the Sede Zin plain combined with a minor deformation along
segments of the Zin fault are manifested by thickness changes within this unit.

The ongoing southeast tilting of the Sede Zin alluvial plain reduced the north-
northwest gradient of the tributaries of Nahal Besor. In addition, a possible eastward
regional tilt of approximately 0.5% related to the upwrap of the Negev, shifted the
tributaries of the Besor eastward, toward to the shallow water divide with Nahal Zin,
which run between Har Zaror in the north and Hod Agev in the south. The new
morphotectonic configuration enabled the breaching of the shallow water divide
during a high flow event establishing the connection between the upper drainage
basin of Nahal Besor and the Nahal Zin basin. The isolation of the Sede Zin was
completed at the end of the Early Pleistocene. During the Middle and Late
Pleistocene, the Sede Zin plain was gradually covered by reworked fluvial-eolian
sediments containing calcic paleosols. This section composes the upper part of the
Sede- Zin Formation and the Netivot Formation.

We suggest that the Pleistocene stream piracy in the Sede Zin area should be
attributed to a tectonic induced stream-shifting of Nahal Besor tributaries rather than
stream capturing caused by upstream retreat of Nahal Zin, as previously proposed.
We think that the hypothesis of a non-tectonic stream-capturing process in stable
water divides should be reconsidered.



WHEN AND HOW WERE THE JUDEAN MOUNTAINS
UPLIFTED?

Bar Farago, O.12, Zilberman, E.2, Gvirtzman, Z.2 and
Feinstein, g1

1. Department of Geological and Environmental Sciences, Ben-Gurion
University of the Negev, P. O. Box 653, Beer-Sheva, 84105
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

A comprehensive morpho-stratigraphic analysis of central Israel’'s mountain
backbone reveals nine geomorphic surfaces. Three of them are geographically
extensive, representing relatively long periods of tectonic stability: 1. The uppermost
Halhul surface, probably of Oligocene age; 2. The 200 m lower Jerusalem surface of
Oligocene or Lower Miocene age; 3. The Lower Shefela surfaces of Middle Miocene to
Lower Pliocene age. The Higher Shefela surface, about 100 m above the Lower
Shefela, represents a relatively short stability period.

The morphological steps between the surfaces represent two major and three
minor phases of uplift: 1. A Lower Oligocene phase of a few hundreds m. 2. A
probably Upper Oligocene phase of about 200 m or less; 3. A Lower to early Middle
Miocene fast uplift of about 400 m.; 4. A Middle Miocene phase of about 100 m, that
could be a continuation of phase 3; and 5. A late Pliocene phase of 100-150 m.

The Jerusalem and the two Shefela surfaces are sub-horizontal or slightly tilted.
They form an angular unconformity with the Judean Mountains fold structure. This
indicates that at least since the Lower Miocene there was no significant differential
folding along the Western Mountains Front (WMF) and that from then on the entire
region (mountains and foothills) rose together as one block.

The question that still remains is when was the WMF formed? At present the
WMF forms a topographic difference of 400-500-m between the Judean foothills (the
two Shefela surfaces) and the Judean Mountains (the Jerusalem surface). Structurally,
however, this topographic step is only a part of a much larger flexure reaching
approximately 1,400 m. The traditional approach that this entire flexure was formed
during the Senonian has a significant difficulty: the paleogeographic reconstruction of
the Senonian-Eocene period, as described in pervious works, does not support a steep
bathymetric relief during the deposition of Mt. Scopus and Avedat groups. We
suggest that the 1,400 m high western flexure was formed by two distinct stages:
Senonian folding had formed a 700-900-m-high structure. Then, in the Lower
Oligocene this fold was emphasized by additional 500-700 m that forms the present
topographic step of the WMF. This suggestion is consistent with previous
descriptions of Oligocene folding in the Shefela and Coastal Plain, and possibly the
formation of a new continental slope.



DISCRIMINATION OF LOCAL SEISMIC EVENTS IN THE
NORTHERN DEAD SEA FAULT REGION USING PATTERN
RECOGNITION SCHEMES

Barzilay, S.12, Wust Bloch, H.}, Ben-Horin, Y.2 and Ben-
Avraham, z1

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

2. Israel National Data Center (NDC), SOREQ Nuclear Research Center,
Yavne 45832

The identification of "man made" signals, such as quarry blasts, is an important
challenge in seismic monitoring. First, the removal of these events permits the design
of reliable seismic catalogs for hazard assessment tasks. Secondly, the ability to
discriminate between underground explosions and earthquakes contributes to the
verification of the "Comprehensive Nuclear Test Ban Treaty" (CTB

Traditional regional discrimination methods such as phase/ spectral ratio and
velograms use band filters. One of our aims was to apply these regional
discriminators over small seismic events at local distances. The approach used here is
based on pattern recognition methods, using SONODET software, whereby
broadband self-adaptive filters (Sonograms) permit a complete analysis of the full
signal energy. The seismograms, transformed into mental images, are initially run
across a knowledge base of predefined patterns (typical earthquakes, quarry blasts
and other specific noise bursts). Following detections, logic decision are made to
select the most similar pattern. The method was tested in the northern Dead Sea fault
region because it has active local microseismicity and frequent blasting activity at
several quarries. The events analyzed were recorded by the 19 components of the
MMAI array (Mt Meron).

A catalog of 100 events (earthquakes, explosions and possible explosions)
generated within a radius of 30 km from the MMAI array was designed for the
analysis. Blast events were selected from four active quarries and a reference pattern
has been defined for each of them. Preliminary results show efficient discrimination
potential of sonograms for the natural seismicity of the north Dead Sea fault zone and
for quarry blasts within the Upper Galilee region.
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THE ISRAEL GEOLOGICAL SURVEY - DOWN TO EARTH,
LOOKING UP TO SUSTAINABLE GROWTH

Begin, Z.B.

Director, Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem,
95501

The Geological Survey of Israel (GSI) advises the Israeli Government on
matters concerning the earth sciences. It does so in the context of population growth
and the needs of a modern economy. It works in close cooperation with the Israel
Geophysical Institute and the Israel Oceanographic & Limnological Research.

Population growth in a small country such as Israel brings about a strong
competition on land use, with a pronounced need to prevent environmental
deterioration. Moreover, the fact that population grows mainly in urban centers
increases their vulnerability to strong earthquakes that are mainly generated by the
Dead Sea Fault system, at a distance of less than 50 km from the main metropolitan
areas. Population growth in a semi arid country such as Israel necessitates a prudent
use of all available water resources, in both aspects of production and prevention of
contamination.

Economic growth underlines the need to develop more resources of building
stones and construction materials as well as detailed and comprehensive mapping of
minerals, such as phosphorites and potassium. The growth in energy consumption
and the increase in its price should bring about renewed interest in oil shales as well
as natural gas and oil in the deeper parts of the Mediterranean Sea off Israel.

Sustainable growth necessitates continuous monitoring of natural phenomena
and the construction of data bases for future use of data that have been assembled
through the years such as cuttings and cores from wells. The GSI is an official
repository for these. A GIS is a convenient vehicle upon which data bases can be
preserved.



THE SEISMIC ACCORDION -~ TEMPORAL CHANGES IN THE
WIDTH OF A FAULT ZONE

Begin, Z.B. and Lykhovsky, V.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

We studied the seismicity within a 100 km wide and 200 km long segment
along the Dead Sea rift by examining all earthquakes (Mp>0) that are included in the
Israeli earthquake catalogue (the Seismology Division, Geophysical Institute of
Israel). Between 1984 and 2004 the annual median distance of epicenters from the
midline of the Dead Sea rift valley decreased consistently, with the trend being
statistically significant. We also note that in 2004 the strongest earthquake in the last
50 years occurred in the Dead Sea pull-apart, and we propose that there is a
connection between the two phenomena: a strong earthquake is expected at the end
of a process by which intra-plate seismic activity concentrates closer to the rift valley.

In order to test our proposition we simulated a coupled evolution of
earthquakes and faults in a 3-D lithospheric model consisting of a weak sedimentary
layer over a crystalline crust and upper mantle using a visco-elastic damage rheology
model (Lyakhovsky et al., 1997; Hamiel et al., 2004). The internal structure and
boundary conditions as applied to the 100 km wide and 200 km long simulated area
are compatible with geological and tectonic characteristics of a segment along the
Dead Sea Fault. The model was run for more than 90,000 years and synthetic
earthquakes stronger than M 4 were recorded, including their epicentral distance
from the rift midline. Upon separating the rift earthquakes from the intra-plate
earthquakes it is shown that the latter are characterized by significant temporal
changes in the median epicentral distance from the rift midline, with an average cycle
of about 7,000 years.

Recording the ~40 strongest earthquakes (M>6.9) that occurred within the
modeled Dead Sea rift we observed that these show a statistically significant
tendency to have occurred within +1,000 years about the times of minima in the
median epicentral distance from the midline of the rift valley. These numerical results
are in accord with the natural phenomenon as recorded near the Dead Sea rift during
1984-2004, showing that intra-plate seismicity, as far as 50 km away from the rift, is
related to the activity of the main fault. The seismic width of the fault zone changes
constantly, widening and contracting semi-cyclically, and after a period of contraction
of the fault zone a relatively strong earthquake may be expected on the main fault.
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RADIOCARBON IN DEAD SEA WATER SOURCES - POSSIBLE
PALEOHYDROLOGICAL AND PALEOCLIMATOLOGICAL
IMPLICATIONS

Belmaker, R.1.2, Lazar, B.1, Yechieli, Y.2 and Stein, M.2

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

Radiocarbon content and chemical composition of modern waters that feed the
Dead Sea: ie. perennial streams flowing over basaltic or carbonate terrains, and
floods (along their stream profiles) were used to constrain the sources and
mechanism of radiocarbon supply that dictates the reservoir ages (RA) of Lake Lisan
and Dead Sea waters (ranging between 0-2 and 2-4 ka, respectively).

The data were evaluated in respect to dissolution reactions of carbonates and
basalts (the typical lithologies of the lakes’ drainage area). While dissolution of
carbonates adds “dead carbon” to the waters, dissolution of alumino-silicates does
not change the radiocarbon content of the water. Thus, water that dissolved
carbonates and have high radiocarbon content must have exchanged a large portion
of their total CO, with the atmosphere. The chemical and radiocarbon composition of
waters from the Dead Sea drainage system demonstrate the mentioned
dissolution/exchange processes as follows:

1) Streams emerging from the northern carbonatic aquifer of the study area
have total alkalinity to (Ca?*+Mg?*) ratio of 1.9 indicative of carbonates dissolution.
However, the relatively high radiocarbon content (67.5-87 pmc) and the narrow
alkalinity variations (3-3.5 meq/1) suggest partial exchange with atmospheric CO,.

2) Waters sampled just after their transition from rain to runoff are
characterized by alkalinity and radiocarbon values that are higher than those of the
rain. This may result either from carbonate dissolution and exchange with
atmospheric CO; or dissolution of soil clay minerals.

3) Springs from the Judean Desert have low radiocarbon content, as expected
for carbonate dissolution. On the other hand, floods from this region show rather
high and variable radiocarbon values (67-95 pmc), indicating exchange with
atmospheric CO, in channels with different shape and soil/rock coverage.

Atmospheric exchange thus plays a major role in the fate of radiocarbon on
route to the Dead Sea and determined the RA of its precursor, Lake Lisan. The high
RA measured in the sediments of Lisan high stands suggest that CO, exchange
between floods and atmosphere was lower than modern rate, probably due to larger
soil coverage and increased soil moisture. In contrast, the low reservoir ages during
Lisan low stands (dry periods) may result from exposure of fan-delta lithologies and
enhanced CO; exchange with the atmosphere.

-l
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LONGITUDINAL DUNE ADVANCEMENT - EVIDENCE FROM
SDE HALAMISH, NW NEGEV

Ben-David, R.
Roved Geological Consultant, PO Box 98, Sarigim, 99835

A study of the mechanisms of longitudinal dune advancement during the Late
Pleistocene and Holocene was carried out as part of a regional study regarding the
interaction between aeolian sedimentation and drainage systems in desert margins.

It was found that during these periods the Halamish dune field had complex
interactions with the lower Nahal Nizanna active channel. The study included six
boreholes (9-34 m deep on the dune ridge and within the interdune corridors), playa
exposures, OSL dating, GPR and laboratory tests. The evidences indicate the
following: 1. The dune ridges have deep roots, lower than the nearby interdune
valleys; 2. Wide fluvial gravel deposits are found below the dune field; 3. The
dune/interdune accumulation started ~42 kaBP and it included the deposition of
sand sheets; 4. The main dune invasion started ~27 kaBP, accumulating in an
interfingering pattern with the interdune sediments originating from Nahal Nizanna.

It was concluded that 1. The accumulation of the floodplain included large
quantities of sand deposited as sandsheet; 2. An erosion relief developed on the
floodplain surface before the main dune invasion occurred; 3. The dune ridges
accumulation occurred simultaneously with the accumulation of fines in the
interdune corridors which were derived from Nahal Nizanna; 4. The present dune
field configuration was established and set before the last glacial period (~18 kaBP); 5.
The dune geometry and the interdunes on their sides indicate that the process of
advancement is along the ridges with only sight side deviations; 6. Although major
global climate events occurred during the last 30 kaBP, no significant changes in the
wind regimes occurred during the late Pleistocene period.



NEW GEOMAGNETIC PALEOINTENSITY DATA FROM SLAG
DEPOSITS AND AN ARCHAEOLOGICAL ASPECT
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We will present new geomagnetic paleointensity results obtained as part of an
ongoing multidisciplinary project (paleomagnetism, archaeology, experimental
petrology, petrography and radiogenic dating) focused on slag material from
southern Israel and Jordan. Additionally, we suggest a better resolution for a long
standing archaeological dispute concerning the question about the oldest smelting
furnace in the world (site 39B in Timna).

Quenched copper-slag material from archaeological sites is a novel and highly
promising medium to be used in paleointensity experiments. Its magnetization is
carried by ultra fine grained magnetite and was acquired during initial quenching,
often behaving nearly ideally during the paleointensity experiment. One of the richest
archaeometallurgical regions in the eastern Mediterranean is located in the southern
Levant, on both sides of the 'Arava valley that separates the modern states of Israel
and Jordan. Metalworking activities cover a time span of more than six thousands
years, beginning in the 5th millennium B.C,, a date that coincides with innovations in
metallurgy in many parts of the Old World.

We analyzed 77 copper-slag samples from 28 archaeometallurgical sites
employing the elaborated IZZ] experimental protocol which is derived from the
Thellier-Thellier method. Anisotropy of anhysteretic remenance experiments were
carried out to correct the results. Using strict data selection criteria, 35 samples
yielded acceptable results for about a 45% success rate, which is extremely high
percentage for this kind of experiment.

The data gained hitherto shows a fluctuated field behavior, with relatively low
field intensity during the 6th millennium B.P. and a conspicuous peak around 3,000
B.P. These trends agree with the global world-models and are in excellent agreement
with data from northern Syria.

Good paleointensity results from archaeological sites with poor or disputed
dating can contribute to the archaeological discussion. Such is the case of site 39B in
Timna Valley, Israel, which some scholars claim it to be the oldest copper smelting
furnace in the world, dating to the Chalcolithic period, around 6 thousands years B.P.
This claim has been under debate for more than forty years, as arguments for later
periods, mainly the early Roman and early Iron Age, have been raised. Our
paleointensity results imply multiperiodical use, starting indeed as early as the

Chalcolithic period.
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THE IMPORTANCE OF THE EARTH SCIENCES INSTITUTES FOR
NATIONAL PLANNING

Beyth, M.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

In a densely populated country like Israel, the governmental research institutes

in earth sciences, in cooperation with the universities play a major role, especially
when natural resources are limited and natural hazards, earthquakes, should be
mitigated. Sustainable use of natural resources, land-use surface and underground,
water bodies as well as seas and lakes, commodities like building material,
hydrocarbons and groundwater are essential.

Few examples will be presented:

Artificial islands offshore Israel for airports.

Marine culture as a source for food in arid areas.

Gas discovery and production which changed Israel’s energy policy.

A new policy document for the Dead Sea area during decreasing of the
lake level which is destructive for the environment and infrastructure.
The peace talks with Jordan included the JRV and Red-Dead Sea canal.
CTBT issues where seismology and geology are playing a major rule.
These are few examples indicate the importance of earth sciences on the

national level in the areas of infrastructure, energy policy, food production, planning,
security and peace.
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THE ORIGIN OF THE MOUNT SEDOM SALT WALL: EVIDENCE
FROM DRILL HOLES AND GEOPHYSICS

Brunner, 1.1, Reznikov, R.! and Charrach, ].2

1. Ecolo% Engineering Ltd, 5/44 Oppenheimer St., Rehovot, 76701
2. Dead Sea Works Ltd, Potash House, POB 75, Beer Sheva, 84100

The detailed study of Mt. Sedom has demonstrated that the Sedom Formation
is a multicycle evaporite deposit. Each cycle beginning with sapropelic carbonate
shales and terminating in beds of potassium minerals. The facing of each cycle within
the Mt. Sedom salt wall shows that the oldest beds are deposited in the east and the
youngest beds in the west, with no repetition of cycles. The sediments are now
emplaced vertically and show only minor deformation on the outer margins. The
upper 1000 meters of Mt Sedom show no evidence of deep burial. The number of
cycles varies from location to location; in drill hole Sedom Deep, 18 cycles were
intersected while in the Amiaz ~25 cycles - these being bedded sub-horizontally. In
the vertically bedded Mt. Sedom salt wall there are 36 cycles in the north with an
additional 6 cycles in the southern part of Mt. Sedom.

On the basis of this new evidence a relationship will be established between
the order and extent of the salt deposition, its time framework, subsurface faulting
and related geological structures from geophysical data.

An attempt will be made to explain the emplacement of the Mt. Sedom salt
wall relating to the salt creep and lack of deformation of the sediments within Mt.
Sedom. This new analysis may have implications regarding the regional tectonics.



CARBON ISOTOPES IN SOIL CO3, DIC AND SEDIMENTS IN
THE UNSATURATED ZONE OF THE COASTAL AQUIFER

Carmi, 1.1, Kronfeld, J.1, Yechieli, Y.2, Yakir, D.3, Stiller, M.2
and Boaretto, E.3

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

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

3. Chemical Research Support, Weizmann Instltute of Science, PO Box
26, Rehovot, 76100

The source of water in aquifers is rain that falls on their catchment area. To get
to the aquifer, this rain must traverse the unsaturated zone (USZ) which overlies the
aquifers. Dating of groundwater by *C has failed in nany cases in the past because of
difficulties in estimating the initial concentration of 'C in the water when it enters an
aquifer after infiltrating the USZ (meanwhile interacting with soil CO, and
sediments). As a result it was recently stated by Herczeg and Leaney that ”there is
either confusion or skepticism about the validity or reliability of "C ages of wa

We try to improve the situation by stud4y1ng the carbon isotopes in the USZ in
order to understand the processes of affect '°C values in water traveling from the
atmosphere to the aquifer through the USZ.

We present here the partial results of CO,, C-isotopes and tritium analysis in all
phases of the USZ at the Coastal Aquifer at Nizzanim, including dissolved inorganic
carbon (DIC), soil gas and sediments. We collected sediment samples in a drilling to
the water table (depth of 20m) in October 2003. For the collection of soil gas, tubes
were inserted into the USZ at 0.3, 0.6, 0.9, 1.2, 4.0, 6.0 and 10m depths .

DIC and water were extracted from the sediments by vacuum distillation
applying the Davidson Method, which was tested and modified during this study.
Soil gases were sampled by expansion from the tubes into evacuated glass vessels.
Standard lab procedures were used to get the inorganic and organic fractions of the
sediment. Preliminary results show that:

The DIC decreases from 2m to 20m, down to the water table, probably due to
calcite precipitation. The 613C (~-10 %o) of DIC shows no correlation to the DIC
concentration and is similar to that of the aquifer. A Trittum profile allows an
estimate of the rate of infiltration of water through the USZ (about 0.4-0.6 m/yr). The
concentration of soil CO2 decreases from 2.3% at depth of 6m towards the surface.
The 813C in the carbonate of the solid sediment (~-8 %o) indicates deposition in a
fresh water environment. The 14C in the solid sediment carbonate shows a clear
decrease with depth. The 14C in organic part of the solid sediment is high at depth of

1 Imeter implying a modern contribution from rootlets of trees.

14C in DIC is presently being analyzed to provide the needed information

regarding the initial values required for dating of groundwater.



A RE-EVALUATION OF THE MOUNT SEDOM EVAPORITE
SEQUENCE

Charrach, J.
Dead Sea Works Ltd., Potash House, P.O.B. 75 Beer Sheva 84100

The following analysis was made from a compilation of data
obtained from surface mapping, cave mapping and drill holes SE1-3, MS
1-7, Amiaz 1 and Amiaz East, Sedom 1, ang Sedom Deep.

Evaporite cycles in Mt. Sedom occur at various scales, from micro,
centimeter -meter; to mini, up to 100 meters; to macro, up to 1 km, which
contains a series of mini cycles. These cycles can be correlated on surface
along strike and subsurface to a depth of over 1000 meters within Mt.
Sedom. A typical full evaporite cycle of the Sedom Formation comprises
of the following rock types from base to top:

e Carbonates - predominantly dolomitic, sapropelic and shaley, with
minor calcite, magnesite, quartz and feldspar

e Anhydrite - nodular, chickenwire, enterolithic folding to laminar
bedding

e Muddy halite - the halite is colorless and translucent. The muddy
appearance comes from organic matter and disseminated anhydrite

e Milky halite - a high concentration of inclusions and secondary
halite

e Carnallitic halite - carnallite is a matrix filling between halite crystals
and occurs as elongated nodules parallel to bedding

e Halite + sylvite, - sylvite occurs as syndepositional alteration of
carnallite

e Halite - recrystallized, anhydrite  polyhalite + kieserite + magnesite

The cycles are asymmetrical with time; the evaporation section of the

cycle being thicker than the freshening section.

Way-up criteria were used to determine the facing of the beds using

the following evidence:

e Mineralogical cycles based on phase chemistry

e Increasing gamma radiation in the halite sediments indicating
younging of the strata

e Sedimentary structures: mud cracks, tepee structures, corrosion
planes, chevron halite.

All evidence shows that the stratigraphic base is in the East of Mt. Sedom and
is correlative with the Sedom Formation of the Amiaz Plain and Sedom Deep. The
strata are younging towards the West with the stratigraphic top in the SW part of Mt.
Sedom. The stratigraphy does not indicate any repetition of the beds and therefore no
folding.

gWithin Mt. Sedom only very minor deformation on the outer margins
of the salt wall and along fault planes has been observed. Fault breccias can
be correlated with surface morphology. Deformation can be observed as
boudinage in carbonate and anhydrite beds, and polyhalite foliation along
fault planes. There is no evidence of burial diagenesis, organic matter is
immature and shows no fluorescence in Mt. Sedom as was observed in the
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Amiaz Plain. There are no strain effects on the euhedral halite crystals. Most
of the beds are undeformed and preserve primary sedimentary features.

To understand the depositional environment we have to consider the
source of the brine and the basin configuration. The following points are
relevant:

e The last marine ingression from the Mediterranean was prior to 5.8 -

6.9 M years

e Cover basalts possibly blocked any marine ingression through the

Yizrael Valley

e Isotopic signatures and biomarkers of Mt. Sedom are similar to those
of the Messinean source rocks of the Eastern Mediterranean

e There is a paucity of sulphate minerals, particularly magnesium
sulphates

e A predominance of a chloride suite of minerals, particularly in the
potassium mineral facies, suggests a non-marine type of deposit

e Alow level of detritus in the evaporite sequence

e The sedimentary structures indicate a shallow depositional
environment

e Many anhydrite beds show a granular texture suggesting a shallow
supratidal environment

e Microbeds of halite and carnallitites, with intercalated beds of
carbonates and sulphates, indicate a very shallow brine depth

It is suggested that the Sedom Formation was formed by the mixing of
surficial water with upwelling calcium chloride brines into a very shallow
terminal basin subjected to tectonic subsidence (cf. Qaidam basin , China).
During this time the Jordanian side of the rift valley would have been ~35 km
further south, with the Hermon drainage system closer to the Dead Sea and the
volcanic activity of the Golan providing a greater geothermal gradient.

It is difficult to envisage a model to explain the emplacement of Mt.
Sedom as a vertical wall, with the upper section representing the eastern margin
of the Sedom basin, the oldest beds in the east, and minimal deformation of the
sediments. A possible mechanism could be the rotation of the originally
horizontal sediments of Mt. Sedom as a block, along the Sedom Fault with
continual subsidence of the Sedom basin, and tilting of the beds to the west. The
downward movement could be considered as a roll-over anticline, with the
evaporite sequence moving under low stress conditions until a vertical salt wall
was formed. Mt. Sedom then became diapiric due to regional extension of the
Dead Sea basin.

In summary the Sedom Formation is considered to be a Messinean non-
marine, evaporite sequence deposited in a shallow subsiding tectonic basin. It is
a multicycle formation (>42 cycles) ranging from sapropelic, dolomitic shales to
carnallitites. The cycles have very good stratigraphic continuity along strike. The
beds of Mt. Sedom are sub-vertical with a stratigraphic base in the east. The
upper section of Mt. Sedom represents a shoreline facies with the depocenter at
depth. The potassium mineralization increases in concentration with depth and
changes in facies from carnallitite to sylvinite. The upper 1000 meters of Mt.
Sedom show no evidence of deep burial.

.



HOLOCENE STRATIGRAPHY OF THE SOUTHERN DEAD SEA
BASIN, PALEOCLIMATIC AND TECTONIC IMPLICATIONS

Charrach, J.
Dead Sea Works Ltd., Potash House, P.O.B. 75, Beer Sheva, 84100

Core drilling within the southern basin of the Dead Sea has enabled the
construction of a stratigraphic column for the Holocene period. Several wood
samples have been discovered in the cores, and have been dated using 14C
techniques. These radiocarbon dates were used to calculate the average rates of
deposition for lime carbonate and halite sediments and provide a means of
calibrating the ages of the strata. The following assumptions have been made:

e The Dead Sea level dropped during the late Pleistocene period
thereby increasing the salinity. It is assumed that Holocene period
started with the initial precipitation of halite. Halite will precipitate in
the northern basin when the level is below -405 m MSL or at shallow
brine depths in the southern basin.

e The southern basin has never dried out, as carnallite was not
recognized in the drill core. Therefore it is assumed that the
composite stratigraphic section represents a continuous geological
record.

e The lime carbonate sediments represent a period of relative brine
dilution, while halite sediments represent a period of relative salinity
increase.

e The wood and plant samples represent a reliable sample for 14C
dating indicative of the time of their deposition.

e Lime carbonate and halite sediments precipitated at a constant rate.
This is strengthened by the results from the Ein Gedi drill core where
a similar rate of sedimentation was calculated for lime carbonates
sediments.

e There is negligible compaction.

The following equation was solved to determine the average rates of
sedimentation of lime carbonate and halite for different time periods.

L]/a+L2/b=T

Where L1 and L2 - are the thickness of the lime carbonate and halite
sediments (mm) for the time period T (years) and a and b are the average rates
of sedimentation of lime carbonate and halite sediments per year (mm/y).

Solving these equations gave the following average rates of sedimentation
per year: Lime carbonate - 3.2 mm/y and halite - 12.6 mm/y for a composite
column of 61.2 m of halite and 23.0 m of lime carbonate sediments. A continuous
detailed Holocene Paleoclimate record for the southern basin of the Dead Sea
has been constructed over a period of nearly 14,000 years.

Analysis of the drill holes as far south as Neot HaKikar, record Holocene
salt to depths of up to 100 m similar to those discovered in drill hole Dead Sea 1
in the northern part of the southern basin. This indicates a rapid rate of tectonic
subsidence for this period of this basin.
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THE EPISODE OF THE COASTAL WETLANDS IN ISRAEL BASED
ON THE CARMEL COAST RESEARCH

Cohen-Seffer, R.1, Almogi-Labin, A.2, Greenbaum, N.13,
Sivan, D.4, Rosenfeld, A.Z, Mienis, H.K.56 and Inbar, M.1

1. Department of GeolgraLFh and Environmental Studies, University of
Haifa, Mt. Carmel, Haita 31905

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

3. Department of Natural Resources and Environmental Management,
University of Haifa, Mt. Carmel, Haifa, 31905

4. Department of Maritime Civilizations and the Recanati Institute for
%%éime Studies (RIMS), University of Haifa, Mt. Carmel, Haifa,

5. National Mollusc Collections at the Department of Evolution,
Systematics & Ecology, Hebrew University of Jerusalem, 91904
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6. Department of Zoology, Tel Aviv University, Tel Aviv, 69978

Two different wetland conditions prevailed in the Carmel coastal plain durin
the Holocene: the fresh to brackish western coastal marsh, which originated an
terminated shortly after the beginning of the Holocene (it existed from 9540-9130
cal. yr BP to 9010-8640 cal. yr BP), and the freshwater marsh in the east, which first
originated at 7680-7510 cal. yr BP, when the western marsh was already desiccated.
Ehe eastern marsh existed until it was drained by man in the first ha].}f, of the 20th

entury.

t-'Il'lhrc)e’ Late Pleistocene-Holocene sequences in the two troughs are discordantly
layered over the Pleistocene kurkar. They are composed of two main units: (a)
brown clay-sandy units pointing to a terrestrial environment, and (b) dark silty-claK
units, rich in organic matter characterizing shallow wetland environments wit
varying levels of salinity.

The fauna in the eastern wetlands mostly represents a freshwater environment.
It is mainly composed of the ostracods: Candona neglecta, Cyprideis torosa,
Darwinula stevensoni, Ilyocypris gibba and the unique Cypris pubera, which
reflects sharp and rapid changes in short-term freshwater bodies. The dominant
molluscs are Gyraulus ehrenbergi, Heleobia phaeniciaca, Melanopsis buccinoidea,
Melanopsis lampra, Oxyloma elegans, Radix natalensis and Theodoxus karasuna.
Foraminifera occur in very small numbers. The occurrence of the foraminifera
Cribroelphidium vadescens, Discorinopsis vadescens and the ostracod Cyprideis
torosa imply changing conditions of somewhat higher salinities and shrinkage of
the wetlands.

The faunal assemblage in the west is more impoverished, and is characterized
by species that tolerate higher salinity rates. Unlike the eastern marsh, the western
marsh is dominated by Ammonia parkinsoniana and Ammonia tepida,
Cribroelphidium vadescens, Discorinopsis vadescens and Miliolid sp. The only
dominant ostracod is Cyprideis torosa, whose sieve pore classification indicates a
fluctuation from fresh to oligohaline water. The dominant molluscs found in the
Western trough, such as Abra nitida, Bittium latreillei, Cerastoderma glaucum,
Hydrobia ventrosa, Melanopsis lampra, Mytilus galloprovincialis and Rissoa
variabilis, are typical of brackish and marine environments.

The sea was far to the west at the beginning of the Holocene when the western
marshes was first formed, but it seems that their origin can be explained by poor
drainage conditions due to blockage of the streams by sandbars on the now
submerged continental shelf, combined with a more humid climate. Relatively
strong floods during short periods that drained the western trough can explain the
abrupt termination of the coastal wetlands. The eastern marshes started to develop
when the sea level rose slowly but steadily, resulting in a higher water table and
causing poor drainage conditions in the eastern part of the Carmel coastal area.
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PRIMARY LOESS FORMATION IN THE NEGEV DESERT:
INITIAL RESULTS

Crouvi, O.12, Amit, R.2 and Enzel, Y.1

1. The Institute of Earth Sciences, The Hebrew University, Givat Ram,
Jerusalem, 91904
2. The Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

Quaternary loess sequences and their paleosols are the products of varying
climatic and environmental conditions. Interpreting such sequences involves
integration of climate, dust availability, deposition and accretion processes. Yet, these
processes and their environmental requirements are poorly understood, particularly
in desert loess. In addition, most desert loess studies focused on thick fluvially
reworked loess sequences, which complicate extractions of paleo-climate and paleo-
environment information due to non-uniform accumulation process under varying
aeolian, fluvial, and erosion processes. To avoid this complexity we identified
primary aeolian loess sequences in the Negev and focus our study on the diagenesis
and pedogenesis that turn dust into primary loess, as the first process involved in
generating loess sequences. Understanding the factors governing these processes will
enable us to contribute new data to the reconstruction of the Negev paleo-
environments, dust storms, and other regional climatic conditions that prevailed
during the Late Pleistocene.

As a first step we used spectral field measurements to detect primary loess
from all other fine-grained sediments on remotely sensed images (Landsat and
ASTER) and to map the spatial distribution of the loess throughout the Negev. We
found that the loess spectrum is controlled mainly by a deep Al-OH absorption
feature, due to its high clay content. Primary loess was detected on most of the central
Negev highland, mountain tops and plateaus, and in several areas in Jordan. The
southern and eastern extents of the primary loess in the Negev and Jordan,
respectively, follow the 80-100 mm/yr isohyets and are clearly associated with the
southeast corner of the Mediterranean. Initial studies of a few such primary loess-
paleosols sequences reveal that pedogenic processes impacted the entire thickness
(0.5-5 m) identified; i.e. there is no original dust without pedogenesis during dust
deposition and accumulation. However, only few buried soils are evident. The 5 m
thick loess sequence in Mt. Harif was chosen as a key site. The grain size distribution
of its topmost layers is almost identical to current suspended aeolian dust in the
Negev, but the lower part is finer. The clay mineralogy is mostly illite-smectite and
kaolinite, with increasing palygorskyte content towards the lower part. Our
preliminary results suggest that this OSL dated 100-14 ka sequence was accreted
almost continuously with only few breaks and its accumulation was controlled by
rainfall amounts, thus most of the dust was deposit through wet deposition. The
spatial distribution of the loess indicates a western local source for the majority of
dust, such as the expose shelf of northern Sinai during the LGM, in association with
the southeastern corner of the Mediterranean and the sharp north-south rainfall
gradient.



REMOTE SENSING MAPPING OF THE PRECAMBRIAN~
CAMBRIAN CHEMICAL WEATHERING: THE PENEPLAIN IN
SOUTHERN ISRAEL

Crouyvi, O.12, Avigad, D.1, Beyth, M.2, Ben-Dor, E.3 and
Sandler, A.2

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

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

3. The Department of Geography and the Human Environment, Tel
Aviv University, Tel Aviv, 69978

Extending from Morocco to Saudi-Arabia, the late Neoproterozoic-Cambrian
peneplain represents the culmination of an extensive erosion period at the end of the
Pan-African orogeny. Several studies reported evidence of significant chemical
weathering at the basement-sediments interface in few localities, including in
southern Israel, and a preliminary study has recently emphasized the potential role of
this feature in monitoring North Gondwana paleoenvironment. In Mt. Timna and
Nahal Sheoret, Precambrian granites underlying the Cambrian sandstones are deeply
weathered to saprolites made of ordered illite-smectite and kaolinite, which in turn
suggest chemical weathering in a humid-tropical climate. Yet, the spatial distribution
of the weathering zone has never been mapped. In this study we combine
Hyperspectral and multispectral remote sensing technology, field spectroscopy and
laboratory analysis to map the weathering zone at the peneplain in Mt. Timna and
adjacent areas.

In Mt. Timna, the 2-5 m thick weathering zone comprises highly weathered
granite forming gentle slopes that are distinctive from the steep slopes of the massive,
intact granites. The field spectra of the weathered granite exhibit strong Al-OH
features, suggesting high concentration of kaolinite and other dioctahedral clay
minerals. On the other hand, the spectrum of the unweathered granite exhibits a
shallow Al-OH feature of illite. We used the airborne hyperspectral sensor DAIS-7915
to map the weathering zone in Mt. Timna. The results show that the weathering zone
appears not only at the basement-sediments contact, but also in places where no
Cambrian sediments are found. Combined with DTM, the weathering zone
apparently represents the Precambrian-Cambrian paleotopography.

In addition, we used multispectral sensors, such as Landsat and ASTER, to
differentiate the weathering zone from the surrounding rocks and were able to map
the peneplain distribution in Nahal Sheoret and in adjacent areas. Thus, remote
sensing mapping is a useful tool in tracing evidence for basement chemical
weathering over the entire region and thereby help deciphering the scale of the
weathering phenomena, which is a key feature for unraveling the Precambrian-
Cambrian environment.
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HYPERION HYPERSPECTRAL SPACEBORNE DATA APPLIED
FOR GEOLOGICAL RESEARCH AND MINERAL MAPPING: A
CASE STUDY IN DANA NATIONAL RESERVE, JORDAN
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Remote sensing using airborne and/or spaceborne sensors has been widely
utilized since the 1980’s for earth surface research. Observing ground features from
space with high spatial and spectral resolutions on a regional scale is an advantage
for geological research and mineral mapping.

Most of the minerals within rocks can be identified according to their spectral
signatures resulting from electronic and vibration processes which are stimulated by
photons hitting the minerals atoms and molecules.

On November 2000, NASA launched the first hyperspectral spaceborne system
named Earth-Observing-1 (EO-1) Hyperion. Hyperion is a push broom imaging
spectrometer with 30 m spatial resolution. Opposed to the common operated
spaceborne sensors that have only 4 to 7 spectral bands, the Hyperion has 242 bands
between 0.4 and 2.5 microns, at approximately 10 nm spectral resolution. Such a high
resolution enables a detailed view of spectral features on the ground.

The prime objective of the current research is to explore the potential use of the
EO-1 Hyperion data for mineral characterization and geological mapping, and to
reach a quantitative indication of the mineral distribution in the study area.

The Danna national park reserve, located in western Jordan, was chosen as a
case study. It extends from the top of the Rift Valley at the east, down to the desert
lowlands of Wadi Arava in the west. The geology includes igneous rocks,
predominantly Precambrian, as well as sedimentary rocks ranging from Cambrian to
Quaternary terrestrial sediments. In order to reach significant results, the Hyperion
raw image underwent through several preprocessing steps including atmospheric
correction and removing artifacts caused by the pushbroom system. This includes
crosstrack illumination shift (smile effect) and striping. Rock samples, collected in
Beer Ora, Timna Valley, were used as ground truth for an Empirical Line spectral
correction.

Several classification methods, based on the ENVI image processing software
package, and absorption features depended indices were applied to the data.

It is important to note that methods practiced in this research can be
applied for comprehensive analysis in different geological setting and other
disciplines such as soil, vegetation, environmental study, urban research, and
more.
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THE HYDROGEOLOGY OF THE JUDEA GROUP AQUIFER AT
THE RAMOT MENASHE AREA- NEW INSIGHTS

Dafny, E.1, Gvirtzman, H.1and Burg, A.2
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The north-eastern boundary of the Yarkon-Taninim (YT) Basin is still under
dispute. We adopt Mendel'’s (1961) approach, who argued that the Ramot Mensahe
area, between the southern slopes of the Carmel and the north-eastern slopes of
Umm Al-Fahm Mt,, is an integral part of the YT basin. We thereby provide detailed
explanations to support this hypothesis.

The Judea Group under the Ramot Menashe is folded as a wide syncline
structure. Outcrops are found at the south-eastern and north-western flanks, i.e., at
the Umm Al-Fahm and Carmel mountains, while at most area the Judea Group is
found beneath a thick section of impermeable rocks belong to Mt. Scopus and Avedat
Groups. The syncline is transected by Yagur Fault, whose displacement reaches
1200m. As a result the Judea Group rocks stand aside a relatively impermeable
alluvial fill of the Yizre'el Valley. Hence, the Yagur fault serves as a hydrogeological
boundary which eliminates groundwater flow towards the Yizre'el Valley.

The Judea Group aquifer in Ramot Mensahe is exploited through 18 wells
including Yoqne'am in the east, En HaEmeq, Daliyya and Gal'ed in the center, Tut
and Tirely in the west, and Me Ammi in the south. In previous studies (e.g.,
Goldschtoff and Schachnai, 1980; Gutman and Zeitoun, 1996) the aquifer was divided
into an eastern and a western basins, based on water table measurements solely.
However examination of the earliest watertable levels, measured in the early 1950,
exhibit a higher groundwater table at the eastern wells than at the Central wells.
Therefore it seems that in the past, groundwater flowed in a gently gradient toward
the west. Increased pumping at the east, combined with the higher transmissivity at
the western part of the basin, caused a regional groundwater level drop. Drawdown
at the Yogne’am area was higher compared with the central area; hence a water
divide was formed. The exact water divide location is subdue to movement
according to recharge and pumping regime, therefore cannot be used as a specific
hydrogeological boundary. The Yagur Fault is the ultimate eastern boundary of the
basin, which leads to increase of about 50 km2in the replenishment area, and addition
of about 10 million m?to the annual groundwater recharge.

This hypothesis is further supported by existence of high levels in Daliyya
wells, as well as by low salinities in all area, and similar level and salinity trends at the
Eastern, Central and Western wells.



HOW TO REDUCE LEACHING OF HEAVY METALS FROM
WASTE DISPOSAL SITES

Dody, A.l and Zaady, E.23
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The present research relates to an environmental friendly method to minimize
leaching of heavy metals in contaminated area towards groundwater. The authors
suggest that the biological soil crust (BSC) as a cap layer over contaminant area
decrease dramatically hazard waste dispersion to the all environment. The new
method (invention) was signed as patent No. 168527.

The BSC, being usually between 1 and 15 mm thick, and often covering up to
70% of the arid or semi-arid area, is inhabited predominantly by cyanobacteria, soil
bacteria, algae, and lichens, which may be accompanied by mosses in more humid
areas, the species composition varying from place to place. Algae and cyanobacteria
produce mucilaginous polysaccharides that seal the surface and form the crust.

The most important among the crust organisms are cyanobacteria, called also
blue-green algae, organisms that have been present on the Earth for at least 3.5 billion
of years, and have created the Earth’s oxygen atmosphere. Cyanobacteria move
through soil, and leave polysaccharide sheaths behind. The soil grains are glued
together by said viscous polysaccharides secreted by cyanobacteria or green algae,
and form a hard layer. Filamentous cyanobacteria, such as Microcoleus sp., are
especially efficient in the crust formation in arid environments. The soil particles are
immobilized by being both glued to each other and entrapped in the web of fibers,
wherein the cyanobacterial basis may be further strengthened by green algae, lichen
species, or other plants, according to the climate of region. From among lichens,
which are algae or cyanobacteria symbiotically living with fungi, Colema may be
named as a typical representative, important in microfloral crusts.

The advantages of the BSC are: a. reducing water percolation and therefore
reducing dramatically leaching of contaminants towards groundwater; b. Reducing
soil erosion of the cap layer; c. Longevity and durability of the crust; d. Preventing
deep roots plants to grow over the cap layer and e. Minimizing the maintenance of
cap layers.

In order to check preferred ways of utilizing the new method, the authors
examined how the organisms, useful for soil stabilization, were spreading under the
conditions of the Northern Negev via water and air ways. Rainwater runoff and dust
were checked for the content of particles involved in the reproduction of the relevant
microorganisms. For this purpose, 16 stations were established for collecting dust,
and 30 experimental plots were established in two difference ecotype. In each one, 5
plots initially having the crust and 10 initially lacking the crust, where 5 of them were
used for reference. In the experiments, the study focuses on the way how to enhance
or recover the microfloral soil crust.



THE NECESSITY OF SALT PRECIPITATION FOR THE DEAD SEA
MODELING
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The Dead Sea is a hypersaline terminal lake with a composition that differs
significantly from regular seawater. During the winter the DS is well mixed but in the
spring a thermocline develops and the lake becomes stratified. Evaporation, mainly
during summer leads to the development of a destabilizing halocline together with a
stabilizing thermocline. Thus, the upper mixed layer is warmer due to heating and
more saline due to evaporation than the lower layer. In the autumn, when the upper
layer cools sufficiently, the lake overturns and becomes mixed again. To model this
behavior one has to take into account the unique features of the Dead Sea. These
features include the need for a special equation of state, determination of water
activity and its impact on the evaporation rate, water inflow, including rejected brine
(end brine) from the Dead Sea works and salt precipitation from the DS water body.
The modeling of the water activity and salt precipitation requires a multicomponent
(rather than usual salinity-based) model which enables determination of the degrees
of saturation for specific salts and the calculation of the corresponding amount of
precipitated salt required to maintain saturation. This precipitated salt accumulates
on the bottom of the lake thus making the water deficit greater than surmised from
observed water level drop.

In the present study we modified the 1-D Princeton Oceanographic Model
(POM) incorporating a new equation of state. The model correctly reproduces the
measured temperature and salinity profiles, sea level drop and seasonal stratification
and overturn of the DS. Our results show that the timing of the overturn is
determined by the interplay between the temperature and the salinity of the mixed
upper layer. The greater amount of salt in the water in the case of no salt precipitation
results in premature overturn. Thus, salt precipitation and its impact on the mixed
layer salinity were found to be of utmost importance.
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ECOLOGICAL TRENDS ACROSS A HUMAN-IMPACT ORGANIC
LOAD GRADIENT ALONG THE MEDITERRANEAN SHORE:
BENTHIC MACROFAUNAL EVIDENCE

Edelman-Furstenberg, Y.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

Man-induced changes in the Israeli Mediterranean shore had a strong
ecological imprint on the biota. This is especially true for the area of Palmahim, in the
vicinity of the treated sewage sludge outlet. Macrobenthic invertebrates such as
shelled mollusks are known to be sensitive indicators of seafloor oxygen levels, water
energy and sediment mass properties and, importantly, can leave an interpretable
fossil record via their biomineralized skeletons. Investigating the fossil- or death
assemblage record of these organisms should thus provide a valuable new source of
insight into paleoenvironmental conditions for periods before human impact and
before biological surveys of the area began.

A sub-sampling of box core sediment samples from an along-shore transect
that crosses the Shafdan area but also includes areas peripheral to the main impact
area were examined. Molluscan death assemblages from summer (07.03) and winter
(01.04) from two stations were analyzed and species richness, evenness, relative and
total abundance were calculated. First macrofaunal results from the area of the
sewage outlet (station PL3) show that species richness and number of specimens per
gram sediment are lower than those from the oligotrophic station PL29.
Unexpectedly, there is a significant difference in species richness and total
abundance/gr sediment between summer and winter in death assemblages from the
treated sewage outlet station (PL3), similar to that seen in the live benthic
foraminifera data. This may point to extremely high sedimentation rates for this
station on the one hand and extremely strong impact of the sewage on the fauna on
the other hand.

The samples set of box core data (molluscan death assemblages) will be
correlated to the information of the live molluscan fauna from the same samples.
Comparison between the live and dead assemblages adds significance to information
regarding the extent of the natural variations within the system and thus a better
reference to the present-day ecological state of the system.

0
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THE EVOLUTION OF POROSITY DURING MIXING-INDUCED
PRECIPITATION

Emmanuel, S. and Berkowitz, B.

Department of Environmental Sciences and Energy Research, Weizmann
stitute of Science, Rehovot, 76100

The dynamics of porosity evolution are explored during mineral precipitation
that is induced by the mixing of two fluids of different compositions. During mineral
precipitation in geological formations, the physical parameters that characterize the
rock matrix, such as porosity and specific surface area, can change significantly. Here,
a series of coupled equations describing fluid flow, solute transport, precipitation
kinetics, and changes in porosity were solved using a 2D finite element numerical
model. In addition to exploring precipitation patterns in homogeneous and
heterogeneous domains, the influence of two different expressions that relate specific
surface area to porosity was also examined. During the simulations, porosity was
reduced primarily in regions in which significant degrees of mixing occurred. While
an effective barrier to transverse transport was created in these regions, the fluids
bypassed the clogged areas allowing precipitation to continue farther “downstream”.
Furthermore, mixing-induced precipitation can account for systems in which some
high porosity regions are filled while others remain almost unchanged. The results
demonstrate that mixing induced precipitation represents a viable mechanism that
can account for porosity infilling in both fractured and porous geological systems.
The simulations also indicate that the choice of functional form for the specific surface
area plays an important role in controlling porosity patterns. As specific surface area
is currently one of the least constrained parameters in models of porosity evolution,
this result highlights the need for future experimental studies.



MT. CARMEL STRUCTURE AS A PLATE TECTONICS
PHENOMENON
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Mt. Carmel structure differs from other coastal plain structures of Eastern
Mediterranean by essential tectonic amplitudes, geomorphological characteristics,
wide development of magmatic formations (from Mesozoic to Cenozoic), high
gradients of gravity and magnetic fields and significant intensity of seismic events.

This structure is located between Kishon Graben (NE), Menashe (SE) and
offshore (west) depressions. Tectonically, the Carmel structure is an elevated tilted
block with heights up to 543 m between the Yagur and Atlit faults (Ben-Avraham and
Hall, 1977). Seismic activity is observed mainly within the Yagur fault zone and its SE
continuation. It should be noted that some authors (for instance, Heimann et al., 1996)
note the development of a hot spot zone between the Carmel and Kinneret areas as a
source of the Late Cenozoic magmatism. Analysis of strike of gravity and magnetic
anomalies indicates that their extension has a conformable character with Carmel
structure flanks in NE, SW and eastern parts of this area. At the same time, in the
western part of this area, extension of gravity and magnetic anomalies is oriented
discordantly to the Carmel structure. Such a distinction points to a deep nature of the
Mt. Carmel structure (Ben-Gai and Ben-Avraham, 1995). Paleotectonically, the
Carmel structure is located at the boundary between the Galilee-Lebanon and Judea-
Samaria terrains (Ben-Avraham and Ginzburg, 1990). The latest performed analysis
indicates that this boundary is displaced a few km south of the Atlit fault branch
zone. Neotectonically, this boundary coincides with the zone of seismic activity
within the Yagur fault branch system. This boundary continues onshore and divides
the area into southern and northern provinces (Garfunkel and Almagor, 1985).

For the onshore and offshore parts of the studied area a top Jurassic map on the
basis of combined analysis of geological and geophysical (gravity, magnetic and
seismic) data was developed. Additionally, new geological-geophysical profiles
through the Carmel structure and its vicinity, were elaborated. The integrated
examination indicates that the Carmel block has all features of an inter-plate
boundary structure.
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END-MEMBER FLUID SOURCES IN IRON MINERALIZATION
AND DOLOMITIZATION ALONG THE PARAN FAULT
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Iron mineralization and iron-bearing (ferroan) dolomitization in Upper
Cretaceous carbonates along faults in the Negev, southern Israel have been studied
since the 1950s. It was proposed that these mineralization were caused by
groundwater flowing through underlying Jurassic - Lower Cretaceous sandstone
from recharge areas in the Sinai Peninsula. The present study aims to identify the
type of groundwater and sources of metallic enrichments that caused the
mineralization phenomenon along the Paran fault. The study was performed at three
sites along the Menuha Ridge: Zvar Habaqbuq (ZH), Mt Eshet and Eshet Dome.

The ferroan and non-ferroan dolomitization along the Paran fault caused
significant enrichment of several elements relative to the limestone country rock (Mg,
Cu, Mn, Nji, V, Zn, Pb, and U). #5r/%Sr values have similar range in the non-ferroan
dolomite and in the ferroan dolomite (0.7076 to 0.7089, and 0.7077 to 0.7086,
respectively). In both sample types, &Sr/%Sr values in the western, most distant site
from the Dead Sea Rift (ZH) are the lowest (0.7077-0.7083). In addition, there is a
positive correlation between Mg-content of the dolomites, their 8Sr/8Sr values, and
the proximity to the Dead Sea Rift. Fe-oxides also show a positive correlation between
S5r/%Sr values and the proximity to the Dead Sea Rift. Nevertheless, the isotopic
composition of Sr does not indicate a simple mixing between two end-members for
reasons that will be discussed in the talk.

The 27Pb/204Pb and 206Pb/204Pb ratios of Fe oxides and dolomites from all
three sites along the Paran fault plot on a straight line, where the Fe-oxides
values are at the non-radiogenic end of the line. On the other hand, 28Pb/204Pb
values do not correlate with either 27Pb/2%Pb or 206Pb/2%Pb values. Thus,
whereas Sr isotopes do not indicate - simple mixing, both 26Pb/24Pb and
207Pb/2MPb ratios in dolomites and to a lesser degree in Fe-oxides suggest that a
mixing between two end-members controls the behavior of Pb in the
mineralization products along the Paran fault. Two types of groundwaters were
involved in the dolomitization and mineralization. The first water source is the
Mg-rich Dead Sea Rift brine, migrating in the subsurface before dolomitizing
the carbonate bedrock. Based on the known geological history of the region, it is
probable that this process took place in the Late Miocene-Pliocene interval.
These brines had a deep path during their transport to the site of
mineralization, with temperatures of 50-75°C. Prior to the arrival of the DSR
brines another type of groundwater, acquiring its high elemental content from
leaching subsurface igneous rocks and clastic sediments, infiltrated along the
Paran fault, precipitating Fe-rich minerals and causing the first stage of
dolomitization. This groundwater flowed at shallower depth than the DSR
brines, and at lower temperatures (T < 50°C).



DEVELOPMENT OF STYLOLITES
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This study addresses timing of post-sedimentation stylolitization in reference
to rheology of rock, location of stylolite plane, state of stress along stylolite interface
and relationships between grain size and stylolite dimension. Stylolites are rock
surfaces marked by interlocking penetration of columnar irregularities, and clay
and/or iron oxide residues along the seam. There are two stylolite types : a)
sedimentary, in which columns subvertical to bedding form by lithostatic pressure;
and b) tectonic, characterized by columns oriented according to stress direction, often
parallel to bedding planes but formed under tectonic pressure. This study is based on
99 samples of carbonate rocks, including calcareous conglomerates, collected from
Elat to the Hermon. Samples include both stylolite types and range in age from
Jurassic to Neogene.

Identical composition of clays and iron oxides sampled from rock and seams
suggests that insoluble residue in the seams remains due to stylolite formation by
pressure solution. Part of the dissolved calcite crystallizes within joints and forms
veins, evidenced by calcite veins striking parallel to stylolite columns and thinning
with increasing distance from the stylolitic interface.

In a few rocks, microscopic planes with increased clay concentration were
found between clay-rich and clay-poor varieties. We suggest the clay concentration
planes represent the first stages of pressure solution. Sometimes stylolite planes form
the boundary between lithofacies varying in amount of microfossils. Stylolitic
interfaces between single-bed lithofacies variants or different rock layers suggests that
stylolites form preferentially on planes of inhomogeneity.

Straight planar contacts with fine stylolite columns between conglomerate
pebbles, and partly dissolved fossils indicate that stylolitization processes can occur in
solid rocks well after diagenesis was completed.

Serrated and rectangular shapes are two end members of stylolite geometries.
Rectangular forms are more common in rocks with large fossil fragments whereas
serrated forms are abundant in rocks with smaller grains or matrix. In stylolites with
rectangular columns, the thickness of the insoluble residue seam is greater parallel to
the stylolite plane as maximum stress concentration occurs at this location; thinner
seams develop along the column sides where stress is lower as the sides slip along
each other.

There is an inverse relationship between grain size of the parent rock and
amplitude and wavelength of stylolite columns. These relationships are attributed to
higher surface energies in rocks of small grain size, enhancing the process of pressure
solution and resulting in longer stylolite columns.



BRITTLE ASPECTS OF EARLY TERTIARY EXTENSION IN THE
CANADIAN CORDILLERA
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The Lake Okanagan Fault (LOF) coincides with the boundary between
Intermontane Terrane and Quesnellia in the southern Canadian Cordillera. The LOF
is a complicated detachment associated with the development of the Okanagan core
complex (OCC), which juxtaposes Eocene hanging wall successions against the
footwall igneous and metamorphic block. This study we focuses on the early Tertiary
brittle deformation that accompanied the tectonic and/or erosional exhumation, of
the OCC.

Three deformational styles, shallow ductile shear, shallow brittle shear and
steep brittle faulting ranging from normal to strike-slip, were formed progressively as
the structure was exhumed. In the study region macro-structures are rarely exposed,
although their existence can be deduced from field relationships. However,
mesostructures preserve the deformational record. We measured the fault planes
attitude and their striations and use the combination of striae and displaced contacts,
and/or recrystallization, mainly calcite, in pull-aparts to determine the sense of
motion on faults. Our study reveals at least two different stress regimes since the
early tertiary. The most significant group of faults, in most stations, comprises of
closely-spaced faults with very small dispersion of strikes that are either
perpendicular to bedding, or which were sub-vertical to inferred paleohorizontal
surface. Stereographic projections of this group are very similar to observed open-
mode fracture system (joints). They are also parallel to both major extensional faults
and early Tertiary dykes. This indicates that the early Tertiary deformation,
immediately after the ductile-brittle transition was dominated by WNW to ESE
extension resulting in a pervasive and intense fracture set, striking NNE. A later NE-
SW compressional deformation resulted in reactivation of these joints as normal,
reverse and strike-slip faults, and small or major folds.

Our new data provides a framework for the interpretation of map structures.
The oldest early Tertiary structures include a major shallow detachment, with a west-
northwest displacement. Paleothermometric data across the detachment indicate the
omission of 6-10 km of crust. We document a change in footwall rheology from
ductile to brittle as it was exhumed and progressively incorporated into the hanging
wall. Once the footwall was largely exhumed, it was, together with both major
detachment and the hanging wall Eocene succession, deformed by brittle extensional
structures that record, the initial WNW-ESE extension followed by the subsequent
northeast-southwest compression. Coal-bearing fault-line sediments at the top of the
Eocene hanging wall succession were subsequently exhumed by the erosion of ~3.5
km, probably during regional epeirogenesis that predates Miocene Plateau basalts.

Zi)
34



MULTIDISCIPLINARY GEOPHYSICAL STUDY OF THE
HYDROGEOLOGICAL ASPECT OF SINKHOLE PROBLEM AT THE
NAHAL HEVER SOUTH SITE
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In the Dead Sea costal area of Israel, a field study using combination of surface
geophysical methods was carried out in framework of NATO Science for Peace
Project SfP 981128. The aim of this project is to study experimentally relationships
between groundwater flow and sinkholes development. During the survey, the
following methods were applied: Seismic Refraction, Magnetic Resonance Sounding
(MRS), Transient Electromagnetic in his fast sounding mode (TEM FAST),
Continuous Vertical Electrical Sounding (CVES). In this paper, we present results
obtained in Nahal Hever south site, where 6 seismic refraction lines (in addition to 6
previous profiles), 14 MRS, 95 TEM soundings and one 420-m-long CVES profile
across the investigated area (500x500m?) were performed.

The seismic refraction study permitted delineating a salt layer border. It was
found out that in the studied area, sinkholes as a rule are located just before and
behind the borderline.

From TEM measurements, a 3D distribution of the resistivity down to
approximately 40-60 m was derived. TEM results show that sinkholes are preferably
located within the area delineated by isoline of the resistivity between 0.5 and
0.750hm-m.

MRS method reveals with very high degree of reliability that below actually
existing sinkholes exist water-filled voids, which are interpreted as dissolved salt
formation. A strong correlation between the shallow aquifer and sinkholes
development was observed. Basing on MRS and TEM FAST results in Nahal Hever,
we propose a dynamic dissolution model of sinkholes development with shallow
groundwater as an accelerating factor.

A simple and robust geophysical tool for estimating of risk of sinkhole hazards
is developed. This tool is based on combined use of MRS and TEM FAST over known
salt structures, which location can be indicated by seismic or drilling. However, it was
noted that very high electrical conductivity of rocks in Dead Sea area (<1 ohm-m)
reduces significantly the depth of investigation of MRS (30-50 m in Dead Sea shore
area instead of typically 80-120 m). The smaller depth of investigation is diminishing
the efficiency of MRS application in this area.



OBSERVATIONS OF THE NORTHERN DEAD SEA BASIN
EARTHQUAKE ON 11/2/2004 AND SITE EFFECT ASSESSMENT
USING STRONG MOTION DATA IN ISRAEL
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We present observations of the northern Dead Sea basin earthquake, Mw 5.2,
on February 11, 2004. The mainshock was followed by a relatively short sequence of
aftershocks, which lasted for about a month having small magnitudes. The
aftershocks were occurring mainly west of the mainshock, along a transverse line
crossing the northern Dead Sea basin. Focal plane solution of the mainshock suggests
a strike slip faulting. The focal mechanisms of the aftershocks present mainly strike
slip motion but also normal and reverse faulting.

We evaluate the seismic amplification effects due to sedimentary deposits and
topographical conditions in the Israel from the recorded accelerograms of earthquake
in the Dead Sea basin. The earthquake triggered 26 strong motion accelerometers
located in different geological conditions. The response functions are determined by
implementing the horizontal-to-vertical (H/V) component spectral ratio of
earthquake shear wave (receiver function estimates). Out of the 26 accelerograms that
recorded the earthquake in 18 we observe site amplification of the ground motion
that is due to site conditions, or topographic effect or located near a steep cliff.
Amplification effects due to near-surface geological conditions of factor 4-6 are
observed at frequency range of 0.8-4 Hz. In the seismic stations located on the high
plateau near escarpment top or the smallest mountainous area we observe
amplification the motion in the frequency range of 1.0-3.0 Hz with factor of up to 5. At
these sites we observe large differences between N-S and E-W components.



CHROMIUM ACCUMULATION AND MOBILITY IN SOILS: A
CASE STUDY FROM THE ISRAELI COASTAL PLAIN.

Ferdman, M.12, Weisbrod, N.1 and Adar, E.12

1. Department of Environmental Hydrology & Microbiology,
Zuckerberg Institute for Water Research, Blaustein Institutes for
Desert Research, Ben-Gurion University of the Negev, 84105

2. Department of Geological & Environmental Sciences, Ben-Gurion
University of the Negev , P. O. Box 653, Beer-Sheva, 84105

High concentrations of chromium (Cr) in soils and groundwater are a
significant environmental problem. Under natural environmental conditions,
chromium can be found either as chromium VI or as chromium III. Cr(VI) is mobile
and toxic while Cr(III) is much less toxic, usually immobile and tends to accumulate
in soils. Over the last 40 years, an industrial plant located above the coastal plain
aquifer of Israel in the Sharon area has produced large amounts of Cr(VI)-rich
wastewater. This study focuses on the exploration of: (1) the accumulation of
chromium in the soil profile within the industrial plant; (2) the movement of soluble
chromium from solid waste and/or from contaminated soils to the groundwater.

High concentrations of chromium, up to 1550 ppb, have been detected in
several drinking-water wells located around the industrial zone. Nevertheless, only
low concentrations of Cr were found across most soil profiles. Only in a few disposal
sites did Cr total concentrations reach the threshold values so as to be defined as
“contaminated”. High concentrations were mainly at shallow depths. To improve
understanding of the fate of Cr, high (10 cm) resolution soil profiles were sampled in
the contaminated area, and the concentrations of Cr(VI) and total Cr were analyzed
independently of other analyses. Even in high resolution profiles taken from below
storage ponds, where Cr(VI)-rich solutions were stored, relatively low concentrations
of Cr were found. In addition, most of the Cr found in the profiles was Cr(II),
suggesting on the one hand reduction to Cr(IlT) and on the other hand leaching of the
mobile Cr(VI) into the deep vadose zone.

To understand the leaching of Cr from solid waste, two saturated column
experiments were performed. The rate of Cr leaching in the experiments was
controlled by its solubility and remains constant for long time periods. Most of the
leached Cr in the column experiments was Cr(VI). Additionally, two contaminated
soil profiles were extracted with water. As in the column experiments, most of the
soluble Cr in the extractions was Cr(VI). Calculation of the Cr concentration in the
pore water across these two soil profiles revealed very high concentrations, similar to
that detected in the underlying groundwater (within plumes of contamination).
These results suggest active contribution of Cr from the vadose zone to the
groundwater despite the low total concentrations of Cr that were found in the soil
profiles.




DEPOSITIONAL PROCESSES AND EVOLUTION OF THE NILE
EASITERN DEEP SEA FAN NEAR THE CONTINENTAL MARGIN
OF 1SRAEL

Folkman, Y.
Isramco Inc., 8 Granite St., Petah-Tiqwa, 49222

Following the giant gas discoveries in Plio-Pleistocene turbidite sands of the
Nile fan, several investigation campaigns focused in recent years on the fan area.
None of them however reached the continental margin of Israel. Therefore the most
eastern part of the fan was not recognized until this study.

3D seismic analysis techniques were used to study the fan characteristics in our
area. The seismic data set was acquired and processed by British Gas, as part of their
offshore Israel exploration program. It covered a large deep-sea area of 1400 km?, to
the west of the continental margin of Israel.

The Nile fan was identified primarily based on recognition and delineation of
spectacular meandering seabed and sub-seabed submarine channels. Seismic
stratigraphy and facies characteristics were used to identify other fan building
processes.

In the study area the Nile fan has evolved since early Pliocene to present time.
The base of the fan is well defined by pre-existing base Pliocene channels, implying
pre-Nile supply of turbidites from the east. The fan is underlain by more than 1000m
of Messinian salt, which dictates the structural style. The total thickness of the fan
decreases to the northeast, from 1100 m to 500 m.

The fan was divided into two sequences that were formed by different
depositional processes:

The early Pliocene lower sequence consists of uniformly bedded high
amplitude reflections with no recognizable channels. These characteristics indicate
sand rich turbidite sheets in a basin floor depositional environment. The late Pliocene
to recent upper sequence is heterogeneous. It consists of three depositional patterns
typical for slope environments: Turbidite channel complexes, slump deposits and
hemi-pelagic sedimentation. Seismic amplitudes are low implying a mud rich system
with some sands mainly in channels.

Two stages of fan evolution are demonstrated by the two sequences:

In the earlier stage the turbidites were richer in sand. The study area formed a
deep basin floor, far from direct sedimentary influence of continental margins. In the
later stage the study area turned into a slope environment due to advanced
progradation of the Nile delta and the Egyptian continental margin. The prograding
continental margin of Israel in the east got closer to the fan and restricted its extension
to the east.
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BASIN-MARGIN PROFILE AND MODE OF TRANSITION TO THE
BASINAL FACIES IN THE CENOMANIAN OF THE GALILEE

Frank, R.1}, Benjamini, Ch.! and Buchbinder, B.2

1. Department of Geological and Environmental Sciences, Ben-Gurion
University of the Negev, P. O. Box 653, Beer-Sheva, 84105
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The western margins of the Mid-Cretaceous Arabian platform have been
described from the subsurface of the Coastal Plain as far north as the Carmel region
(Bein, 1971). There, biogenic reefs of the Albian Yagur Fm. and the Upper
Cenomanian Zikhron complex (e.g. Bein, 1976; Sass & Bein, 1982) typify margins on
which biogenic rudist-dominated barrier reefs on the shallow platform edge, form an
elevated rimmed-shelf profile and steep offshore slopes. Thick clinoforms with steep
depositional inclinations in the Cenomanian of the western Galilee were also
considered to be biogenic reef complexes by Freund (1965). However, observations in
the Cenomanian rudist-free carbonate system of northwestern Galilee, as well as the
rudist-dominated system described from northern Sinai (e.g. Bachmann & Kuss,
1998) conform more to a homoclinal ramp geometry. Our present study of the west-
central Galilee raises three issues: Firstly, is the rimmed shelf profile approach of the
Carmel applicable to the Upper Cenomanian in the north? Secondly, what factors
controlled the platform profile there? And thirdly, how does the platform profile bear
on the transition to more basinal facies?

A variety of shallow- mid- and outer-ramp carbonate facies characterizes the
Upper Cenomanian Yanuch Fm. in the westcentral Galilee. Facies units are
organized in cycles, tens of meters thick, typical of homoclinal ramps. Only during
the final cycle did the platform profile steepen radically (to 35°). This abrupt, short-
term steepening can be attributed to two factors: 1) Development of southwestward-
dipping listric growth faults and associated half-grabens producing steep gradients
and new accommodation space in the deeper outer-ramp facies; 2) Rapid and
efficient lateral highstand progradation in shallow phase of this cycle, with bioclasts
of the shoreface forming clinoforms prograding first on the hanging walls and finally
above the footwalls of these faults. The result is a considerable distal steepening of the
ramp. An exceptionally high rate of rudist growth is not necessary for these features.

We conclude that, 1) The carbonate system of the Galilee was, as a rule, a
homoclinal ramp unlike the biogenic shelf-edge barrier reef described from the
Carmel; 2) Facies transitions to the deep basin were mostly gradual and rather
complex, and the gradient of subsidence from shallow to deeper water was in
equilibrium with depositional rates. This is a homoclinal ramp feature; 3) In the
western Galilee, the latest Cenomanian highstand was characterized not by a barrier
reef, but by a steep prograding slope facing the basin, resulting from growth faulting
and mechanical progradation of calcarenites; 4) This brief episode of distal-steepening
of the ramp at the end of the Cenomanian highstand was exceptional during the
Cenomanian and Turonian.
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ISOLATED CAVES: EVIDENCE OF PALEOHYDROLOGICAL
CONDITIONS IN A KARST AQUIFER

Frumkin, A.

Department of Geography, Hebrew University of Jerusalem, Jerusalem,
1905

It is suggested that karstic caves in general should be subdivided into two
main groups: integrated conduit systems and isolated caves. Isolated caves are
formed by a local boost of groundwater aggressivity within the saturated zone,
without achieving a hydraulic breakthrough to the input or output of the aquifer.
Two main types of isolated caves are distinguished: chamber caves and maze caves.
Chamber caves form mainly under unconfined phreatic conditions with downward
vadose contribution, while isolated maze caves form in high-pressure zones, typical
in confined aquifers. Although classic karst literature have been oriented more at
integrated caves, isolated caves are very common, comprising over 95% of the caves
in the Judean mountains, Israel, as well as some of the longest known caves
worldwide.

Morphometric analysis of isolated caves over an entire karstic region, such as
the anticlinal arch studied here, helps to decipher a comprehensive spectrum of
paleohydrological conditions. Regional analysis of many caves is essential, because
single caves may be affected by local conditions which depart from the regional
trends. This case study demonstrates that morphometric analysis can be used to
reconstruct the paleo-watertable and the morphotectonic evolution of the terrain.

The two morphological types of isolated caves in the studied region are also
distinguished by their geographic distribution: maze caves are associated with the
confining Mt. Scopus Group, while chamber caves are not. They also seem to differ in
their original water flow: maze caves originate by rising water, and chamber caves by
downward flow mixing with phreatic water. The distribution of large maze caves
reflects areas which have been confined by the Mt. Scopus Group during cave
formation. On the other hand, the distribution of large chamber caves reflects the
extent of the Judean erosion surface during cave formation, supporting phreatic
unconfined conditions after the removal of Mt. Scopus Group. Comparison of the
paleohydrologic conditions to the modern ones shows that the confining Mt. Scopus
Group was mainly dissected by fluvial downcutting since cave formation, while areal
denudation has decreased. The remaining outcrops of Mt. Scopus Group together
with the maze caves indicate the limit of the original Judean erosion surface. The
large chamber caves close to the modern water divide at ~750 m assl, and their
relation to present stable watertable gradients of the aquifer indicates that this area
has been uplifted by at least 500 m since cave formation.

Frumkin, A., and Fischhendler, L., 2005, Morphometry and distribution of isolated caves

as a guide for phreatic and confined paleohydrological conditions. Geomorphology
67: 457-471



THE POSSIBLE MANTLE ORIGIN MECHANIZM OF OIL AND
GAS DEPOSIT IN TERRITORY OF ISRAEL

Galant, Y.
P.0.Box 164, Yokneam-Moshava, 20600

Observing of geological-geochemical data over the world showed that
naturally for deposits forming as structure as well hydrocarbons fluid flow presence
is necessary. Special interest present rift structures in which concentrated 80% of
world reserves. An important fact is being dynamic of rift, that influences on supply
of either oxidized or reconstructed fluids. As shown in previous research (Galant,
2005), sliding apart of Dead Sea rift gives a reconstructed fluids. Existence of mantle
diapir under the Dead Sea rift supplies fluids from big depths - this flow exists also at
the present time. This way, showed presence of benzofluoren and pyren-coronen
associations of polycyclic aromatic hydrocarbons on west boundary of Dead Sea rift
and on North-West part of basalt cover of Dead Sea (Galant, 2005, AAPG Petroleum
Conference, Paris). Presence of net of fault structures can bring about transporting of
those fluids - from mantle diapir to sediment thickness.

At the present time two points of view on oil origin exist -~ organic and non-
organic. Evaluation of oil and gas bearing of territory of Israel preferably to perform
from non-organic (signed above) point of view, because of this fact that the most part
of sediment rocks of Israel are dolomites, which as considered, have a low organic
generation potential of oil forming.

Thus, such geologic-geochemical factors as:

rift structures

stretching of rift

existing of mantle diapir

degassing of diapir and existence the net of faults are favourable for originating
of oil/ gas deposit in Israel.

41 d



THE DISSOLUTION KINETICS OF SYNTHETIC ZEOLITE NAP1
AND ITS IMPLICATION TO ZEOLITE TREATMENT OF
CONTAMINATED WATERS

Ganor, ].1, Cama, J.12, Ayora, C.2 and Querol, X.2

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

2. Institute of Earth Sciences "Jaume Almera", CSIC, Lluis Solé i Sabaris,
Department of Environmental Geology, Barcelona, 08028, Catalonia

The effect of pH on the dissolution kinetics of NaP1 zeolite, which was
produced from alkaline treatment of coal fly ash and may be used for
decontamination of acid mine waters, is studied. The sample contains considerable
amounts of accessory phases that partly dissolve during the experiment. Therefore,
the dissolution rate was estimated during a stage in which the Al/Si ratio was equal
to that of NaP1 (0.6). During this stage the release rate of these elements is controlled
by the dissolution of the zeolite itself. The dissolution rate of NaP1 slows down with
increasing pH in the acidic range, becomes constant at an intermediate pH, and
increases with increasing pH in the basic range. The observed changes in rates were
described using a rate law based on a surface speciation model. Using this rate law,
the half life of NaP1 was calculated to be about 2 years at circum neutral pH, and less
than 10 days at pH below 3. For a utilization of NaP1 in the treatment of wastewaters
or acid mine waters, these short half-lives bear two implications: (1) The treated
waters must be kept at near neutral pH, and NaP1 should be added periodically to
the treated waters in order to compensate for zeolite loss; (2) In water treatment
applications that require a relatively short reaction time, the zeolite removed from the
effluents should be kept dry in order to avoid its decomposition and the consequence
release of the adsorbed metal to the environment.



LITHOFACIES ANALYSIS AND PETROPHYSICAL STUDY OF THE
YARKON-TANINIM AQUIFER.

Gendler, M.1, Goldberg, 1.1, Fleischer, L., Wald, R.}, Ben-Gali,
Y1, Steinberg, J.2, Dafni, E.2and Gvirtzman, H.?

1. Geophysical Institute of Israel, POB 182 Lod, 71100
2. Institute of Earth Sciences, Hebrew University, Givat Ram, Jerusalem,
91904

A large number (several hundreds) of recorded oil, gas and water wells were
drilled into the Yarkon-Taninim aquifer since 1954. Available composite logs mainly
contain lithological information based on cuttings, cores and electric logs. At the same
time, in a significant number of wells, there are hundreds of meters of missing
lithological description due to drilling with no return (LOC intervals). These “blind”
intervals are commonly corresponding to the Judea Group formations. A lack of
reliable lithological information in these intervals considerably complicates the
geological correlations. Presently, the exploration of these formations has yielded an
abundance of log data, which can compensate for the missing information and thus
replenish data to fill in these gaps and to allow a continuous computation of aquifer’s
petrophysical properties such as limestone, dolomite and clay content, porosity and
water salinity.

We present a new “Extended Composite Log” format of digital well logs, which
combines petrophysical well log information with lithological and stratigraphic
markers. These logs are used in particular to fill the missing data of the LOC intervals.
The accurate porosity and the lithology determination are based on a combination of
available acoustic, neutron and density logs. Porosity is calculated taking into account
lithological variations (sandstone, limestone, dolomite, shale). The results of lithology-
porosity calculations are later on used for formation fluid analysis of the aquifer
(water salinity), lithofacies model definition and for regional well correlation.

The formation water salinity is usually calculated from well logs using the Rwa
method, which is the apparent resistivity of formation water obtained using the
Archie equation, assuming a clay-free water-saturated formation. The set of statistical
relationships between logs and well test data are established in order to facilitate
quantitative interpretation of aquifers. The proposed petrophysical approach,
combined with geological and geophysical information, provide a quantitative aid to
groundwater exploration and can support a more reliable solution of the following
problems: mapping the subsurface extension of the formations, subdivision of the
aquifers into sub-aquifers, estimating their lateral and vertical relations and the
transmissibility properties, the lithofacies heterogeneity of aquifers, the estimation of
groundwater salinity, determination of the fresh/saline water interface and
consequently the estimation of fresh groundwater reserves.
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HYPERSPECTRAL REMOTE SENSING AS A TOOL FOR
GEOLOGICAL EXPLORATION - EXAMPLES FROM THE
NORTHERN DANAKIL DEPRESSION, ERITREA

Gersman, R.13, Ben-Dor, E.2, Beyth, M.3 and Avigad, D.1

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

2. Department of Geography, Tel Aviv University, Tel Aviv, 69978

3. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The present study examines the feasibility of the spaceborne NASA Hyperion
sensor dataset for geological mapping, as a tool for sustainable use of nature
resources in Eritrea.

The study area was the northern edge of the Danakil depression at the Eritrean
Red Sea Lowlands. This area comprises Neoproterozoic metamorphic and igneous
rocks of the Arabian-Nubian shield, and rift-related sediments and volcanics,
associated with incipient continental breakup that currently governs the tectonics of
this region. Two different targets were chosen as case studies: 1) Hydrothermally
altered rocks within the Alid volcano and 2) A major Neoproterozoic tectonic contact
("Transition Zone"), separating greenschist-facies metavolcanic schists and
metasediment schists and phyllites from, structurally lower, high-grade (garnet-
amphibolite) pelitic schists and gneisses.

The Hyperion sensor is sensitive to 198 channels in the reflective region of the
electromagnetic (EM) radiation. The spatial resolution is 30x30m and the dimension
of the scene is about 7.5x90 km. We also used the multispectral ASTER sensor as a
source for complementary data.

About ninety field samples were collected for laboratory spectral
measurements. The mineralogical composition of selected samples of hydrothermal
altered rocks and of aeolian/alluvial planes was studied using x-ray diffraction, and
the petrography of selected metamorphic rocks was studied.

Surface materials including dolomite, kaolinite-illite, iron oxides,
chlorite/epidote and possibly ammonium were mapped, using narrow spectral
bands of specific absorptions, which are the major advantage of the imaging
spectrometers over the multi spectral sensors.

Ammonium signature was detected in the laboratory spectral measurements
and, for the first time reported, by the Hyperion data. It is associated with the
hydrothermal altered areas within and around the Alid volcanic dome.

The ASTER spectral resolution was found insufficient to discriminate the
reflectance curves of the low-grade phyllites from that of the underlying high-grade
pelitic schists. Thus it proved incapable of spectrally mapping the transition zone
which is a significant basement structures in this area. Hyperspectral inspection of the
transition-zone is likely to accomplish this task in the future.
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THE HORIZONTAL-TO-VERTICAL SPECTRAL RATIO
TECHNIQUE FROM AMBIENT VIBRATIONS: DATA
PROCESSING

Giller, D., Zaslavsky, Y., Gorstein, M., Aksinenko, T., Ataev,
G. and Dan, 1.

Seis7,m%16>gy Division, Geophysical Institute of Israel, P.O. Box 182, Lod,
11

Damage to property and loss of life in earthquakes are frequently a direct
result of the local site geological conditions affecting the ground motion and hence
should be seriously incorporated into seismic hazard estimation at a specific site.
During last decade we used various empirical methods to determine site response
functions including reference and non-reference techniques and various kinds of
sources of excitation - weak earthquake and strong motion recording, explosion
recordings and ambient vibration measurement. The cost of different methods varies
a lot from one to another and Nakamura's method based on the spectral ratio of the
horizontal components to the vertical component of ambient vibration is obviously
much cheaper. That is why use rapidly spread world-wide, especially in urban areas.

However, low cost techniques must provide systematic and reliable results for
realistic assessment of the vulnerabilities of all types of existing, for newly designed
structures, for urban and land use planning, and realistic earthquake damage
scenarios.

The reliability and applicability range of Nakamura technique influenced by
the different stages of data processing and requires special research knowledge,
experience and intuition. During spectral analysis of microtremor data it is necessary
to answer several questions, for example:

e Which technique has to be adapted to select time windows: manual or
automatic?
What must be the minimum time window duration?
What is the "carefully" selected time window?
What is the effect of window shape on smoothing?
How to diminish influence of anthropic microtremors (complex or almost
harmonic motions)?
e  What is required duration of microtremor record to obtain sufficient number of
time windows for good reliability?
¢ How to understand when "good" microtremor sample has been collected and
when "not good"?

The many sets of processing of ambient vibration records shows that by
observance of practical aspects of spectral estimations of random data Nakamura’s
technique provides stable and reliable results.

45 ‘E‘



EDUCATIONAL AND LEARNING CHALLENGES IN EARTH
SCIENCES IN THE 21ST CENTURY

Ginat, H.
The Arava Institute for Environmental Studies, Kibbutz Ketura, 88825

The studying and teaching of Earth Sciences in Israel in formal and informal
frameworks has advanced greatly since 1980, and a strong base is now in place. In the
junior high schools, the Israeli Earth Science curriculum includes studying the earth
systems: Matter on Earth (The Rock Cycle), Our Blue Planet (The Water Cycle) and
The Earth Systems (The Carbon Cycle). The senior high school’s first level contains
Earth materials and processes, and connects to the rock and the water cycles (“Micro-
geology”). The curriculum continues with plate tectonics (“Macro-geology”) and
concludes with the geological history of Israel and applications of Earth Sciences.
Israeli Earth Science educators have developed various learning and teaching
strategies for supporting independent study. The highest level is achieved by the
“Geotop” and by the students” Independent Research Projects, which have proved to
be a pedagogic tool with major impacts on learning and teaching. These personal
independent studies (as research projects in the Timna valley) create deep,
meaningful and enjoyable research projects.

As we enter the 21t Century, we are obliged to continue to widen and to
strengthen this base. We must continue developing new programs for primary and
high school curricula. The dynamic Earth systems (Geosphere, Hydrosphere,
Atmosphere and Biosphere) and the connections between them should be the core of
programs using and developing new teaching and learning technologies. To ensure
success, we must train more teachers and share scientific experience. In addition,
parts of the new programs should be taught in the informal educational frameworks
for children, youth, and adults.

Significant and interesting geoscience research that is done in many varied
frameworks should become part of the curriculum. For this to happen, we must
strengthen the connections between the academic community and the geological
society with teachers and students in schools.

The greatest challenge is to broaden the formal educational frameworks that
use this program. The Geology Society should lead the process of raising Earth
Science education to its rightful place in the national curriculum.

Another challenge is to continue utilizing the great potential of earth science
education for special activities, such as connections with our Jordanian neighbors on
the east side of the Rift valley.

Israel is one of the top countries for displaying active geologic processes. These
processes create endless possibilities for research topics in Earth Science. We must
utilize these by increasing cooperation between the people who have the “national
responsibility” for these resources and our students.

Earth Science education in Israel is an important resource that has great
potential to educate students for environmental citizenship and science literacy. This
literacy is necessary to prepare future generations for the increasing needs of the
society in the 21st century.
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BET-ALPHA SEISMIC CALIBRATION EXPERIMENT
Gitterman, Y., Pinsky, V. and Hofstetter, R.

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

GII conducted in June, 2005 a series of experimental explosions at Beit-Alpha
basalt quarry, Lower Galilee, in boreholes of large diameter (0.5 m) with depth of ~15
m, drilled in the cover basalt flow, weathered and cracked in the subsurface layer.
The largest shot of 20 tons, designed as a large-scale in-land calibration explosion,
was realized in a MERC project, as complementary to the Southern Sayarim shot of
32.5 tons (June 2004), with the similar design. Three smaller shots 0.5 ton ANFO, 0.5
ton TNT and 2 tons ANFO in boreholes of the same design, jointly with the large
explosion, provided a series for the explosive and yield-dependent analysis of
regional waveforms, similar to the Sayarim experiment, but in different geological
environment (media rocks, upper crust structure, tectonic settings).

Two 0.5 ton shots were fully contained, whereas for two larger shots rock
outburst and energy losses into the air were observed, resulting in reduced
magnitudes. Seismic effect of different explosives (ANFO and TNT) is also checked
for close and remote stations. Preliminary analysis shows a small (~4-5%) increase in
signal vector amplitude and energy for the TNT shot comparing to the ANFO shot (at
BB station MMLI, r~13 km), less than expected.

All the experimental explosions were observed at the dense network of SP and
BB stations in Israel, including IMS and CNF stations. The local magnitude for the 20-
ton calibration shot was estimated as ML~2.6; clear signals were observed at BB EIL
(322 km), available records and phase data from seismic stations in Jordan and
Lebanon were collected.

Regional recordings of simultaneous Ground Truth explosions were used for
analysis of magnitude dependence on charge weight. The equation for land shots
was modified with the scaling factor similar to the estimation of magnitude upper
limit for sources of known yield in hard rocks. Coda-derived moment-rate spectra
technique was applied to BB records of several large-scale calibration explosions for
determination of stable regional magnitude.

Obtained network and array observations were used for joint location analysis
of the explosions, based on up-to-date algorithms and software and Ground Truth
parameters, estimation of location accuracy and improvement of regional velocity
models.
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H/V SPECTRAL RATIO FROM MICROTREMORS FOR
ESTIMATING S-WAVE VELOCITY STRUCTURE OF MULTI
LAYERED MEDIUM IN URBAN AREAS

Gorstein, M., Zaslavsky, Y., Aksinenko, T., Kalmanovich, M.,
Ataev, G Glller D., Dan,I Perelman, N., Glller, V., lesl'uts,
I.and Shvartsburg,

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

To provide information on site effects 3200 microtremor measurement were
performed in different sites of Israel. The site effects determination was obtained
using the Nakamura technique, which being developed empirically requires
independent estimate of site effect to confirm its ability to predict resonance
frequency and amplification level. Our results were validated by applying one-
dimensional multilayer models, calculated by SHAKE. Modeling the observed H/V
spectral ratio with 1-D transfer function requires constraint of the geological
subsurface structure with a variety of geotechnical data, which depend on layer’s
geometry and S-wave velocity.

The main source of information on the relatively shallow subsurface
distribution of S-velocity is refraction survey. It is very desirable that refraction data
will be cross referenced with data from borehole deep enough to penetrate reflector.
In practice, however, we meet rarely such an ideal situation and moreover, often we
have more than one potential reflector that can influence site response. At that point
H/V ratio checked against the theoretical transfer function enables retrieving the
velocity model. Thus, assuming the Kurdane limestone in the Qrayot area as a sole
reflector, as follows from the refraction survey data, does not provide an agreement
between the theoretical transfer function and H/V ratios and causes to wrong soil
column model. Considering two reflectors (lower - the Judea Gr. and upper - the
Kurdane Fm.) in the multilayer model we obtained the desirable fit with the H/V
curves. It is only one of numerous cases, in which during the site effects estimation
careful analysis of H/V curves combined with geophysical approaches led to
adequate understanding of the local geological conditions. Additional examples we
have in the towns of Bet Shean, Dimona, Qiryat Shemona and Shefela various areas.
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ANALYTICAL SOLUTIONS OF CLASSICAL AND MODIFIED
BUSK METHODS FOR FOLD ANALYSIS

Guralnik, B.12, Almog, E.12, Weinberger, R.2 and Agnon, A.1
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Folded structures can be reconstructed from a series of measured dips
applying the arc method of Busk. For every two adjacent dips on a cross-section, a
common center of curvature is found by intersecting the normals to these dips. When
such centers are calculated for all pairs of adjacent dips, strata can be represented as a
succession of arcs of different length and radii. By confirming the results with
stratigraphic data, the subsurface geometry of the folded strata can be reconstructed.
Furthermore, mass conservation requires that strata that extend beyond the centers of
curvature must necessarily break in order not to violate this condition. The latter
enables us to establish the depth and position of the reverse faults underneath
anticlines, as well as locate the expected reverse faults on the surface of synclines. In
the modified Busk method, "clouds" of nearby centers of curvature obtained with the
classical method are replaced with fewer "best fit" centers. Until recently, the two
methods have been practiced only graphically, which often made the results suffer
from poor accuracy, long preparation time, and a strong bias of the researcher. In the
present study, two MATLAB algorithms are presented together with a visualizing
application. The classical Busk method is implemented by calculating all the centers
of curvature and sampling the arcs as sequences of discrete points. The "best fit"
centers of the modified method are calculated for whole groups of dips using a
recursive Gauss-Newton least-squares algorithm. The precision and robustness of the
analytical approach allows analyzing large amounts of collected field data and allows
compensation for spatial measurement errors. The algorithms have been so far
applied for studying the folded structures in Wadi Tamar in the northern Negev, and
the Ramallah and Hebron monoclines in the Judean Mountains. The geometry of
these structures and their associated faults are presented.
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TERTIARY SEDIMENTARY BASIN OFFSHORE CENTRAL ISRAEL
AND ITS TECTONIC SIGNIFICANCE FOR THE EARLY STAGES
OF ARABIA-AFRICA BREAKUP

Gvirtzman, Z. and Zilberman, E.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

We focus on a thick sedimentary basin formed offshore central Israel at a time,
which the Suez Rift was active, but prior to the formation of the Dead Sea Transform.
Initially, the rims of that basin were uplifted and eroded while its center accumulated
sediments, but then, approximately along with the jumping of the plate motion
inland to the Dead Sea Transform, the basin started decaying and the entire region
including its truncated rims, tilted westward and completely buried by younger
sediments. We raise the attractive, though yet not proven, hypothesis that in the early
stage of breakup between Africa and Arabia, when divergence had concentrated in
the Suez Rift, a strike slip fault had extended along the Mediterranean margin from
the Suez Rift to the Lebanon margin allowing the Arabian Plate to slip northward
relative to the Mediterranean lithosphere by 5-10 km. In this tectonic setting the
Tertiary basin offshore central Israel is a pull-apart basin formed between two
segments of a left lateral strike slip fault. Our research may fill an important gap in
the knowledge about the early stage of breakup between Africa and Arabia and shed
new light on several opened questions: Where is the continuation of the Suez Rift
towards the Mediterranean lithosphere?; what was the cause for the renewed
subsidence offshore central Israel in the Tertiary?; why there and not so much
offshore northern Israel and Lebanon?; and how did the continental margin subside
in the Tertiary without significant E-W extension or oceanic rifting in the
Mediterranean?
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GEOLOGICAL FRAMEWORK OF THE LEVANT - A
WHIRLWIND TOUR OF THE BOOK

Hall, J. K.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

In 1993, while preparing our first book describing the results of two cruises to
the eastern Mediterranean aboard the Russian research vessel NES Academik Nikolaj
Strakhov, Dr. Valery Krasheninnikov proposed that we prepare a second book on the
Geology of the Near East. This book would include the extensive contributions of
Russian investigators to the geology of Syria, following the summary publications of
Ponikarov and others around 1967.

Work on this book began in 1996 with the addition of Chaim Benjamini,
Francis Hirsch, and later Akiva Flexer as editors. While agreeing to publish the book,
I declined any pretense of being an editor following my experiences with the first
book. In the ensuing years the Russian contributions, including more recent work in
SW Cyprus and the Levantine Basin, were completed during visits by
Krasheninnikov which totaled some seven months. In parallel, chapters on the
geology of Israel were prepared by the Israeli authors, largely based on the revised
Lexique of Israel prepared by Hirsch and Roded.

Events conspired to present me with the editorial task of finishing the book
between 2002 and 2005. This was done, and the book was printed in 2200 copies in
April, 2005. Publication was greatly aided by access to Google, and the arrival of
worldwide topography and satellite imagery on the Internet.

The book actually consists of two volumes and a boxed set of eleven posters in
a white carton weighing over 5 kg. It is unique in two ways - only four pages are left
blank, and the book is free of charge. To date most copies have been distributed, half
in Israel, and the other half sent abroad to libraries, universities, geological surveys,
and to those with an interest in Levantine geology. The layout of the two volumes is
as follows:

Volume I: Cyprus and Syria

Edited by V. A. Krasheninnikov, J. K. Hall, F. Hirsch, C. Benjamini, and A.
Flexer.

498+vi pages, many maps and figures, some in color. Over 1200 references.

Volume II: Levantine Basin and Israel

Edited by J. K. Hall, V. A. Krasheninnikov, F. Hirsch, C. Benjamini, and A.
Flexer.

826+vi pages, many maps and figures, many in color. Over 3400 references.

The book is also available as low and high resolution PDF files on DVD,
together with other digital reference data, including compressed GIS-compatible files
for all the regional geological maps of Israel, Jordan, Lebanon, and Syria. Great efforts
were made to add topography to the geological maps and diagrams, in order to aid in
navigation and understanding of the region. Essentially all the digital data is available
on request.

Whatever its faults, this book should serve as a useful reference book on the

region for years to come.
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THE IBCM-IT MEDITERRANEAN-BLACK SEA 0.1’ GRIDDED
BATHYMETRY: A PROGRESS REPORT

Hall, J. K.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The International Bathymetric Chart of the Mediterranean (IBCM) was
initiated in the early 1970s in order to produce a bathymetric chart of the
Mediterranean at scale 1:1 million, and the Black Sea at scale 1:2 million. Following
publication of the 10 sheets of the bathymetric chart with 200 m contours by the
HDNO of the Russian Navy in 1981, a series of six geophysical and geological
overlays were prepared; these were the Bouguer gravity (IBCM-G), seismicity (IBCM-
S), Plio-Quaternary isopachs (IBCM-PQ), bottom sediment types (IBCM-SED), and
marine magnetics (IBCM-M). Postcards bearing these compilations will be
distributed.

By the mid-1990s, the growing volume of underway track-line data, spot
soundings, and especially gridded data at sea from the evolving multibeam surveys,
and on land from efforts to produce DTMs, resulted in a decision to begin work on
compiling a 0.1" grid of the Mediterranean and Black Seas. This would be the IBCM-
I, and I, as IBCM Editorial Board Vice Chairman, took on the responsibility of
producing it.

Over the past 10 years more than 40% of the deep Mediterranean has been
mapped in detail using low frequency multi-beam sonars. These surveys provide
actual gridded measurements finer than the desired grid spacing of 0.1’ (<185.2 m).
However geometrical constraints make comprehensive swath mapping of the
shallow margins unlikely for the foreseeable future, with the exception of the margins
off France, Spain, Italy, and Israel.

Until such time as swath mapping will cover the entire seafloor, the IBCM-II
effort has been to provide the best coverage at the desired 0.1’ grid spacing for the
adjacent lands, continental margins, and deep areas as yet unmapped by multibeam
sonar. Accordingly spot soundings have been digitized from more than 1000
navigational charts and hydrographic survey fair-sheets. These include detailed
historical hydrographic surveys of Mandatory Palestine, Cyprus, the Nile Delta, and
Malta.

For the land areas gridded 90 m (0.05") topography down-sampled from the 30
m coverage obtained by the Shuttle Radar Topographic Mission (SRTM) in 2000 has
recently become available on the web. For the coastline separating bathymetry from
topography a beta version of a higher resolution coastline derived from LANDSAT
imagery was provided very recently by the National Geo-Spatial Intelligence Agency
(NGA) in the US.

The task now is to accept the areas multi-beamed in deep water as completely
mapped at the desired grid spacing (even if not currently available), and to produce a
DTM connecting these areas to the land, using the millions of inshore soundings from
navigational charts, the inshore contours based on more dense but unpublished
soundings, and the new coastline. The vertical datum will always be that of the
soundings used, and the horizontal datum will be the WGS-84 datum utilized by

GPS.
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AMPLIFIED EROSION ABOVE WATERFALLS AND
OVERSTEEPENED BEDROCK REACHES

Haviv, 1.12, Enze], Y.1, Whi 5ple, K3, Zilberman, E.2, Stone, J.4,

Matmon, ATand Fifield, Kp
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4. Quaternary Research Center, 19 Johnson Hall, University of
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5. Department of Nuclear Physics, Australian National University,
Canberra, ACT-0200, Australia
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Although waterfalls are abundant along steep bedrock channels, none of the
conventional erosion laws can predict incision at the lip of a waterfall where flow is
accelerating towards a freefall. Considering the expected increase in flow velocity and
shear stress at the lip of a vertical waterfall we determine erosion amplification at a
waterfall lip as: Eji/Enorma= (1+0.4/Fr2)*7, where Fr is the Froude number and n ranges
between 0.5-1.7. This amplification expression suggests that erosion at the lip could be
as much as 2-5 times higher than normally expected in a setting with identical
hydraulic geometry. It also demonstrates that a freefall is expected to amplify
upstream incision rates even when the flow approaching the waterfall is highly
supercritical.

Utilizing this erosion amplification expression in numerical simulations in
conjunction with a standard detachment-limited incision model we demonstrate its
impact on reach-scale morphology above waterfalls. These simulations indicate that
amplified erosion at the lip of a waterfall can trigger the formation of an
oversteepened reach whose length is longer than the flow acceleration zone, provided
incision velocity (V) at the edge of the flow acceleration zone is higher than the retreat
velocity of the waterfall face. Such an oversteepened reach is expected to be more
pronounced when V; increases with increasing slope. The simulations also suggest
that oversteepening can eventually lead to steady-state gradients adjacent to a
waterfall lip provided V; decreases with increasing slope.

Flow acceleration above waterfalls can thus account, at least partially, for
prevalent oversteepened bedrock reaches above waterfalls. Using the cosmogenic
isotope 3%Cl we explore the feasibility of freefall-induced oversteepening above one of
the waterfalls along the Dead Sea western escarpment.
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CLIMATIC CONTROL ON EROSION RATES OF DOLO-
LIMESTONE HILLTOPS

Haviv, I.13 Ston {:2 Enzel Y 1, Zilberman, E.3, Whipple, K .4,
Matmon, d ifield
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In-situ produced %*Cl measured at dolo-limestone, convex hilltops across the
Judean Mountain eastern flank show a considerable and systematic decrease in
concentration as the mean annual precipitation increases from 100 to 600 mm/yr.
Assuming a steady lowering rate, the observed concentrations of %Cl yield erosion
rates which increase non-linearly from 14 m/Myr under arid conditions (100-300
mm/yr) to ~15-40 m/Myr at sub-humid Mediterranean conditions (500-600 mm/yr).
Though more linear, an increase in site-specific limestone erosion rate with
precipitation was also observed using %Cl measurements in Australian and micro-
erosion meter measurements in Australia and Alaska.

The non-linearity suggested by our data could reflect a non-linear increase in
solutional erosion with precipitation due to higher concentrations of soil CO, and
longer periods during which the currently exposed rocks were covered by soil. An
alternative interpretation is that a thick soil mantle once covered the hilltops at 500
and 600 mm/yr and shielded these samples from cosmic flux.

A synopsis of previous cosmogenic-derived bedrock erosion rates indicates
that the minimum observed erosion rates of dolo-limestone outcrops are similar to
those of non-carbonate rocks in arid and semi-arid climate but are higher in humid
climate. This discrepancy suggests that chemical erosion is a prominent erosion agent
of carbonate outcrops in humid climates. Both the increase in dolo-limestone erosion
rate with precipitation and the discrepancy between dolo-limestone and non-
carbonate erosion rate should have a notable influence on landscape evolution.

T



EVALUATION OF THE SEISMIC HAZARD OF THE HAIFA BAY
AREA, ISRAEL

Heimann, A.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The city of Haifa is situated along the Carmel Fault, a branch of the Dead Sea
Transform. The fault, which has been active since the Late Miocene, displays about
1000m vertical and 1500m sinistral displacements. An M=5.2 earthquake with its
epicenter located about 10km southeast of Haifa, occurred in August 1984. It is thus
reasonable to assume that this major fault is capable of producing earthquakes with
magnitude 6 or greater.

In order to evaluate the seismic hazard of the Haifa Bay area, several
ﬁeological, morphological, seismic, and paleoseismic studies were conducted in the
ast few years. Of particular interest was the search of paleoliquefaction features in
sandy layers and a complementarg geotechnical research, in order to evaluate the
liquefaction risk (Heimann et al., 2001).

The steep slope of Mt. Carmel, in the fault area, suggests a significant vertical
displacement uring the Quaternary. D;stlaced alluvial fans and stream channels, as
well as morphological scarps located along lineaments, also propose young fault
activity. Deep seismic lines along the Carmel Fault, as well as shallow higﬁ resolution
reflection lines across the scarps, shows normal and reverse faults.

In a paleoseismic study (Gluck, 2001) no evidence for faulting was detected
although a zone of deformation was found underneath the morphological scarEIJ'hand
directly above one of the main reverse faults identified in the seismic line. These
phenomena can be explained by blind faults that did not rupture the surface. The
deformed units were dated to a few tens of thousand of years.

Examination of a few hundred shallow boreholes located in the sandy area
enables a definition of an area with high susceptibility for liquefaction. However, no
g;leoliquefacﬁon features were found in a few tens of trenches that were excavated.

e age of the sediments at the trenches’” bottoms was determined to 25004000 years.
A geotechnical study of the sand has indicated that a peak ground acceleration of 0.3g
would only be expected to cause liquefaction if it resulted from an earthquake of
magnitude about 7.5.

The paleoseismic, paleoliquefaction and geotechnical observations suggest that

any earthguake that occurred along the Carmel Fault in the last few tens of thousand
ears did not cause surface rupture nor generate paleoliquefaction features.
erefore, the magnitude of these earthquakes was not above 6 and was probably not
even higher than 5-5.5, suggesting a low seismic hazard for the Haifa area. These
observations are in contradiction to the Quaternary morphological evidence and the
resent seismic activity. This can suggest, on one hand, that a major earthquake
above M=6) along the Carmel Fault is not very probable, or, in contrast, that the
Carmel Fault has been quiet for a long time and thus a major earthquake is likely to
occur in the near future.

References:
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record of the SW marginal fault of the Dead Sea basin and the Carmel fault
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STRESS TENSOR AND FOCAL MECHANISMS ALONG THE
DEAD SEA FAULT AND RELATED STRUCTURAL ELEMENTS
BASED ON SEISMOLOGICAL DATA

Hofstetter, R.1, Klinger, Y.2, Amrat, A-Q.3, Rivera, L.2and
Dorbath, I..2

1. Seismology Division, Geophysical Institute of Israel, Lod, 71100

2. UMR 7516, Institut de Physique du Globe, 5 rue René Descartes,
67084 Strasbourg, France

3. Natural Resources Authority, Amman, Jordan

The Dead Sea fault is among the largest active strike-slip fault of the world.
This study is focused on the southern part of this fault, from the Sea of Galilee to the
Gulf of Agaba, as monitored mainly by the Jordanian and Israeli seismic networks.
For the first time data have been gathered in a unique dataset of arrival times and
polarities, allowing relocation of earthquakes with a better azimuthal coverage and
computation of focal mechanisms. This last step has been realized by inverting the
polarities to determine a unique stress tensor for the region and the compatible focal
mechanisms. Inversion with different subsets of the dataset, based on tectonic
regionalization, has also been performed to evaluate the impact of each cluster of
earthquakes on the global solution. The population of focal mechanisms is clearly
dominated by strike-slip events, with the notable exception of a cluster of
earthquakes, south of the Dead Sea, which displays several normal focal mechanisms.
This last cluster forces s; to be vertical, and s; to be horizontal. A large number of fault
planes, however, are close to the vertical, inhibiting the action of the vertical
component of the stress tensor, and acting like under strike-slip stress regime. We
observed a good agreement between the location of the earthquakes and the active
faults, based on geological data. In addition, there is a good agreement between the
fault plane solutions and the orientation of the active faults.
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RECONSTRUCTING CLIMATE: DIFFERENT METHODS,
DIFFERENT CONCLUSIONS AND APPLICATIONS FOR THE
COMING INTERGLACIAL

Horowitz, A.

Geological-Palynological Laboratory, Institute of Archaeology, Tel Aviv
Unuversity, iglamat Aviv, 69978

The term "climate reconstruction' is misleading, usually only a single
characteristic of the climate can be reconstructed for a given period and region, in
most cases concerned with precipitation. Since all methods are based on proxy-data,
interpretations may differ or even antagonize when suggested by different students.

Glacial periods, indicated by low sea levels, are represented in the southern
Levant by rich arboreal vegetation, dominated by winter-deciduous trees, silting up
of usually perennial streams, well-leached red soils formation and extensive lakes in
the Jordan Valley. Interglacials are characterized by poorly developed stands of
evergreen trees (or summer-deciduous to the south), erosion in the usually dry wadis
and elsewhere, hardly any soil formation and shrinking of lakes. The coastal plain is
covered by dunes pushed by the high sea levels. Alternation of these conditions
results in formation of terraces in wadis and kurkar-hamra complexes of the coastal
plain.

Reconstruction of the responsible rains calls for quiet, all year round
precipitation during the glacials (thus called "pluvials"), originated (at least in part,
depending on water-balance of the Mediterranean) in the Atlantic Ocean.
Interpluvials are typified by strong winter thunderstorms coming from the
Mediterranean. Annual total amounts of rain do not necessarily differ among the two
regimes.

Oxygen isotope analyses of cave deposits, formed mainly by intensive rains,
may thus indicate higher precipitation for the interpluvials.

Global warming, no matter what the reason is, presently brings an interpluvial
climate to the southern Levant. It is thus suggested to concentrate efforts in
accumulating floodwater, preferably underground.



THE WARM PHASE AT CA. 4000 YEARS BP, A GLOBAL EVENT
AND A STRATIGRAPHIC KEY HORIZON IN THE HOLOCENE.

Issar, A.

The Institutes of Desert Research and Geological Department, Ben-
Gurion University of the Negev, P. O. Box 653, Beer-Sheva, 84105

Up to date, environmentalists cite the case of the salination of the soils of
Mesopotamia and the collapse of the ancient Sumerian civilization at 4K BP as an
example of an anthropogenic negative impact on the environment and thus on the
socio-economic system. The blame is for over irrigation and neglect of drainage.

All time series of proxy-data, including global high sea levels, show that it was
not the fault of the people of Mesopotamia but of a major warm climate phase, which
spelled dryness in the Middle East as well as over most of the Mediterranean region.
The dry climate caused on one hand the decline in the flow of the rivers, which
decreased the amount of water available for flushing of the salts. On the other hand
the melting of the glaciers caused the rising of the sea level. As summer was stretched
over a topographical low area along the ancient shore of the Persian Gulf the rising
sea level caused a rise in the groundwater level. In the tropical and sub tropical
regions affected by the monsoon regime heavy rains and floods characterized this
period. Sand deposits overlying clay deposits at this horizon typify the Holocene
section along Israel’s shore.

The failure to interpret the data correctly was due to an a-priori anthropogenic
paradigm. The same misinterpretation can be demonstrated also in other regions as
for example in the Iberian Peninsula when during this period the dryness caused a
change in the flora, which was interpreted as a function of human intervention. Also
in Israel the first core in the Sea of Galilee was misinterpreted due to the
anthropogenic paradigm.

As this warm period was extreme (for example the southern part of the Dead
Sea dried up) and its affects can be traced by proxy-data all over the globe, it is
suggested to adopt it as a stratigraphic key horizon. For the time being it is suggested
to name it by its local archaeological designation, namely “The Intermediary Bronze
Period’.

The question whether the past is a key for the present (a reversal of the
geological principle) is a question beyond the scope of the present lecture, but
deserves reflection.



WHY IS IT IMPORTANT TO MINE THE PHOSPHATES OF THE
NEGEV?

Issar, A.

The Institutes of Desert Research and Geological Department, Ben-
Gurion University of the Negev, P. O. Box 653, Beer-Sheva, 84105

Lately a beautiful power-point show by the Society for the Protection of Nature
in Israel, is preaching against the intention of extending the fields of phosphates’
mines in Israel. The main argument is that the Negev is a primeval (bereshity)
landscape and thus should not be touched and its primeval beauty preserved.

As a geologists and hydrogeologist I disagree with the basic message of this
show because of the following reasons:

1. The arid landscapes, are not primeval, during proto-historical and historical
periods like the Chalcolithic, Early Bronze, Iron Age, Nabatean-Roman-Byzantine,
Little Ice Age wide stretches of the barren landscape of today were a savanna, big
part north of today’s 100 mm/y rain line was covered by terraced agricultural estates
planted by olives, vineyards etc. Many of the dripping springs of today were flowing
springs promoting boulevard type woodlands.

2. The world is facing a catastrophe as the global population growth is beyond
the capability of producing food. Phosphate is one of the main and most important
fertilizers. What shall we tell starving populations if all countries of the world will
decide to stop mining phosphate because it destroys “primeval landscapes”. Is it
moral to tell other people to agree to destroy their “primeval” landscape while we
protect ours?

3.Mining and processing of minerals by our chemical industries, is an
important item in Israel’s national production and export. It is unfortunate that up to
date not enough emphasize was put on the environmental issues. This should be
corrected !!! Then mining and processing can be done with minimum damage to the
environment. The mined regions can be terraced and planted by savanna trees,
irrigated by flood water or even agro-industrial trees irrigated by the fossil water we
found under the Negev.

4.Many countries are facing environmental and thus economic catastrophes
due to the greenhouse effect. Our region will become drier! Trees fix atmospheric
carbon. Such trees should be planted in the Negev on water, which to day are wasted,
ie. flood water and fossil water, which flow to the Dead Sea. The mining of the
phosphates can be the startup and first stage of a regional and later a global project of
re-planting the desert regions for fixing atmospheric carbon.

Conclusions and recommendations:

The mining of the phosphates should be preconditioned by the preparation of
a master plan, which will aim at turning the wasteland into a greener habitat.

T



PALEOCLIMATE RECONSTRUCTION DURING THE LAST
86,000 YEARS: A PALYNOLOGICAL ANALYSIS OF A CORE IN
THE EASTERN MEDITERRANEAN BASIN
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A .2, Schilman, B.2 and Weinstein-Evron, M.1
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This palynological study is aimed at a detailed reconstruction of changes in
vegetation and climate in the Eastern Mediterranean basin during the late
Quaternary. The research is based on the 18 meters long “VALPAMED 95-05” core,
located off the southern Israeli coast, at a depth of 884 meters and covering the last
86,000 years. The core was sequentially sampled for palynological analyses at
intervals of 20 cm. Pollen grains from each sample were extracted, identified and
counted and the pollen spectrum was constructed.

The results indicate that the sequence that spans from the end of the Marine
Isotopic Stage (MIS) 5 to the Holocene can be divided into different pollen zones,
mainly based on changes in the Arboreal Pollen/Non Arboreal Pollen (AP/NAP)
ratios. After a relatively humid period (pollen zone 6), the beginning of the last glacial
(MIS 4, pollen zone 5) shows some drying. During MIS 3 (pollen zones 3-4) the high
AP levels and low values of Artemisia (sagebrush) and Chenopodiaceae (goosefoot)
indicate more humid conditions, with some cooling [e.g. peaks in Cedrus (cedars)]. A
sharp decrease in AP levels and a simultaneous rise in Artemisia and Chenopodiaceae
ratios typify the dry Last Glacial Maximum (LGM) around 19,000 Y.B.P. (MIS2,
pollen zone 2). More humid conditions returned during the Late Glacial. The
Holocene (pollen zone 1) is characterized by relatively high AP levels, mainly Pinus
(pines) and Quercus (oaks), suggesting that the Mediterranean maquis was more
extensive in the area and that precipitation was relatively higher.

Sapropel 1 and 3 (around 9,000-7,000 years B.P. and 86,000-84,000 years B.P.
respectively), are easily recognized by the high concentrations and good state of
preservation of pollen grains that, in turn, accord with the Total Organic Carbon
measurements carried out on the same core.



NEW OBSERVATIONS FROM PALEOSEISMIC RECORDS
ACROSS THE DEAD SEA AND JORDAN VALLEY BASINS
DURING THE LAST 70,000 YEARS

Kagan, E.]J.12, Stein, M.2, Agnon, A. ! and Neumann, F.123

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

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

3. Institut fiir Paldontologie, Rheinische Friedrich-Wilhelms-Universitat
Bonn, Nussallee 8, D-53115 Bonn, Germany

Earthquake induced lake sediment deformation is a unique and useful tool for
reconstruction of paleoseismic history. The factors controlling seismite (earthquake
marker) formation are numerous and as of yet difficult to specify. These factors may
include: water depth at site (mass of water above sediment), lithology, sediment
compaction, sedimentation rate, gradient of lake bottom, position with respect to
basin topography, and location with respect to earthquake source. These factors can
control the probability of seismite formation, and if so how the seismite will appear in
the geological record (thickness and type: e.g. breccia, homogenite, or fold). We study
various sections of Lisan (late Pleistocene) and Ze'elim (Holocene) Formations from
different lake environments, to examine as much diversity in conditions as possible.
These include: the Lisan sections at Massada and Tovlan (Nahal Tirza), along with
the previously described and well-dated Perazim section (Marco et al., 1996), with an
emphasis on the deformed layers. We present a refined chronology of the Perazim
seismites in light of the new U-Th ages of the section (Hasse-Schramm et al., 2004).
We also present new U-Th ages from Massada and Tovlan. These radiometric ages,
along with stratigraphic correlation, allow us to compare the various sections
comprehensively, and compare the appearance of seismites within them.

Exposures of the late Holocene lake were examined at the Ze'elim and Ein
Feshkha gullies on the western retreating shores. The two sections are located in the
nearshore - fan delta (Ze'elim) and in the mostly lacustrine (Ein Feshkha)
environments, thus allowing comparison of the seismite behaviour in the two
different environments. Comparison of the Ein Feshkha section with that of a nearby
core (Migowski, 2004) and comparison of the Ze'elim gully section with that of Ken-
Tor et al. (2001) provides a higher resolution and reveals additional seismite events
and new information. This highlights the importance of spatial analyses.

We discuss a previously overlooked type of seismite, known from the sea and
other lake sites, the homogenite. Homogenous layers are distinct from the typical
aragonite or clay laminae known from the Lisan Fm. and seem to be a combination of
the two. Essentially, the same formation mechanism as for the breccias (Marco et al.,
1996), but with more thorough mixing, has occurred causing homogenization. These
homogenites add events to the paleoseismic history and produce a record of higher-
resolution.
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GEOLOGICAL CHARACTERISTICS OF AFULA AND THEIR
INFLUENCE ON DISTRIBUTION OF SITE EFFECTS PARAMETERS
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71100

The town of Afula is located in earthquake prone area, in the vicinity to the
Dead Sea Transform. It is recently developed town and might be the place for future,
heavily damaging events, due to the combination of site effects and urban
development. In accordance with the geological features Afula and environs may be
divided into three structural zones:

The Yizreel basin of Neogene age includes lower Afula and the settlements of
Merhaviya and Sulam. This zone is a flat plain overlain by the Quaternary deposits of
several meters thick.

The Balfouriyya - Afula Ilit ridge, 3.5 km long, consists of the Lower Basalt.

Givat Hamore Mount, which is uplifted block consisting of Limestone complex
of Eocene age.

The horizontal to vertical spectral ratio technique was applied to 332
microtremor measurements in order to estimate site effects in the town of Afula. The
extended data base of the measurement results enabled constructing the resonance
frequency and its associated H/V amplitude maps. Within the selected structural
zones site effect parameters are distributed as follows:

H/V spectral ratios for Yizreel basin show two peaks. First peak has resonance
in the range of 0.35-0.8 Hz and amplitude 24 and is associated with the Lower Basalt.
The second peak has frequencies of 1-12 Hz with amplitude 2-8 and is associated with
limestone of Gesher Fm. and fragments of Cover Basalt and Bira conglomerate in the
area of Merhaviya and Sulam settlements;

The Balfouriyya - Afula Ilit ridge is characterized by absence of site effects in
the eastern part and by amplitude 3-9 at the resonance frequency 5-12 Hz, correlating
with depth of the Lower Basalt, in the western part;

At the Givat Hamore Mount block site effects are not found.

On the basis of microtremor measurements two fault sets of SE-NW and S-N
separated the Yizreel basin, Balfouriyya - Afula Ilit Lower basalt ridge and Givat
Hamore Mount block were detected.
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QUANTIFYING EVAPORATION FROM SURFACE-EXPOSED
FRACTURES: MECHANISM AND IMPLICATIONS FOR
GROUNDWATER SALINIZATION AND CONTAMINATION
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Evaporation from fractured rocks was examined in the laboratory as the main
process that causes salt accumulation in fracture apertures. Cool night atmospheric
air temperatures enable warmer and less dense air in fractures to exit the aperture by
convection. This vertical air movement enables transport of water vapor out of the
fracture aperture. By this process a significant amount of water vapor is transported
from the fracture to the atmosphere, subsequently causing salt formation along the
fracture surface. The rare but intensive rain events that often occur in deserts could
dissolve this accumulated salt and flush it to the underlying aquifer. This may be of
great importance for groundwater salinization, especially in low permeability rocks,
where without this mechanism salts are likely to accumulate in the upper vadose
zone and never reach the groundwater.

The main objectives of this work were to quantify experimentally the amount
of water vapor lost from fractures under controlled conditions, and to understand the
impact of environmental conditions on the evaporation rate. A customized Climate
Control Room (CCR) was especially designed and constructed to mimic the extreme
night-time and day-time temperature conditions typical of deserts. Within the CCR,
two customized Fracture Simulators (FS) were built and installed; each was
constructed from two chalk blocks with a ~10 mm space in-between. The rocks and
fractures were instrumented so that the temperature at the bottom of the rock was
constant. Humidity and temperature within the fracture aperture and within the rock
were constantly monitored. A feeding container was attached on each side of the
block to supply the rock with pore water solution under constant tension. The inflow
of water from the feeding containers into the rocks, as well as the overall changes in
water content within the block, were constantly monitored and recorded. Results
from this experiment show that significant evaporation rates occur during night
conditions. These rates are determined by the temperature difference between the
ambient air and the air within the fracture aperture. A numerical model yielded
similar values, showing that vertical air convection is responsible for the vapor
removal from the fracture, where the humid air in the fracture aperture is replaced by
dry desert air. It is worth mentioning that this process is also valid for toxic
contaminants that may accumulate on the fracture surface and eventually leach to the
groundwater.



GEOPHYSICAL IMAGING OF AN ACTIVE STRAND OF THE
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We performed a series of geophysical profiles in order to constrain the precise
location of the active strand of the Carmel Fault. This fault, which takes up a portion
of the sinistral movement of the Dead Sea fault, is considered a major source of
seismic risk for the populated and industrial area of Haifa bay. We have re-analyzed
published seismic lines and surveyed geomorphic features in order to better define
the fault trace at the surface. The geophysical surveys were carried across the
suspected trace of the fault in the Jezre'el Valley, northeast of Kibbutz Mishmar-
Ha'emek. Another goal of the research was to train MSc and PhD students from the
universities of Jerusalem, Tel Aviv, and Beer Sheva, who performed the research
under the guidance of senior researchers from the Geophysical Institute and these
universities. Gravity, magnetic, and seismic refraction reveal the shallow sediment
stratigraphy. The most informative survey is a high-resolution seismic reflection,
which reveals several strands of faults, the southernmost of which is associated with a
subtle topographic flexure. The fault appears to be active because it offsets very
shallow reflectors. A very shallow topographical ledge, which coincides with the
main fault location and continues further due northwest implies a recent normal slip
component of about 1 m. A paleoseismic study that will be carried out in the next few
months is expected to impose better constraints on the location and activity of this
section of the Carmel fault.



BENTHIC FORAMINIFERA AS A TOOL FOR RECONSTRUCTING
HOLOCENE CLIMATE CHANGES IN THE EASTERN
MEDITERRANEAN BASIN
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The Holocene paleoclimatic and paleoceanographic changes of the
eastern Mediterranean basin were reconstructed based on fluctuations in
foraminiferal density, diversity and species composition from two cores. Core
95-01, from SE of Cyprus (980 m water depth) represents the northern
Levantine basin while core 95-09, from SW of Ashkelon (884 m water deg\t}hf,
reqresents the southern Levantine basin and mainly the distal part of the Nile
delta. The dating was obtained by comparing the Globigerinoides ruber 88O
curve of both cores with the 680 record of the speleothems from the Soreq
Cave, which is well dated by the U-Th series.

At the beginning of the Holocene, between12 / 11.7 and 9.4 kyr BP, the SE
and NE Levantine basin sea floor was relatively oligotrophic and well-
ventilated. It was inhabited by a large number of species with a high density
and dominance of a foramim'feraF assemblage, usually denoting an un-
disturbed stable sea floor.

During the formation of sapropel S1 between 9.4/9.3 and 6.9/6.8 kyr BP,
food supply was relatively high and oxygen concentration fell to a minimum.
The climate was more humid, with higher precipitation rates that increased the
Nile derived water supply to the Mediterranean, and lower seasonal amplitude
prevailed, with relatively warm winters and humid summers. A short fF ase of
cooling episode, accompanied by a decrease in the amount of water flow into
the Levantine basin, occurred at 8 kyrBP.

During the mid-Holocene, from 6.4 to 5.1 kyr BP, an increase in the
relative abundance of opportunistic species, higher diversity values, and higher
sedimentation rates, reaching 12 cm/1000yr, were observed in the northern
Levantine basin. These data indicate a less stable environment with more
pronounced seasonalitK, together with fluctuations in food supply and sea floor
ventilation, all of which reflect the transition to an unstable aricf climate regime.
On the other hand, in the southern Levantine basin, relatively high diversity
values and dominance of shallow infaunal species and a relative decrease in
sedimentation rate, reflecting a mesotrophic stable environment, coincided with
a gradual transition to an arid climate but still with a continues supply of fluvial
sediments of Nile origin.

Over the last 5000 years low abundance and diversity values were
observed throughout the eastern Levantine basin. In spite of the resemblances
in these ecological characteristics the continued dominance of opportunistic
species in the northern Levantine basin indicating an unstable, oligotrophic
environment, with pronounced seasonality. In the southern Levantine basin the
dominance of shallow infaunal species, reflect a mesotrophic-oligotrophic
environment influenced continuously by the Nile River discharge with
pronounced seasonality and a flood regime that caused instability in the

nutrients supply to the region.
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LOCALIZED COMPACTION IN ROCKS: NUMERICAL AND
ANALYTICAL APPROACHES

Katsman, R., Aharonov, E. and Scher, H.

Department of Environmental Sciences and Energy Research, Weizmann
nstitute of Science, Rehovot, 76100

Porous rocks, subjected to compressive stress, often undergo mechanical
compaction via grain crushing and rearrangement, and chemical compaction via
pressure solution. The compaction leads to irreversible volume reduction that
spontaneously localizes into elongated features under some conditions. However, the
localization process is poorly understood. The formation and propagation of
compaction bands has recently been studied using an elasto-plastic Spring Network
Model (Katsman et al., 2005). Simulation results show that compacted regions
experience stress concentrations at their tips, reminiscent of Mode I cracks. However,
aside from this similarity point, comparison of stress around compacted regions to
stress around cracks reveals that the stress/strain distribution in such defects is quite
different than that around Mode I cracks (or anticracks introduced by Fletcher and
Pollard [1981]). This work represents an analytical solution for the stress around a 2D
localized compaction band, using the “transformation problem” introduced by
Eshelby (1957). The analytical solution is shown to agree with results from our
recently introduced elasto-plastic Spring Network Model for simulating mechanical
and chemical compaction.



ROCK-FALL HAZARD ALONG THE RAILWAY CORRIDOR TO
JERUSALEM IN THE SOREQ AND REFAIM VALLEYS (ISRAEL)
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Rock-falls are fast moving destructive landslides, typical of steep hard-
rock escarpments. Rock-fall occurs when a rock fragment (a block) is detached
from a nearly-vertical cliff and travels down-slope by bouncing, flying and
rolling. In this work we evaluate the rock-fall hazard along the railroad corridor
to Jerusalem through the valleys of Refaim and Soreq ﬁ'xereafter the studied
area) and detect areas of increased hazard.

The Refaim and Soreq mountainous valley-sections stretch for about
30km from the Judean highlands water-divide in the east to the mountain-front
in the west. The rock-sequence that crops out along the valleys comprises
carbonate rocks. The relief is generally a few hundreds of meters with moderate
(25°-40°) to sub-vertical slopes. This Yandscape holds the potential for rock-fall
generation. In 1927, rock-falls triggered by a 6.2 magnitude Dead-Sea transform
earthquake damaged the railway track.

We focus on three issues: (a) rock-fall source; (b) conditions for rock-fall
initiation; and gc) down-slope rock-fall trajectories. We mapped tens of
dolomitic rock-blocks with volumes of 100-102m3 along the slopes and in the
central Soreq valley bottom. Field observations show that the main rock-fall
source is the dolomitic Aminadav formation above the contact with the marly
Moza formation, where 101-102m3 dolomitic blocks are formed as a result of
tensile-fracturing combined with continuous creep of the underlying Moza
formation. The base of the blocks is placed in the colluvium and thus we
conclude that a seismic-acceleration is needed to initiate the rock-falls.

To analyze the rock block trajectories we used a GIS based 3D rock-fall
simulation program (STONE). The program requires as input a Digital-Terrain-
Model, a map of the rock-block detachment areas and a grid of the surface
friction and energy restitution coefficients. Field mapped rock-blocks were used
for calibration of the model. We ran STONE on the studied area with 1-3m/sec
blocks initial horizontal velocities (Vy), a range of surface friction and energy
restitution coefficients and two rock-block detachment-areas: upper and lower
contacts of the Moza formation. Topography was modeled using a 25x25m grid
DTM. The model shows that when \ir>2m/ sec, the rock-fall trajectories reach
the railroad tracks in 7 different sections and reach all sites where blocks were
mapped in the field. Using lower Vi values the calibration is not satisfied.
Different friction and energy restitution coefficients (in a realistic range) have
minor influence on the results.

We conclude that sections of the railroad to Jerusalem along the Refaim
and Soreq valleys are vulnerable to rock-falls. The rock-fall source 1s the contact
of the Moza and Aminadav formations where dolomitic rock-blocks are
formed. Significant rock-fall events will be triggered by strong-earthquakes.
Thus, we recommend to stop the train transportation and to carry-out railway
tracks inspection after strong earthquake located along the Dead-Sea-transform.



EXPERIMENTAL CONSTRAINTS ON TRACE ELEMENT
PARTITIONING DURING DEHYDRATION AND MELTING OF K-
FREE MORB AT 4-6 GPA AND 700-1400 oC
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Fluids and melts liberated from subducting oceanic crust recycle
lithophile elements back into the mantle wedge, facilitate melting therein, and
ultimately lead to prolific subduction zone arc volcanism. However, the
composition of such liquids has not been investigated in detail due to
experimental and analytical difficulties. Uncontrolled loss of dissolved
constituents with emanating fluid upon piercing have severely limited the
reliability of chemical data on high-P fluids so far.

I developed a new analytical technique, the “freezing” approach, by
which frozen fluids are directly ablated and, for the first time, completely
analyzed in diamond-trap experiments. I used this technique to characterize the
liquid phase coexisting with K-free basalt at 4 and 6 GPa, 700-1400 °C, and
determined the partitioning of a suite of key trace elements between eclogite
minerals and the liquid phase.

Our results indicate changes in the nature of the liquid phase according to
the pressure and temperature of the system. At 4 GPa a fluid with ~80 wt%
H20 coexists with eclogite up to 850 °C while a hydrous melt is stable above
900 °C, indicating a solidus between 850 and 900 °C. The solidus is between
1000 and 1050 °C at 5 GPa, but ends at a second critical endpoint between 5 and
6 GPa. A supercritical liquid that changes its chemistry continuously with
temperature coexists with gar+cpx at 6 GPa.

The different liquids are also distinguishable in trace element pattern.
Aqueous fluids resulting from dehydration of an eclogite at 4 GPa/700-800 °C
and 5 GPa/700-1000 °C are characterized by bulk partition coefficients
Dfluid/solid of Rb, Cs, Ba, and Pb of 101 or higher, by DUfluid/solid >
DThfluid/solid, by DREEfluid/solid and DHFSEfluid/solid between 0.01 and
0.5, and a limited mobility of Li. In contrast, the hydrous melts at 4 GPa/1000-
1200 °C and 5 GPa/1100-1200 °C have DUmelt/solid < DThmelt/solid and a
steep REE pattern characteristic for garnet in the residue. At 6 GPa, supercritical
liquids are characterized by a high mobility of almost all of the investigated
elements. The supercritical liquids are also characterized by DUliquid/solid <
DThliquid/solid, extreme fractionation of REE (e.g.
DLaliquid/solid/DLuliquid/solid ~ 1000) and highly mobile Sr at all
investigated temperatures. This pattern indicates that the supercritical liquid
has a melt-like character.

The 6 GPa pattern is not dissimilar to an “adakite-type” signature. In both
cases, supercritical liquids provide an appealing alternative origin for such
geochemical features. The chemical properties of supercritical liquids liberated
at depths exceeding ~160 km remove the distinction between fluids and melts.
As a consequence, fluid-type geochemical signatures from the oceanic crust are
limited to < 160 km, at higher pressures the mobile phase will inevitably add a
melt-like trace element pattern to the mantle wedge.
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The Dead Sea water level has been decreasing since the 1960's by 25 meters,
reaching a rate of 1 m/yr in the past few years. The rapid lake level decrease causes a
significant drop in the groundwater level and in the fresh-saline interface location.

The present study aims to determine the hydrological processes in time and
space in this extremely dynamic system. For this purpose, the fresh-saline interface
and groundwater level are monitored at the alluvial fan of Wadi Arugot and
chemical analyses of the water are performed.

The Dead Sea level drop is accompanied by a change in the chemical
composition (e.g. Na/Cl changing from 0.28 to 0.23), while its salinity (340 g/1) has
not varied much. This change in water composition can be distinguished in the
groundwater. Therefore, profiles of the chemical composition in boreholes can imply
the dynamics in the groundwater system. Dead Sea water from a few decades ago
was found above more recent saline water. This suggests that there is a continuous
lateral flow of saline water from the Dead Sea into the aquifer. Furthermore, it may
allow evaluation of the Dead Sea water penetration rate into the aquifer.

The groundwater of Wadi Arugot contains brine that differs from the Dead Sea
water by its salinity and composition (Na/Cl ~0.35). The brine is located in the
phreatic aquifer far from the coast and in the confined aquifer. There is a transition
zone between the brine and the fresh water. Furthermore, a mixture between the
brine water and the Dead Sea water is observed, usually above the Dead Sea water.
This mixture indicates the groundwater flow patterns. The fresh water flows above
the brine, mixing with it and then continuing and mixing with the Dead Sea water.

Simulations were done with the SUTRA model on the Dead Sea groundwater
system. The first simulations were steady states and transient simulations for the
simple case of a phreatic aquifer with a changing boundary condition representing
the Dead Sea level changes. The simulation results show good agreement with the
field data, both in time and space. A case of two-aquifer system, where a low
permeability layer separates phreatic and confined sub-aquifers, is also studied. The
effect of the extent of this low permeability layer on the fresh-saline interface is
examined. The simulation results and the field data determine the fresh-saline
interface and groundwater level movement rate and allow the prediction of the
system behavior in the future.
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POTENTIAL BASEMENT SOURCE ROCKS FOR THE PALEOZOIC
SUCCESSION IN SOUTHERN ISRAEL: U-PB SHRIMP DATA ON
METAMORPHIC ZIRCONS
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A comparison of the detrital zircon age spectra with available geochronological
information on Arabjan-Nubian Shield (ANS) basement rocks showed that Cambrian
sandstone in Israel was derived from erosion of the ANS. However, several
anomalies (particularly the presence of Kibaran and pre-Neoproterozoic zircons)
were encountered while analyzing detrital zircons using the U-Pb SHRIMP
technique, suggesting that previous geochronological studies were not
comprehensive enough to detect the entire range of zircons ages in the basement.

The present study on three metamorphic basement rocks of the Elat area
attempted to complete data gaps in the geochronology of this terrane, to assess
whether any pre-Neoproterozoic zircons are present in the Elat basement, as well as
to obtain an indication on the timing of high-temperature (migmatite formation)
metamorphism in the region. U-Pb ages, Th/U ratios and CL images were examined
on the zircon grains.

Our results indicate that most of the zircons in the Elat area rocks were
generally not affected by the relatively-late high temperature metamorphism and
retained older ages. The abundance of zircons ages between ~870-770 Ma in the Elat
Schists is in line with previous ages obtained on this rock, representing the age of the
original volcanic arc from which the schist was derived. Similarly, the mean age of
~740 Ma of the Elat Granitic Gneiss is consistent with previous geochronology data.
No pre-Neoproterozoic zircons were found in the region supporting the general view
of northern Sinai being a Neoproterozoic crustal edifice.

The Roded Migmatite rocks record a complicated geological history which
exact interpretation is still unclear. The migmatite contains zircons of variable
Neoproterozoic ages. Old grains (820 Ma) are interpreted as detritals in the original
sediment. Younger grains with metamorphic rims that may indicate ages of Low
Pressure - High Temperature metamorphism and migmatization in the Roded block
yielded ~600-650 Ma. The origin of younger zircons that were encountered in the
migmatite (as young as 550 Ma) is unclear. Regional metamorphic event of this age is
unknown in the northern part of the ANS. It is possible that local heating from post-
tectonic alkaline intrusions which are abundant in this area in the late Neoproterozoic
may have triggered the crystallization of these zircons. As a whole, the young zircon
ages are consistent with basement evolution lasting until the end of the
Neoproterozoic.
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SOURCE PARAMETERS OF SMALL AND MODERATE
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The study of earthquake mechanisms is an attractive approach for a quick and
inexpensive survey of the state of stress of areas in Israel. With the deployment of
digital broadband network in Israel we are now capable of caring out regional
distance moment tensor inversion of small to moderate-sized earthquakes using the
method of the complete waveform inversion which incorporates all types of waves
(Dreger and Helmberger, 1993; Dreger and Langston, 1995). The advantage of this
method is that it provides very good constraint on the focal parameters even in the
case when we have data just of a single station. At the low frequency approach used
in this method for a point in space and time source representation, relatively simple 1-
D velocity models may be applied to effectively model the data.

Calibrating velocity models to get a robust catalogue of Green'’s functions was
the most important step for successful seismic moment tensor estimations. It was
found in a trial and error process that in Israel two 1D velocity models are adequate
for the recovery of the seismic moment tensor. The library of calibrated Green's
functions was precomputed for these velocity models as a function of source-receiver
distance and source depth.

The method was already successfully applied at GII recently for waveform
inversion of the aftershock sequence of the 22/11/1995 Gulf of Aqaba earthquake
(Hofstetter et al., 2003) from data of one station. In this work, all Israeli broadband
stations were used for calculations simultaneously. Records of small to moderate-
sized earthquakes (M1=3.5-5.2) occurred in Israel and nearby since December 1996
was processed for estimation of source parameters such as scalar seismic moment,
source depth and focal mechanism.

It was found that due to high long-period ambient noise, full solutions can be
obtained without missing only for events with the moment magnitude since Mw=3.7.
For these events, the comparison between focal mechanisms obtained from moment
tensor inversion with those of first motions registered by the short-period local
network demonstrates that moment tensor inversion method gives compatible or
even more exact solutions. Two cases when the first motions method could not work
correctly are discussed. It is shown also that a resolution of the source depth is
improving with increasing of the moment magnitude and number of stations, and
the local and moment magnitude discrepancy decreases with magnitude growth,
from about 0.8-1.0 magnitude units at Mw=2.9 up to about 0.1 at Mw=4.0-5.1. The
dominated style of faulting in Israel corresponding with the obtained moment tensor
solutions is strike-slip.
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We investigated the feasibility of using Melanopsis shells as radiocarbon
chronometers and paleohydrological-geochemical tracers of fresh waters of the
northern Jordan valley and Lake Kinneret. The various water types were
characterized by the radiocarbon reservoir age, &Sr/%Sr and [24U/28U] activity ratios
and Sr/Ca ratios. The radiocarbon ages of living Melanopsis and their water were
found to be the same - characterizing the reservoir age. Lake Kinneret reservoir age
(RA) is 800+200 years, the Melanopsis type living in the lake is costata jordanica and
the 85r/%Gr is 0.7075. The northern Jordan River water and living Melanopsis (type:
costata costata) are characterized by RA = 2500 years, and &Sr/%Sr= 0.7070. The
streams draining the Golan basaltic aquifers contribute low reservoir age and
strontium with low &Sr/#Sr ratios (~0.7030). They mix with Jordan River and Lake
Kinneret water in sites such as Gesher Benot Ya'aqov (RA=2500 years, 85r/%Sr =
0.7067) and Nahal Zacci (RA=800 years &Sr,/8Sr = 0.7062).

We applied the modern data to several fossil sites: Melanopsis shells were
recovered from trenches dug for paleoseismic reconstruction in the Bteiha valley.
They yielded RA= 750+/-150 years, suggesting flooding of the Bteiha by Lake
Kinneret after the 1200 A.D earthquake and contribution from the basaltic Golan
streams. Fossil Melanopsis from the site of Hamadiya yielded RA=1500+/-500 years
and #5r /%Sy = 0.7077, which is consistent with flooding of the site during Lake Lisan
high stand (~24 ka BP).
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Clastic dikes may form either by passive deposition of clastic material into pre-
existing fissures or by fracturing and injection of clastic material during seismic
shaking. Because of their similar final geometry, the origin of clastic dikes is
commonly ambiguous. We studied the mechanisms of clastic-dike formation within
the seismically active Dead Sea basin, where hundreds of clastic dikes cross the soft
rock of the late Pleistocene lacustrine Lisan Formation. We analyzed the anisotropy of
magnetic susceptibility (AMS) of clastic dikes of known origin and defined
characteristic AMS signatures of depositional or injection filling.

We discovered that passively-filled dikes, which contain brownish silt
resembling local surface sediments, are characterized by an oblate AMS ellipsoid and
vertical minimum susceptibility axis V. Dikes that contain green clayey sediment
connected to detrital layers of the same composition are characterized by triaxial
AMS ellipsoids, well-grouped sub-horizontal and parallel to the dike walls'
maximum susceptibility axis Vi, and sub-vertical intermediate susceptibility axis V-.
The passively-filled dikes comprise only a few dikes of the entire group of hundreds
of clastic dikes in the Lisan Formation. The distribution of V> and V3 directions is
commonly streaked, implying that the clayey sediments flow under high velocity.
Fracture and fluid mechanics considerations indicate that the injection of clastic
materials occurred simultaneously with fracturing or, at least, opening of existing
clamped fractures in the Lisan host rock. Field evidence and AMS analysis indicate
that most of these dikes were emplaced by injection inferred to be due to seismically
triggered fluidization-liquefaction. This novel application of the AMS provides a
petrofabric tool for distinguishing passively-filled dikes from injection dikes. Further,
flow conditions determined by the AMS may help to analyze the fluidization
mechanism in clayey sediment, triggered by earthquakes.
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EOST M};SSINIAN TECTONICS AND RE-EVALUATION OF THE
DELTA” SYRIAN ARC STRUCTURE IN THE LEVANT MARGIN:
PRELIMINARY RESULTS

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

1. Department of Geophysics and Planetary Sciences, Tel Aviv
University, Tel Aviv, 69978
2. Geophysical Institute of Israel, P.O. Box 182, Lod, 71100

The continental margin of Israel comprises three disturbances which are
recognized in the bathymetry as: Dor, Palmahim and Gaza. The suggested
mechanisms creating these disturbances vary from tectonic trigger through large
gravity shumps to a combination of the two.

The study area is located on the continental margin off Netanya, between the
Dor Disturbance to the north and the Palmahim disturbance to the south and shows a
relatively smooth bathymetry. A buried structure within this area, “Delta”, has been
studied and drilled by “BELPETCO” in 1970 for oil and gas exploration. This
structure, which has been hypothesized to be of Syrian Arc origin is buried under a
wedge of Plio-Pleistocene, Nile derived sediments, and Messinian evaporites
(represented by reflectors M and N on seismic data) on its western flank. This enables
us to study the ongoing tectonic activity in the area with minimum influence of the
slumping processes. The motivation was recognizing active faulting in order to
contribute to seismic hazard assessment for onshore and submarine infrastructure.

The project is based on 450 km of multi-channel reflection lines, six of the
“Horizon” lines and eleven of the “Isramco-91”lines series and controlled by 3 oil
wells: Item, Delta-1 and Yam-1. Designated data reprocessing is performed on
selected lines to improve both the resolution of the shallow part and the
interpretation ability of the deeper part.

Observations show that the “Delta” structure and the folded Cretaceous layers
within it are similar to the “Foxtrot” monocline and the Syrian-Arc structures of the
Negev. The Base Neogene reflector on the hinge of the structure converges to the M
and N reflector where they develop to the known “Disturbance Zone”. Post-
Messinian faulting sub-parallel to the coastline is also well observed in the east-west
lines in the “Disturbance Zone” and presumably caused by the flow of the Messinian
evaporites westward.

Previous studies of similar structures indicate a deep situated reverse fault that
dictate the hinge direction of these structures. Since the Upper Cretaceous, under a
compressional regime, Cretaceous and younger sediments of the structures were
folded. This work expects these comprehensions to project on the studied area and
thus will attempt to show post Messinian folding of the strata as a response to an
ongoing compressional regime.

3
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RESULTS OF THE PRELIMINARY GEOLOGICAL AND
MINERALOGICAL INVESTIGATIONS FOR THE DISCOVERY OF
DIAMONDS AND PRECIOUS STONES IN THE QISHON RIVER
BASIN AREA

Levin, Y. and Kalmanovich, E.
Shefa Yamim (A.T.M.) Ltd., 90 Herzel St., P.O.B. 720, Netanya, 42106

Shefa Yamim Permits are located in the Qishon river depositional basin. The
basin is bordered by the Carmel Fault in the south, and in the north by the Ramat
Yohanan Fault and the raised area of the Shefar’am Tiv'on syncline.

Shefa Yamim Company has been operating diamond-prospecting and
exploration works in the Qishon river basin area since January 1999. The main target
has pointed to the Mt. Carmel area as containing potential host rock diamond
occurrences and continental conglomerates. The study is based on collection and
interpretation of geological materials and geological traverses, strip surveys, test pits,
sampling, and preliminary laboratory results of mineralogical tests.

Shefa Yamim has collected and tested more than 400 samples. The samples
were from: 1) lengthwise of the rivers and their confluents, 2) within magmatic rocks,
3) diluvium, 4) terraces.

Indicative minerals may be observed only in the vicinity of diamond-bearing
magmatic rock. Unrounded indicative minerals show that primary deposit is located
nearby. Rich concentration of indicative minerals is mostly located close to basic
volcanic outcrops of the Upper Cretaceous and Miocene ages.

More than 9000 associated mineral grains, including Garnet (Pyrope), Spinel,
Rutile, Imenite, Zircon, Corundum, Moissanite, Pyroxene etc. have been found in
Shefa Yamim permit area.

73 diamonds have been found in a placer within Shefa Yamim Exploration
Permit area. One micro diamond was identified by the Kimberley Micro Diamond
Laboratory (De Beers, South Africa) from Sample 300 Mount Carmel, Rakefet area.
The size of the micro diamond is 0.074 mm. This is the first finding of a diamond
inside host rock in North Israel.

Based on the constructed Map of Garnet-Spinel and Corundum-Moissanite
haloes there are two distinct, by age and area, mineral associations in the area.

Diamond - Pyrope-Spinel Association related to the Upper Cretaceous
volcanism. The mineral association developed exclusively at the South-West slope of
the Qishon Valley (Carmel Mount).

Moissanite-Corundum Association related to the Miocene volcanism (Lower
Basalt Formation). The association may be found on both sides of the Qishon Valley,
but is abundant on the North-East slope (Migdal HaEmeq). However, there are
exposures that contain minerals of both associations (the low and the middle Qishon
river stream).

Indicative minerals and gemstones were found in size fractions up to 7 mm.
Mineralogical analysis was performed in a fraction less than 1 mm, because almost all
samples contain indicative minerals of this size.

Currently, Shefa Yamim is collecting and analyzing surface minibulk and
drilling samples for estimation of Diamonds and Gemstone deposits.
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HYDROGEOLOQGICAL MAP OF COASTAL AQUIFER - PHASE 1:
SALINITY (CL MG/L) MAP

Livshitz, Y.
Hydrological Service of Israel, POB 36118, Jerusalem, 91360

Coastal Plain Aquifer represents one of the most important water resources of
Israel. Importance of this aquifer, as an operative storage reservoir, even increases
today - at the epoch of water desalination (with its high storativity and low hydraulic
conductivity, this aquifer provides a unique storage reservoir, situated in the central
part of the country).

In the status report on the situation of water resources of Israel, issued by
Hydrological Service of Israel (HSI), the Coastal aquifer is considered as a single
aquiferous unit. Such approach does not entirely reflect the true nature of this aquifer.
A more detailed representation, taking into account aquifer's hydrogeological
structure, is needed. As a first step, hydrogeological map describing the
hydrogeological structure of the aquifer base and chloride concentration in its sub-
aquifers was prepared.

Sub-aquifers:

In its western part, the aquifer is composed of four sub-aquifers (A, B, C and
D). In some locations, there is no hydraulic connection between the sub-aquifers and
between lower sub-aquifers (C and D) and the Mediterranean Sea.

In order to compile the hydrogeological map, all aquifer wells (wells
perforation) were classified to sub-aquifers. The classification was based on wells logs
and on two series of cross-sections: a. The atlas of cross-sections prepared by Y.
Tolmach, published by HSI, and - b. The set of cross-sections prepared by E. Shachnai
in the 1970s and revised in 2003-2004. Part of the classification task was done by A.
Edelman (by request of HSI).

Aquifer base:

The hydrogeological map of the aquifer base is based on the set of maps
published by Gvirtzman (1971) and on the analysis of logs of wells that were drilled
since the 1970s.

In its eastern part, the Coastal aquifer overlays aquiferous formation of Judea
group - Yarkon Taninim aquifer (area of 76 km?) and chalk aquitardic formation of
Mt. Scopus and Avedat groups (area of 1100 km?). In the central and eastern parts, the
aquifer underlies aquicludic clay and marls of Yaffo formation (area of 2500 km?).

Water salinity:

Chloride concentration data, collected by annual sampling (2003/04)
performed by HS], as well as results of Mekorot and Ministry of Health sampling for
the same period, were used for map preparation. In the eastern part of the aquifer, the
map is based on results of survey preformed by NRD Litd. in 2004/05 (by request of
HSI).

In the areas where no recent data was available, historical data (latest most
saline sample) from the database of HSI was used.

Results of TDEM survey, performed by the Geophysical Institute (M.
Goldman) by request of the Water Commission, were also used during map
preparation. The data was classified to sub-aquifers by V. Fridman from HSL



MODELING OF REGIONAL EARTHQUAKES, ASEISMIC
DEFORMATION AND FAULT PATTERNS

Lyakhovsky, V.1 and Ben-Zion, Y.2

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501
2. Department of Earth Sciences, University of Southern California Los
Angeles, CA, 90089-0740, U.S.A.

We study the coupled evolution of earthquakes and faults in a 3-D lithospheric
model consisting of a weak sedimentary layer over a crystalline crust and upper
mantle. The total strain tensor in each layer is the sum of (1) elastic strain, (2) damage-
related inelastic strain, and (3) ductile strain. We use a visco-elastic damage rheology
model (Lyakhovsky et al., 1997; Hamiel et al., 2004) to calculate elastic strain coupled
with evolving material damage and damage-related inelastic strain accumulation. A
thermodynamically based equation for damage evolution accounts for degradation
and healing as a function of the elastic strain tensor and material properties (rate
coefficients and ratio of strain invariants separating states of degradation and
healing). Analyses of stress-strain, acoustic emission and frictional data provide
constraints on the damage model parameters. The ductile strain in the sedimentary
layer is governed by Newtonian viscosity, while power-law rheology is used for the
ductile strain in the lower crust and upper mantle.

Each mechanism of strain and damage evolution is associated with its own
timescale. In our previous study of earthquakes and faults in a 2-D model with
averaged stress distribution over the seismogenic zone (thin sheet approximation) we
demonstrated effects associated with the ratio between time scales for damage
healing and for tectonic loading. The results indicated that low ratio leads to the
development of geometrically regular fault systems and the characteristic frequency-
size earthquake statistics, while high ratio leads to the development of a network of
disordered fault systems and the Gutenberg-Richter statistics. Stress relaxation
through ductile creep and damage-related strain mechanisms is associated with two
additional time scales. In contrast to the previous 2-D model, the thickness of the
seismogenic zone is not prescribed by the model set-up, but is a function of the ratio
between timescale of damage accumulation and depth-dependent timescale of
ductile stress relaxation. Thus, high strain rates generated by large earthquakes
(mainshocks) lead to transient deepening of the brittle-ductile transition and gradual
decrease of the maximum hypocenter depth with time from the mainshock.

The ratio between the time scale of damage accumulation and time scale of
damage-related irreversible strain controls the partition of the stored strain energy in
the seismogenic zone between seismic and aseismic components of deformation.
Analytical and numerical results show that properties of aftershock sequences are
very sensitive to this ratio. Comparison between 3-D modeling and seismic activity in
the Dead Sea region indicates that the degree of seismic coupling is very low in the
central and northern parts of the Dead Sea Transform, in agreement with previous

independent estimates.
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WHERE IS THE MAIN STRAND OF THE ELAT FAULT? RELICT
COASTLINES CONSTRAIN FAULTS SLIP IN THE GULF OF ELAT

Makovsky, Y.1, Agnon, A2, Ariely, R.3, Ben Avraham, Z.3 and
Shemesh, A .4

1. Ezra Hasofer 9/15, Tel Aviv

2. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

3. Department of Geophysics & Planet. Sciences, Tel Aviv University,
Tel Aviv, 69978

4. Environmental Sciences and Energy Research, Weizmann Institute of
Science, P.O.Box 26, Rehovot, 761

We report here results of high resolution geophysical acoustic sub-bottom
profiling of the shelf offshore Elat down to about 120 m depth. On-lapping retrograde
sedimentary layers observed beneath the seafloor of the northern slope down to at
least 60 m depth suggest shelf evolution during sea level rise. A prominent sub-linear
steep (>7°) face stretches between about 100 to 140 m sub-parallel to the Elat shoreline
and outlines an internal basin. This face is fringed at a depth range of 60 to 85 m by c.
200 m wide gently (<3°) sloping terrace. We suggest following Reches et al. (1987)
that this face-terrace complex is a relict coastline feature, and thus can serve as a
marker to measure accumulated fault offsets. This face-terrace complex is modified in
three places: 1. about 5 m down to the north offset of the terrace along a south-east
striking lineament is observed in front of the Elat Marine Observatory; 2. horizontal
truncation along at least 700 m stretch, and about 10 m down to the north-east vertical
offset of the terrace is observed below the port of Elat; 3. about 10 m down to the west
and 150 m left lateral offset is measured across a north-east striking fracture system
truncating the north slope. The offset in front of the Elat Marine observatory is in
agreement with late Holocene ~ 5 m drop of the Coral Beach reef discussed by
Shaked et al. (2004).

The age of the terrace-face complex should correspond to a substantial
duration in which sea level was about 70 to 60 m below present. However, several
such periods existed since early Pleistocene, and therefore the age of the terrace-face
complex can not be constrained at this time. Reches et al. (1987) suggested that the
face-terrace complex evolved during the inter-glacial sea level maximum about 50 Ka.
They suggest that the major strand of Elat fault offsets left laterally the terrace beneath
the port of Elat estimating an average slip rate >10 mm/y. Considering the c. 50 Ka
for the face-terrace complex we estimate about 3 mm/y of left lateral faulting across
the north slope fracture system. Noting that current relative plate motion estimates
constrain the total slip rate of the Dead Sea fault system to about 5 mm/y we suggest
that the north slope fracture system may be the major strand of the Elat fault. The
truncation of the terrace below the port of Elat could be the result of recent land
sliding. The ambiguity in the location and slip rate of the Elat fault can only be
resolved by directed dating of offshore Elat sediments and relict coastal features.
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ARCHAEOSEISMIC OBSERVATIONS IN THE CARMEL FAULT
ZONE: MEGIDDO VERSUS YOQNE'AM

Marco, S.1, Agnon, A.2, Ussishkin, D.3and Finkelstein, 1.3

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

2. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

3. Institute of Archaeology, Tel Aviv University, Tel Aviv, 69978

The Carmel Fault, an active NW-striking branch of the Dead Sea fault, exhibits
unequivocal characteristics of recent activity in its steep 400-m-high escarpment,
sinistrally offset streams, and microseismicity. Although classified as a “capable fault”
and a major seismic risk factor to the populated and industrial area of Haifa bay, no
directly documented evidence for strong earthquakes is available for the Carmel
Fault. Our survey of a variety of damaged and un-damaged archaeological structures
in sites along the Carmel Fault zone mainly from Megiddo and Yogne’am sheds
some light on the late Holocene activity of the fault. Layers of destruction, fallen
masonry, tilted floors, and deformed walls, whose ages are constrained by
archaeological stratigraphy and correlated to neighboring sites, are interpreted as
evidence for two damaging earthquakes that occurred at the end of the fourth
millennium BC and at the end of the 9th century BC, respectively. A third
earthquake, for which the evidence is less conclusive, probably occurred in the
middle of the 8th century BC. In contrast, no damage is noticed in the 13th century
AD (the Crusader period) church and other structures in Yogne’am, indicating at

least eight centuries with no strong earthquake along this section of the Carmel Fault.



THE USE OF AIRBORNE HYPERSPECTRAL REMOTE SENSING
(HSRS) TO CHARACTERIZE THE ANTHROPOGENIC
CONTAMINATION QF SOILS AND SEDIMENTS ON THE
WITWATERSRAND BASIN GOLD FIELDS IN SOUTH AFRICA

Margalit, N.1, Weiersbye, LM.2, Zur, Y.1, Feingersh, T.1 and
Revivo, G.1

1. Bar-Kal Systems Engineering, P.O. Box 8661, Netanya, 42504
2. School of Animal, Plant & Environmental Sciences, University of the
Witwatersrand, Johannesburg, P.O. WITS 2050, South Africa

A hyperspectral airborne campaign was conducted in August 2005 in the
western section of the Witwatersrand Basin, South Africa, historically the
world’s richest gold deposit. Both gold and uranium have been mined from the
Basin at degths ranging from open-cast to over 4 km below surface. The waste

enerated from the mining process is disposed of in large tailings storage
acilities (TSF’s), many of which have a high sulphur content in the form of
pyrites (unoxidized) and sulphates. Gold and uranium TSF’s in South Africa are
unlined, and were historically situated as mountainous deposits on the upper
catchments, on drainage lines and on dolomites in order to facilitate rapid
drainage. This historical lack of awareness of environmental protection has
resulted in extensive contamination of soils, streams and groundwater. Since
the TSF's are elevated above the natural ground contours, they are particularly
susceptible to erosion and seepage. Environmental degradation from gold
mining waste spreads far beyond the disposal sites in the form of air pollution
fdust), and both soil and water pollution as a result of erosion, runoff, seepage,
eaching and efflorescence of minerals from acid mine drainage.

e aim of this study is to focus the attention of the mining industry on
}Rlperspectral remote sensing as a cost-effective and accurate tool” for
identifying and magping groblem areas, focusing clean-up and mineral
recovery efforts, and for demonstrating environmental improvement and
compliance. Demonstrating environmental compliance is now crucial for mines
in South Africa, as lack thereof can lead to the loss of the mining permit.

Specific objectives of this study are to: )

(a) Test and demonstrate the ability of high spectral resolution airborne
hyperspectral remote sensing to detectf and distinguish between different
sources of surface contamination on a range of different geologies, soil types
and land-uses,

(b) Determine whether the vegetation classes that are known to be
associated with contaminated substrata are spectrally distinct from vegetation
classes on non-contaminated substrata, and hence ‘can be useful as indirect
indicators of environmental contamination.

To achieve the above objectives, two transects were flown to the West and
East of Johannesburg, encompassing as many different landsca}gtes as possible.
The airborne data-%atherin exercise was carried out at 25,000 ft ASL with 3.3
meters spatial resolution. The sensor that was used for this demonstration is
AISA-ES, a hyper-spectral airborne imager with a spectral range between 403-
2370 nm. Two levels of ground-truthing were carried out at selected points
along the transect. Firstly, spectral ASD readings were taken in the field, and
secondly, a sample was taken at each of 1I00 geo-referenced points for
analytical analysis. The results of the HSRS are presented as geo-referenced
thematic maps.
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VARIABLE SEA LEVEL AND FLOODING PHENOMENA IN THE
BLACK SEA DURING THE EARLY HOLOCENE

Mart, Y.}, Ryan, W.2, Cagatay, N.3, Giosan, L.4, McHugh, C.2
and \'/achtman, DJs5
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3. Division of Geology, Faculty of Mineral Resources, Istanbul Technical
Univers[i_tly, Istanbul, Turkey
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5. Department of Geography and Environmental Development, Ben-

Gurion University of the Negev, P. O. Box 653, Beer-Sheva, 84105

A geological and geophysical marine survey was carried out along the distal
continental shelf off the northern edge of the Bosporus (Istanbul) Straits in the Black
Sea in summer 2005 on board R/V Mediterranean Explorer. The survey tried to
elucidate the details of the transition of this aquatic body from lake to sea in the early
Holocene. The survey encompassed ca. 1000 km of high-resolution seismic profiles
and obtained 14 gravity cores. Our analysis of these data suggests that the Black Sea
was a fresh to brackish water lake in the early Holocene, and that its transition to
marine waterway was abrupt. Specific evidence for extensive subaerial erosion of the
present continental shelf was encountered in the Black Sea which preceded the
intensive marine flooding.

Conflicting geological and geophysical studies regarding the water
composition of the Black Sea and its changing water level during the early Holocene
were presented during the last 12 years in the scientific literature. While it is generally
agreed that a fresh-brackish water lake occurred in this basin after the Last Glacial
maximum (LGM), when global sea level was ca. 125 m lower than its present level,
there is disagreement on the rate in which the Black Sea changed into its present
marine environment as global sea level was rising in the early Holocene. While some
persistently argue that a steady aquatic connection existed between the Black Sea and
the Sea of Marmara after the LGM, accumulating evidence suggests that abrupt
marine flooding took place in the Euxenic Lake, the fresh water predecessor of the
Black Sea, some 8,400 years ago. The present survey verified the occurrence of a large
and elaborate delta located north of the Bosporus Straits that was formed by a flow
that was much stronger than the present flow. Our data suggest further that the distal
continental shelf of the southern Black Sea had been subaerially eroded, and the
rivers that flowed there had cut channels and accreted levees, that were partly eroded
by the subsequent flood. We confirmed previous observations regarding two major
unconformities in the upper sedimentary sequence of the Black Sea, but differ on the
interpretation. The strong erosion of the lower unconformity is the result of subaerial
erosion, when the level of the Euxenic Lake dropped drastically, while the upper
unconformity probably reflects the last phase of the lacustrine deposition, which was
terminated by the abrupt invasion of the Mediterranean waters. The thin veneer of
post-flood deposition can be attributed to the present Black Sea sedimentology.
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LANDSCAPE DEVELOPMENT IN AN HYPER ARID SANDSTONE
ENVIRONMENT ALONG THE MARGINS OF THE DEAD SEA
FAULT: IMPLICATIONS FROM DATED ROCK FALLS

Matmon, A.l, Shaked, Y.}, Porat, N.2, Enzel, Y.1, Finkel R3,,
Lifton, N4, Boaretto, £.5'and Agnon, AL
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Ram, Jerusalem, 91904
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Geosciences Department, University of Arizona, Tucson, AZ, 85721,
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ESER Department, Weizmann Institute of Science, Rehovot, 76100
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In this study we explored the spatial and temporal relations between
boulders and their original in-situ locations on sandstone bedrock cliffs. This
was accomplished by combining field observations with dating methods using
cosmogenic isotopes (1’Be and C) and optically stimulated luminescence
(OSL). Our conclusions bear both on the landscape evolution and cliff retreat
process in the hyper-arid region of Timna and on the methodology of
estimating exposure ages using cosmogenic isotopes.

We recognize three discrete rock fall events, at 31 ka, 15ka, and 4ka. In
this hyper arid region the most plausible triggering mechanism for rock fall
events is strong ground acceleration caused by earthquakes generated by the
nearby Dead Sea fault (DSF). Our record, however, under represents the
regional earthquake record. This under representation implies that either the
ongoing development of detachment cracks prior to triggering event is slower
than the earthquake cycle or that boulder piles are formed only during big and
rare earthquakes.

Cliff retreat rates calculated using the timing of rock fall events and
estimated thickness of rock removed in each event range between 0.14 m ky-!
and 2 m ky-l. When only full cycles are considered, we derive a more realistic
range of 0.4 m ky to 0.7 m ky.. These rates are an order of magnitude faster
than the calculated rate of surface lowering in the area. We conclude that
sandstone cliffs at Timna retreat through episodic rock fall events that preserve
the sharp, imposing, landscape characteristic to this region and that ongoing
weathering of the cliff faces is minor.

A 10%-20% difference in the 10Be concentrations in samples from
matching boulder and cliff faces that have identical exposure histories and are
located only a few meters apart, indicate that cosmogenic nuclide production
rates are sensitive to shielding and vary spatially over short distances.
However, uncertainties associated with age calculations yielded boulder and
matching cliff face ages that are similar within 1o. The use of external
constraints, in the form of field relations and OSL dating helped to establish
each pair’s age. The agreement between calculated 14C and 1%Be ages indicates
that the accumulation of 1Be at depth by the capture of slow deep-penetrating
muons was properly accounted for in the study.



IRON-MINERALIZATION AND DOLOMITIZATION IN THE
PARAN FAULT ZONE: IMPLICATIONS FOR LOW-
TEMPERATURE BASINAL FLUID PROCESSES

Matthews, A1, Gadish, S.}, Ilani, S.2, Ayalon A.2 and
Garfunkel’, Z1

1. Institute of Earth Sciences, Hebrew University of Jerusalem, 91904
Jerusalem
2. Geological Survey of Israel, 30 Malchei Israel Street, 95501 Jerusalem

Petrography, Eh-pH calculations and the stable isotope composition of oxygen
are used to interpret geochemical processes that occurred during iron oxide
mineralization and dolomitization along the Menuha ridge segment of the Paran
Fault, southern Israel. The iron mineralization is strongly localized in the fault zone as
ferruginous lenses containing cogenetic quartz and opaline silica, whereas the Fe-
dolomitization spreads laterally into the Cenomanian-Turonian limestone host rock
as stratabound beds up to 1500 m distant from the fault. The oxygen isotope
fractionation between syngenetic quartz and iron-oxides in the iron ores gives a
temperature of 50 + 10°C and 6O SMOW water = -3.5%o, consistent with
metalliferous-groundwater flow in the sedimentary basin. Textures in epigenetic
ferroan dolomites formed adjacent to the fault vary, with some dolomites being
characterized by simple zoning and others by complex zoning. In all cases, the initial
mineral phase was ferroan dolomite, which formed under strongly reducing
conditions, but this was followed by oxidation and pseudomorphic replacement of
the dolomite by a mesh of fine-grained iron oxides (simple zoned dolomites). In the
complex zoned dolomites, this cycle of ferroan dolomite formation and replacement
by iron oxides was repeated, most commonly near the void space of secondary
porosity. Simple zoned rocks dominantly occur in the stratigraphically highest
mineralized unit (Gerofit) and at the location (Zvar Habaqbuq) furthest away from
Dead Sea Transform, whereas the complex zoned dolomites occur in the sites closest
to the DST and lowest stratigraphy (Mt Eshet, Vroman bank and Tamar member;
Eshet dome, Tamar member). Oxygen isotope compositions of the dolomites fall into
two groups: a high 880 group with 680 values (27.5 to 31 %o) corresponding to the
simple zoned dolomites and a low 880 group (18.5 to 24.5 %o) corresponding to the
complex zoned dolomites. Mass-balance calculations suggest that high %O
dolomites formed in the presence of fluids with 6180 = -4 to 0 %o) and temperatures <
50°C, whereas the low 880 dolomites formed from fluids -8 %o < 680 <0 %o) and T =
50 - 75°C. A kinetic calculation indicates that dolomitization must have occurred at
high values of the dolomite saturation index. This requirement for high Mg solution
concentrations and the indication that epigenetic dolomitization is more protracted in
the deeper formations located closer to the DST is consistent with magnesium being
derived from Mg-rich brines formed in the Dead Sea Rift, as suggested by in our
companion study (Erel et al, 2006).
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DEVELOPMENT OF ISRAEL - OUR INPUTS AS GEOLOGISTS
Mazor, E.

Environmental Sciences and Energy research, Weizmann Institute of
Science, Rehovot 76100

Israel is blessed with an impressive variety of landscapes, morphological units,
and well exposed geological features - prime assets to be carefully included in the
optimal development of the country. The following are just a few examples of the
long list of relevant topics:

Mining and quarrying - inline with landscape preservation, e.g. preserving
special Nature and heritage assets; full exploitation of the quarry or mine; relating the
exploitation to the final rehabilitation plan; minimizing the damaged area; constant
monitoring and maintenance of the exploitation area; etc.

e Considering competing Nature-related usages when selecting mining
areas
Involvement in groundwater protection schemes
Promotion of clean management schemes
The geological landscapes as a planning asset
Help to plane optimal landscape-oriented roads

Anchoring urban systems in their geological surroundings, e.g.: a mountain
view, canyon, coastal plain, rocky desert, makhtesh, sand dunes, kurkar ridge,
sections of the deep landscape channel of the Rift Valley; a spring, cave, fault
escarpment, typical rock section exposure, etc. These will provide every city and
village a local uniqueness by proper location of the public gardens and promenades;
by the decoration of public complexes with local rocks; and by directing the school
students to study their geological environment.

Thematic Nature reserves - the geological topics, which provide excellent
“umbrella” topics - especially all over the rocky desert of the Negev.

Promote the preservation of pristine landscapes - as a contribution to tourism
and for heritage by the future generations.

Promote the declaration of UNESCO-related geosites and geoparks

Geological exhibitions, posted-signed trails, activity groups

Preparing materials for field guides

Nature-geology tourism has a high economical potential
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Iljlcl)wRI 'IC}EOLOGISTS OF THE 21ST CENTUARY THE SKY IS THE

Mazor, E.

Weizmann Institute of Science, Environmental Sciences and Energy
Research, Rehovot, 76100

Traditional geology included economic geology, mapping and research, but
this scope of activities grew constantly and at the 21st century “the sky is the Limit”.
The following are just a few examples of the additional activities we have at our
horizon:

Contribution to state and municipal planning committees, e.g. Israel 2020,
TAMA-35, or Mizpe Ramon conceptual program.

Initiation of geology-related reserves, e.g. the Ramon Reserve National
Geological Park.

Activity leading to statutory decisions, e.g. the Special Government Decision to
Protect the Makhteshim Country (1994, 1996).

Preparation of detailed environmental activity planes, e.g. a five-year program
to rehabilitate the groundwater system.

Participation in the local UNESCO-related World Heritage team, e.g.
preparation of the nomination file of the Makhteshim Country and Great Rift Valley
Segment.

B Feedback to Knesset Committees on geology-related issues, e.g. mining at the
Makhtesh Ramon and Makhtesh Gadol; phosphate mining; addition of fluorine to all
the domestic water supply.

Involvement in the opening of local research centers, e.g. the Ramon Science
Center and the new idea of the Ramoniversita.

Introduction of geology teaching, e.g. at the Open University or the schools’
system.

Y Master plans for public facilities related to geology, e.g. the Ramon Visitors
Center, Bio-Ramon and Yeziramon.

Lecturing in courses of the Radio and the TV, including preparation of movies
and printed materials.

Feedback to environment and science reporters of the news papers, e.g. in
regards to the installation of a new electricity line through Makhtesh Ramon, or
phosphate mining at Hazeva West.

Sharing our research results with the public, e.g. by publishing in popular
Hebrew journals and popular books.

Geology-Art-Nature dialogues and activities

Assisting geology teaching schemes from the kindergarten to high school

The list of extra-activities of IGS members is long and exciting, and this is just

the beginning.




CARMEL FAULT AGE-CONSTRAINT, NEW EVIDENCE FROM
HIGH RESOLUTION GEOPHYSICAL STUDY

Medvedev, B.1, Ben Gai, Y.}, Frieslander, U.! and Bartov, Y.2

1. Geophysical Institute of Israel, P.O. Box 182, Lod, 71100
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The Carmel fault is a major feature in the northern part of the Sinai subplate
(Israel), branched from the Dead Sea Transform DST northwestwards towards the
Mediterranean Sea. It has been suggested to be associated with historical and recent
earthquakes, and to be a major feature within the seismogenic zone. A recent seismic
reflection survey in the northern edge of the Haifa port was carried out by using high
resolution parameters (i.e. high vertical and horizontal sampling) in order to observe
small vertical displacements. The main targets of this study are (1) to determine if a
fault can be traced within the area of investigation, (2) to determine the youngest
vertical displacement on this fault, and (3) to define it in the context of the Geological
Survey of Israel potential Active Faults map.

Interpretation of the seismic line, correlated to geotechnical boreholes drilled
to a maximum depth of 120m, shows two different geological provinces. The western
part is built of dolomite from the surface to an unknown depth and has high seismic
velocities. The eastern part has lower velocities and is comprised of shale, marl and
sand. The "base Pliocene" marker has been recognized based on seismic and well data
in the Haifa bay area and undisturbed Plio-Pleistocene sediments onlap the up-
thrown block. Suggested interpretation show that the two provinces define two
blocks separated by the Carmel Fault trace, and that it was not active during the
Pleistocene and maybe earlier at this location.
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A SEISMIC INTERPRETATION OF THE GEOLOGY OF THE BET-
SHEAN BASIN

Meiler, M., Flexer, A., Reshef, M., Shulman, H. and Yelin-
Dror, A.

Department of Geophysics and Planetary Sciences, Tel Aviv University,
Tel Aviv, 69978

The Bet-Shean basin being located at the north-east edge of Samaria Mountains
is a morphotectonic depression and an important link in a series of pull-apart basins
which appear along the Jordan Rift Valley.

The unique location of the basin at the intersection of two primary tectonic
systems i.e. the Dead Sea transform and the Gilboa-Carmel line has created a complex
morphotectonic feature of step blocks descending towards the Jordan River.

In the current research the subsurface geology, the structure and the
stratigraphic sequence of the basin were studied by interpreting twenty seismic lines
which cover the entire study area. The framework of the research includes the
following steps: identification of seismic primary reflectors and fault planes from time
sections refereeing to the synthetic seismogram of Revaya-7 water well; time to depth
conversion and interpretation in the depth domain was carried out as well as
construction of structural maps of interpreted horizons (both in time and depth
domains). Finally construction of 3D geological model of the basin using GIS
technology was established.

Four strong reflectors were recognized and related to the synthetic
seismogram: (1) within the Cover Basalt formation; (2) near top Hordus formation; (3)
near base Hordus formation; (4) near top Judea group. A fifth horizon not penetrated
by Revaya-7, is considered to be within the Jurassic, probably near top Zohar
formation.

The interpretation of east-west profiles reveals two prominent fault zones: a
western one that divides the Gilboa slopes and Bet-Shean valley and an eastern one
that divides Bet-Shean valley and the Jordan Rift Valley. In addition, those lines
delineate the deep structure of the basin, which consists of the northern extension of
the Faria Anticline.

A thick dome-shaped sequence of Pliocene sediments has been detected on the
most eastern part of the study area, leaning on the eastern fault zone. This structure
could be an indication of a salt body, buried at the shallow depth of an approximately
a100 m.

Seismic profiles of north-south direction reveal a NW-SE oriented fault planes
associated with Gilboa-Carmel tectonic system. Three prominent structural elements
have been encountered: (1) Harod Graben being the subsurface expression of the
eastern continuation of Harod Valley which is bounded by normal faults from north
and south; (2) an elevated block of Tel-Rehov area; (3) a series of normal faults which
delimit the basin from the south.

Based on the five interpreted horizons, a 3D depth domain geological model of
the study area has been constructed. The model presents the sprawling of the
horizons and enables quantitative analysis of the depths of interpreted lithological

units.
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GROUND MOTION SCALING IN ISRAEL
I[\)/I?irov, T.1, Hofstetter, R.2, Ben-Avraham, Z.! and Steinberg,

1. Department of Geophysics and Planetary Sciences, Tel Aviv
University, Tel Aviv, 69978
2. The Geophysical Institute of Israel, P.O. Box 182, Lod, 71100

The social and economic effects of strong earthquakes can be reduced
significantly through a comprehensive assessment of seismic hazard and risk. In
order to assess the hazard we need information regarding the seismic activity and the
attenuation of the waves propagating through the media. The objective of our study
is the quantitative description of regional attenuation for the Israel region.

The attenuation relationship derived by Boore et al. (1994) based on the data
from California provides the reference attenuation relation for many regions of the
world and has been utilized in Israel and implemented into the Probabilistic
Earthquake Hazard Analysis procedure. The evaluation of attenuation relationship
based on the regional data is of great practical importance to this region. Records of
strong large earthquakes are rather scarce in Israel and thus developing of optimal
relation for this reason is impossible. For this purpose we used the Yazd's method
(1993), allowing to use data from more frequent, smaller earthquakes to constrain the
distance and frequency dependence of the ground motion. Regression technique next
developing by Raoof et al. (1999), Malagnini et al. (2000) and Herrmann (1999)
enabled the determination of the propagation effect, excitation and site effects and
further modeling of ground motion.

Analysis of regional seismic network data was performed to define the
distance scaling for the Dead Sea region. To derive the empirical excitation, site, and
attenuation terms we used 331 events ranging between 1.5 to 5.2 M;. All together
4814 short period and broadband waveforms were used in the analysis. The
regression was performed to examine the peak ground velocity and Fourier velocity
spectra over a discrete set of sampling frequencies from 1 to12 Hz. The results are
then used to calibrate effective theoretical attenuation and excitation models.

The regional propagation was modeled by using a frequency-dependent piece
wise continuous linear geometrical spreading function and a frequency-dependent
attenuation parameter Q. The excitation spectra of seismic events were modeled by
using Brune’s source spectral model, by a regional estimate of the near-surface
network-averaged attenuation and by regional attenuation function. We estimated
several models of wave propagation and excitation spectra. Our observation show
interesting features. Earthquakes in the Dead Sea region exhibit nonconstant dynamic
stress drop scaling that allow us to assume a difference in rupture dynamics between
small and large earthquakes. All models, while different in appearance, reflect the
same propagation functional and significant lower attenuation in the Dead Sea region
than estimates in previous studies in our region (van Eck, 1988; Pinsky, 1995) and
than what was found in central California. This idea is confirm the assertion that the
Dead Sea region has lower seismic hazard than California and may have similar
hazard as in Turkey.
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RECENT DISCOVERIES FROM THE SHORES OF THE DEAD SE/
IN RELATION TO THE SINKHOLES DEVELOPMENT -

Motsan, Z.
Ministry of Science and Technology, Israel

Along the Dead Sea shore between Nahal Kidron and Nahal Temarim, large
tunnels were found oriented perpendicular to the shore. These tunnels drain the
subsurface flow below the wide mudflats developed in the region as a result of the
long process of the lake level retreat. The outlets of the tunnels to the coastal plain
were exposed only recently. The tunnels are approximately 1 m high, they have an
elliptical shape and their bottom is flat. In this area there is a possible connection
between the elongated tunnels and sinkholes that developed in the mudflats. It is
proposed here that the sinkholes developed as a result of collapse of the tunnels
which run underneath in the subsurface.

In previous studies it was clarified that a solid salt layer was deposited below
the present costal plain of the Dead Sea. It is suggested here that the western edge of
the salt layer serves as a barrier to the subsurface water running toward the lake. The
barrier directs the water to a channel running parallel to the salt layer. It is assumed
that the buildup of the subsurface tunnel caused the line of collapse sinkholes
oriented parallel to the coast as observed in several locations along the coast. In this
case the solid salt layer is functioning much more as a barrier rather than a dissolving
agent as previously thought.

It is assumed that during the frequent earthquakes in the Dead Sea region, the
solid salt layer has been fractioned and that these fractions were conserved for a long
time relative to the non fractioned muddy lithology surrounding the salt. Therefore,
these fractions will serve as preferred routs to the subsurface flow, which will
develop tunnels oriented according to the fraction orientation.

The observation made along the shores of the Dead Sea arise the hypothesis
that the subsurface flow concentrated in the tunnels can contribute to the
development of the collapse sinkholes as a result of the flow itself and with no
necessary relations to the dissolution of salt layers. Further research is needed to

clarify this hypothesis.
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THE CONFLICT BETWEEN DEVELOPMENT PROJECTS AND
PROTECTION OF WATER RESOURCES

Nativ, R.

Faculty of Agriculture, The Hebrew University of Jerusalem, P.O. Box 12
Rehovot, 76100

Hydrological considerations are typically less dominant when considering
various development projects. Whereas political and economical powers are backed
by strong lobbies, hydrological arguments expressed by various professionals are
often inconsistent, if not contradicting. Case studies from both the US and Israel
illustrate this premise. Divers opinions regarding the hydrological consequences
derive from the large number of uncertainties, embedded in all hydrological models.
Therefore, alternative hydrological scenarios can be validated only in retrospect, years
after the development projects have materialized.
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HOLOCENE VE,GETATION AND CLIMATE HISTORY AT THE
DEAD SEA: ZE'ELIM AND EIN FESHKA

Neumann, F.12, Kagan, E.J.23, Stein, M.2 and Schwab, M.

1. Institut fuer Palaeontologie, Rheinische Friedrich-Wilhelms-
Universitidt Bonn, Nussallee 8, 53115 Bonn, German

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

3. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem 91904

4. GeoForschungsZentrum Potsdam (GFZ), Telegrafenberg, 14473
Potsdam, Germany

Palynological and sedimentological data were obtained from sedimentary
sections of the late Holocene Dead Sea that are exposed at the Ze'elim gully and Ein
Feshka on the western retreating shores of the Dead Sea. The two sections are located
in the nearshore -fan delta (Ze'elim) and in the mostly lacustrine (Ein Feshka)
environments, thus allowing comparison between two different environments. Ein
Feshkha is also close to fresh spring systems and the Jericho oasis. The data were used
to evaluate the relation between vegetation, lithology, and climate.

The chronology of the Ze'elim profile was established by radiocarbon dating
(correlation to Bookman (Ken-Tor) et al. 2004 nearby section). The pollen diagram
begins in the Early Bronze Age or maybe the Chalcolithic with an increase of olives,
whereas at the beginning of the Iron Age oaks are expanding (with low values of
anthropogenic indicators). The decrease of oaks and olives corresponds to the
appearance of a beach ridge in the section, which marks a low lake level and arid
conditions at ~3200 BP. The end of the Iron Age shows first an oak peak, and then
low values of arboreal pollen. The Hellenistic until Byzantine periods are
characterized by high olive values. Additionally, grapes, dates, and walnuts were
cultivated. The collapse of anthropogenic indicators at ~1300 BP, possibly
accompanied by a silty layer and more arid conditions, is followed by an increase of
pines.

The Ein Feshka section exposes a 585 cm sedimentary record spanning the past
3200 y (correlation to the nearby radiocarbon dated drilled core Migowski, 2004). The
age of the top of the Ein Feshka section is estimated according to Migowski (2004)’s
interpretation of an 18th century earthquake in her core and a pollen grain of corn
from a depth of 5cm which was cultivated since the 17t century in the Ottoman
Empire. The bottom of the section is correlated to the 3200 BP beach ridge in the
Ze'elim record.

The Ein Feshka pollen diagram shows a similar pattern to the Ze“elim record:
In the Iron Age a pronounced olive peak is observed. The highest values of cultivated
plants are found during the Roman and Byzantine periods. As in Ze“elim profile the
Early Arab period is marked by a decrease of cultivated plants and an increase of
pines but the pronounced increase of evergreen oaks is a clear signal for a stronger
Mediterranean influence at the northwestern shore of the Dead Sea.

A strong connection between fluctuations of the main pollen indicators and the
lithology of the sections indicates that during high lake levels the climate was more
humid and allowed an increase of agriculture. Both sections show the same
settlement phases and climatic changes although the Ze’elim record is more affected

by arid periods.
91 Z



CURRENT GROUND MOVEMENTS IN MT. CARMEL:
STACKING OF INSAR MEASUREMENTS AND ELASTIC
MODELING

Novitsky, R.12, Baer, G.2and Eyal, Y.1

1. Department of Geological and Environmental Sciences, Ben-Gurion
University of the Negev, P. O. Box 653, Beer-Sheva, 84105
2. Geological Survey ot Israel, 30 Malkhe Israel St., Jerusalem, 95501

The Carmel Fault is considered as "potentially active". We present new
Interferometric Synthetic Aperture Radar (INSAR) measurements of the current
deformation in the vicinity of the fault in an attempt to resolve the crucial dilemma
whether the fault is indeed active or not. Conventional InNSAR studies have
demonstrated the potential of this technique to detect sub-centimeter ground
displacements along the satellite to ground line of sight, with limitations resulting
mainly from temporal and geometrical decorrelation, atmospheric artifacts and cycle
ambiguity. INSAR is most effective for measurement of large deformation features
such as those associated with earthquakes. When trying to apply this technique to
measure areas with little or no deformation, such as interseismic deformation, it is
difficult, in many cases, to distinguish between the real deformation and the effect of
atmospheric signal. To overcome this difficulty in the analysis of the Carmel Fault
and minimize the atmospheric noise we use a stacking technique, in which we add
the phase changes from all the available interferometric pairs, and divide the sum by
the total time span of the measurements. We assume a constant deformation rate and
a random atmospheric signal.

We use three different datasets of the European Space Agency (ESA) ERS-1
and ERS-2 satellites, acquired between April 1992 and December 2001.
Interferograms were generated by the JPL/Caltech ROI-PAC software.

Our results show a significant improvement of the signal-to-noise ratio as the
number of interferograms in the stack increases. Relative uplift rate of ~1 mm/yr is
observed in the western side of the Carmel with respect to the eastern slopes. We
detect no evidence of surface rupturing on the Carmel Fault itself but we observe an
uplifted area in the hills south of Tiv'on and east of the N-S segment of the Carmel
Fault which suggests transpression at a right bend of the fault due to left-lateral slip.
This feature is in agreement with our previous analysis of the region by Permanent
Scatter (PS) InNSAR. Finally, an attempt is made to explain the observed deformation
by elastic dislocation fault models which assume a left-lateral movement on the fault
associated with a reverse component.
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SOURCES AND SINKS OF MANGANESE IN THE SOIL-AQUIFER
TREATMENT (SAT) SYSTEM OF THE SHAFDAN PLANT

Oren, O.12, Gavriel, 1.1, Burg, A.l and Lazar, B.2

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem 95501
2. The Institute of Earth Sciences, The Hebrew University of Jerusalem,
Jerusalem 91904

High Mn concentrations appeared at the end of the 1990s in the waters of the
production wells around Yavne-2 recharge basin of the Soil Aquifer Treatment (SAT)
system of the Shafdan sewage reclamation plant that have been operating for more
than 20 years. The Mn rich groundwaters are pure effluents with modified chemical
composition as compared to the recharged effluents. Their composition is
characterized by relatively high levels of nitrate and DOC (dissolved organic carbon)
and low levels of dissolved oxygen and ammonium. The Mn concentrations in these
waters range between 100 ppb and 2000 ppb Mn, 3-70 times higher than in the
recharged effluents. This suggests that Mn is mobilized within the SAT system. The
present study attempts to identify the Mn sources and describe the geochemical
mechanisms controlling the Mn mobilization within the SAT system.

Calculated water and Mn balances indicate that till the late 1990s, Mn input
into the Yavne-2 recharge basin exceeded the Mn output through the production
wells by ca. 14 tons. Thus, during this period Mn accumulated within the Yavne 2
SAT system. Later, between 1999 and 2003, this situation was reversed and the total
Mn recovery significantly exceeds the Mn input. This suggests that Mn-oxides in the
"Kurkar" country rocks were reduced under suboxic conditions in the aquifer and the
Mn(II) was mobilized by the groundwater.

Groundwater having similar chemical composition (modified effluents) but
containing low Mn levels, form an external ring around the inner area containing the
high Mn water. The low Mn in the outer ring suggests that Mn(II) mobilized in the
inner circle is adsorbed on the country rocks of the outer ring (the dissolved oxygen is
too low to induce precipitation of Mn-oxides). Indeed, the calculated chemical
composition of the cation exchange sites in the country rocks of the aquifer indicate
that the rocks can adsorb large quantities of Mn(Il). Therefore, it appears that Mn(II) is
mobilized in the inner circle only when Mn exchange sites are occupied and in
equilibrium with the modified effluents. The boundary of the inner circle marks the
location of the Mn(Il) front which is propagating outward much slower than the
water (the residence time of water in the system is less than a year and the plant
operates more than 20 years). The speed of the Mn(Il) front is controlled by the
kinetics of Mn-oxides reduction and the time it takes to equilibrate all Mn exchange
sites. The heterogeneity in the clay content and the inhomogeneous distribution of
clay horizons in the geological section may significantly affect the movement of the
Mn(ll) front in different directions and explain the large variability in Mn
concentration in the production wells.



PRESERVATION OF GEOLOGICAL SITES
Orion, N.! and Sadot, E.2

1. Department of Science Teaching, Weizmann Institute of Science
2. Israel Nature and National Parks Protection Authority

The Israeli law for preservation of natural values specifies 3 types: fauna, flora
and non living objects. A long list of animals and plants were prepared for the first
two types, however the non-living value includes only 3 phenomena: fossils,
stalactites and Dead Sea's crystals. However, even for the fossils the protection does
not include quarries. Moreover, the law of "National Parks" protects the geological
phenomena that exist inside the declared national parks, but does not protect any
important and rare sites that are not located in the national parks.

As a result many rare and important geological natural values were destroyed
along the years according to the fast urbanization and construction processes.

The Israeli Geological Society (IGS) together with Israeli Nature and National
Parks Protection Authority (INPA) have launched about 6 years ago a joint project
aimed for the preservation of important geological sites in Israel. Efforts focus on
creating a database of about 400 sites and proposing ways to preserve the sites. A
website was constructed where all located sites appear on the Israel map and visual
and textual information are included for every site. Until now only about 100 sites
have been reported by IGS members and many more should be added to the list.

INPA concentrates on finding legal solutions for defining small scale geological
outcrops and phenomena as objects for preservation. However, the progress on the
legal side is also depended on the ability of the geological community to convince the
legal authorities that the preservation of geological sites is a national scale
phenomenon.

In parallel to our local activity, UNESCO started an international project of
mapping geological small scale sites - Geosites - for preservation.
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MECHANICAL PROPERTIES OF SOILS FROM THE SOUTHERN
COSTAL PLAIN, ISRAEL

Oriyan, 1.1, Hatzor, Y.H.! and Gvirzman, H.2

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

2. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

The mechanical properties and behavior of two soil types were studied in this
research by application of i situ and laboratory tests. The soil profile in the study area
at the Southern costal plain of Israel consists of Silty Sand (SM) and Clayey Sand (SC).

In situ tests were performed in 6 boreholes drilled to a maximum depth of 20
meters. The tests included standard penetration tests (SPT) and pressuremeter tests
(PMT). Seismic wave velocity survey included Cross-hole and Down-hole methods.
Blocks of both soil types were quarried out of natural slopes found on site for
laboratory tests, including direct shear tests and monotonic cyclic shear tests. Samples
from bores were retrieved in 1 meter intervals for soil classification purposes. The
index properties of each soil type were initially determined. The compressive and
shear strength of the soils were investigated using a hydraulic, closed loop servo-
controlled, direct shear system (TerraTek Inc.). All tests were performed on intact soil
samples with natural water content of 2- 3% under drained conditions. The shear
segments were performed under displacement control and the normal loading
segments were performed under load control.

The normal load segments data were reduced to one dimensional
compression curves which show that the soils are over consolidated, with an OCR
ranging between 2-4 .

Direct shear test results show that the two soil types have different shear
strength. The SM type can be characterized by a linear Coulomb - Mohr failure
criterion: t = 0.6204s;, , with zero cohesion and an internal friction angle of 32°. The SC
type has a shear strength of 400 kPa under a normal stress range of 138 - 414 kPa.

The elastic parameters of the two soil types are compared from static and
dynamic tests. The static shear modulus for the SM soil type was determined from
laboratory cyclic shear tests and in-situ pressuremeter tests, where dynamic shear
modulus was determined from in- situ seismic wave velocities. Values of dynamic
shear modulus (Gq) are between 172 - 380 MPa and are higher than the initial shear
modulus (G'o) found in laboratory cyclic shear tests, between 21 - 64 MPa, as
expected.

pec:tThe dynamic Young modulus (E4) values are 323 - 793 MPa and are higher
than the values of the static tests. Static Young modulus values for the SM soil type
range between 90 - 164 MPa while for the SC soil type is 113 MPa. The Young
modului from pressuremeter tests (Ep) were found to be lower than the lab values
when calculated using the dynamic Poisson ratio (ng) or a constant Poisson ratio of n
= 0.33, as assumed in routine pressuremeter applications in soils.




BUILDING AN AUTOMATED GEOLOGICAL MODEL FOR GIS
MAPPING AND ANALYSIS FROM REMOTELY SENSED DATA: A
CASE STUDY OF THE DANNA RESERVE IN JORDAN

Peeters, A., Dadon, A. and Karnieli, A.

The Remote Sensing Laboratory, Department of Solar Energy and
Environmental Physics, Jacob Blaustein Institutes for Desert
Research, Ben-Gurion University of the Negev, P. O. Box 653, Beer-
Sheva, 84105

In recent years, remote sensing (RS) has become a prime data source for
Geographic Information Systems (GIS) mapping and analysis. The option to
introduce a global view, enhance ground-collected data, acquire high-resolution
spatial and spectral data and incorporate this data into a GIS system has been realized
by the geological community as well. This has resulted in a wide range of
applications, for example, in groundwater and mineral exploration as well as in
environmental geoscience. In addition, novel image processing techniques have been
integrated into the RS-GIS framework, making it possible to classify rock and mineral
features in a faster and more accurate way. A significant contribution to the
geological studies within the RS-GIS framework has been the development of 3D-
GIS. Remotely sensed digital geodata has enhanced the use of 3D modeling of surface
and subsurface objects, not only for the purpose of representing and visualizing the
third dimension, but also for interpreting and analyzing geological objects.

One of the fundamental characteristics of a GIS system is the method of
overlaying, which allows combining and associating different types of data: spatial
and non-spatial. Selections and queries for example are methods for investigating a
combination of data.

The objective of this paper is to develop an integrated and automated
framework for 3D geomodel building and geodata investigation. Therefore an
integrated approach was adopted that combines various types of geodata and
processing techniques. The output was a multi-layered model that facilitates spatial
analysis.

The Danna national park reserve, located in western Jordan, was chosen as a
case study. It extends from the top of the Rift Valley at the east, down to the desert
lowlands of Wadi Araba in the west. The geology ranges from Precambrian to
Quaternary in age. Input data consisted of a digital geological map of the area and of
remotely sensed geodata: a Digital Elevation Model (DEM) representing elevation
data and a satellite image containing mineralogical data, with a 30m spatial resolution
taken by the Earth-Observing-1 (EO-1) Hyperion sensor. This data served as the basis
for extracting additional information such as topographical and geophysical
attributes and finally for the actual spatial analysis. This consisted of investigating
quantitatively the relation between the spatial location of different geological layers
on surface and the features of the landscape and constructing a 3D view of the
subsurface.

It is important to note that this model can serve as a prototype for an integrated
automated approach in which additional layers can be added in the future to facilitate
a more comprehensive analysis of the area such as climatic data or any other thematic

data e.g. soil, vegetation, and land use.
96 g



COMPUTATION OF SEISMIC HAZARD MAPS OF ISRAEL FOR
DIFFERENT PROBABILITIES

Perelman, N., Avirav, V. and Zaslavsky, Y.

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

The Seismic Hazard Maps show the distribution of earthquake shaking levels
that have a certain probability of occurring. These maps were created to provide the
most accurate and updated information for construction of buildings, bridges, dams
that can withstand ground shaking and also update the building code of Israel
(Standard 413).

In 2001, in the Geophysical Institute of Israel in cooperation with the Geological
Survey of Israel defined boundaries of seismogenic zones. To characterize each zone,
seismicity parameters for the frequency-magnitude relationship (Gutenberg-Richter
relation) and equation of ground motion attenuation were evaluated in the
Seismology Division. On the base of these data, new Seismic Hazard Map for the
return period of 475 years was constructed. In 2005, by request of Israel National
Roads Company (MAAZ) to Seismology Division three new Seismic Hazard maps
for the return periods of 125, 975 and 2475 years were computed. These maps were
computed for generic rock with step 0.02 degree (2.2 km) grid spacing in latitude and
longitude for the entire country. Points of the grid were converted from geographical
coordinates (latitude, longitude) into coordinates of Israel TM Grid (X, Y). These
gridded PGA data (total number of 20301 points) were calculated using standard
methodology for seismic hazard analysis.

For the Seismic Hazard Maps a new friendly Graphic User Interface (GUI)
under supervisor Window Internet Explorer was developed, in which were
implemented such operations as viewing graphical files of Maps, Excel tables of
gridded data and 2D-interpolation for any input point within table of PGA values
using weight coefficients method. GUI was realized as software package, which
consist of set of batch files, HTML scripts and MATLAB executable programs.



APPLICATION OF NEW DEVELOPED LOCATION ALGORITHMS
TO GROUND TRUTH DATA

Pinsky, V., Gitterman, Y., Hofstetter, A. and Polozov, A.

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

Large-scale calibration in-land explosions of different design were conducted
in the last years in Israel and Jordan, under close collaboration of national
seismological institutions. The experiments were realized in the context of the CTBT
monitoring in the Middle East region, and aimed to improve the velocity models for
calculating travel times to regional and IMS stations; to extend Ground Truth (GTO0)
database; to observe and quantify dynamic features of the seismic sources and
elaborate scaling laws.

Obtained network and array observations were used for joint location analysis
of the explosions, based on up-to-date algorithms and software developed in GII and
Ground Truth parameters.

The experiments contributed to the study of explosion source phenomenology
in specific geological settings and understanding main features of seismic energy
generation from point-like sources, and thus improvement of classification of seismic
events, the crucial issue of nuclear monitoring. Usually earthquakes and explosions
are located by Least Squares or (weighted Least Squares) method, fitting travel times
of a signal first arrivals observed to the model ones, whilst the model is given by a 1D
Earth gradient or stratified velocity structure. In many cases this imposing of the fixed
model yields large hypocenter deviations, due to the large travel time error. For
achieving better accuracy, complicated 3D Earth velocity models are introduced
requiring for validation ground truth information (e.g,, Rizwoller et al, 2003). Yet, this
information is apparently rare and sparse for many regions on the Earth. Besides, this
doesn’t help much when outliers are due to wrong phase pickings i.e. arrival time
error. In this study influence of heterogeneity and picking error is reduced by
implementation of “robust estimates of location” techniques (Andrews et al, 1972,
Jeffreys, 1962, Anderson, 1982), the so-called M-estlmates (Huber, 1972). These
techniques automatically discounts random outliers and highlights consolidated
correct observations by summation of appropriate functions of residuals (bell-
shaped) and solving appropriate non-linear Least-Squares equations. In the study
several most promising M-estimates are investigated based on first Pn, Pg arrival
times, observed at seismic stations of a global network and on differences of the
arrival times, observed at the pairs of stations.
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ECOSYSTEMS OF THE CENTRAL NEGEV OVER THE
HOLOCENE

Plakht, J.1, Rosen, S.2, Savinetsky, A.3, Babenko, A.3, Kiseleva,
N.3 and I<hassanov, B3

1. Ben-Gurion University, Blaustein Institute for Desert Research,
Ramon Science Center, P.O.Box 194, Mizpe Ramon, 80600

2. Department of Bible, Archaeology and Ancient Near East, Ben-
Gurion University, Beer Sheva, 84105

3. Severtsov's Institute of Ecology and Evolution, Russian Academy of
Sciences, Laboratory of Historical Ecology, Moscow, Russia

The research field of the study is a general changing trend in desert ecosystems
during the Holocene in the Negev Desert, Israel. The sedimentation in this period
was limited as a result of the predominant erosion and thus, standard geological
techniques for detailed environmental reconstruction are less efficacious. Zoogenic-
clastic deposits in karstic caves and rock shelters preserve important environmental
and sedimentary archives barely tapped for environmental study. Mammals and
birds enter such places either as regular inhabitants or visitors from generation to
generation for hundreds and thousands years, causing the formation of zoogenic
deposits alternating with aeolian layers. Shepherds shelter flocks of sheep and goat in
these sites, resulting in dense accumulations of dung. The study of these materials
provides an opportunity to reconstruct a detailed history of Negev ecosystems.
Research on the ecological history of the Negev Highlands in the Holocene based on
wide complex of laboratory analyses from rock shelters has resulted in data and
conclusions in two realms: environmental history and archaeology.

L. Environmental sequences were reconstructed from sampling columns from
eight rock shelters dated by radiocarbon, spanning the period from approximately
8000 BCE to the present. Proxy data analyzed included pollen, phytoliths, diatoms,
and lithology. Two primary conclusions can be drawn from this data:

The entire record of the Holocene in the Negev Highlands is marked by a
fundamentally arid climate.

Within this arid climate, fluctuations in rainfall regime have effected changes in
vegetation patterns in different periods.

II. Archaeologically the rock shelters show deep deposits, up to 1.6 m, of
layered dung, primarily from domestic sheep and goat. The density and compaction
of the dung indicates that the animals were herded into the rock shelters, and thus
reflect pastoral presence. Thus, a calibrated radiocarbon date of ca. 6000 BCE
constitutes the earliest direct evidence for the penetration of domestic herd animals
and pastoralism into the Central Negev. Other dates provide evidence of pastoral
presence in periods for which tribal presence is unknown, providing a new vantage
point from which to view desert settlement systems.
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ESTIMATING THE JOINTS PATTERN IN UNDERGROUND ROCK
MASS USING JOINTS PROPERTIES FROM THE SURFACE

Polishook, B.
D.U.Y.Y. Tunnels, Hahorsha 17 st. Ra’anana 43613

When using different empirical methods for determine quality of rock mass for
tunneling, one should estimate the joints pattern. Usually, the ability to measure the
joints in the rock mass of the tunnel is very limited, because a direct measure of the
joints is impossible. The joints pattern is characterized by the joints’ direction and
density. The direction is a product of the stress field that acts on the forming rock
mass. The joints density is affected by different properties with an influence that is
difficult to scale. These properties are the depth of the rock mass, the lithological
composition and the width of the layers in the rock mass.

In many researches that were performed on different rocks, but not on chalk, it
was determined that the character of the underground joints pattern could be
estimate by the surface’s database. For chalk, the character of the joints pattern is
different from other rocks, so this kind of rock mass should be checked particularly.

The paper’s goal is to compare between the system of joints on the surface and
that in the Chalk rock mass in the underground. In addition, another goal is to
establish tools so the underground system could be defined from the surface
database.

In three different sites of tunnels, joints systems were measured on the surface
and in the underground. The sites are the Ein-Ziq tunnel, the Givat-Shemen tunnel
and the Mesilat-Zion tunnel. All the tunnels were mined in Eocene chalk rock mass.
The surface is built from different rock mass: limestone, chalk and conglomerate. By
the measurements on the surface some joints sets were defined. In two of the tunnels,
the joints sets that were defined in the underground chalk rock mass were equal to
the joints sets on the surface.

From the measurements, the following conclusions can be deduced:

1. In chalk rock mass the joints pattern in the underground can be different
from the joints pattern on the surface.

2. When using surface data, one should perform quality checks to verify the
assumption that joints patterns on the surface are similar to the pattern in the
underground.
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PRESENTATION OF NEW PROCESSING PC-SOFTWARE JSEIS
Polozov, A. and Pinsky, V.

Sei%nc())l(c))gy Division, Geophysical Institute of Israel, P.O. Box 182, Lod,
1

The new interactive software for seismic data processing and Joint RDBMS
was discussed manipulation having the following features:

a) Working for different system platforms (JAVA computer emulation) and
different seismic data formats (SAC, GSE, SEED, MiniSEED, CSS, dta, etc)

b) Including flexible automatic and interactive modes with user friendly
interface

¢) Including such new tools of seismic data processing, as automatic picking of
P and S phases and automatic location of seismic events

d) Open for further development.

The package passed first stage of exploitation tests as compared to the
standard “seis” routine, where it showed stable performance results. The exploitation
test included routine analysis of current and historical seismic events performed by
the seismology division analysts during several months. The tests helped to provide
essential program improvement and create a series of new flexible tools useful for the
analytical process.

We continue development of a new algorithm for array data processing,
providing robust estimations of event azimuth and apparent velocity.

We have developed a class of algorithm for event location by a network
without using velocity model. The Arrival Order Location was upgraded during this
research.
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EVIDENCE FOR EARLY ACHEULIAN CAVE OCCUPATION
REVEALED BY THE MAGNETOSTRATIGRAPHY AND
COSMOGENIC AGE MEASUREMENT OF WONDERWERK CAVE,
NORTHERN CAPE, SOUTH AFRICA

Ron, H.1, Matmon, A.l, Beaumont, P.2, Chazan, M.3, Porat, N.4
and Horwitz, L.K.5

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

McGregor Museum, PO Box 316, Kimberley 8300, South Africa
Department of Anthropology, Universigr of Toronto, 100 George
Street, Toronto, Ontario M5S IA1, Canada

Geological Survey of Israel, 30 Malkhe Israel Street, Jerusalem 95501
Department of Evolution, Systematics and Ecology, The Hebrew
University, Jerusalem, 91004
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This abstract summarizes our first attempts to establish a
ma, etostratigramhic sequence for Acheulian levels in Wonderwerk cave,
eastern flank of the dolomitic Kuruman Hills of the Northern Cape Province of
South Africa. For this purpose we collected 39 oriented samples spread
throu%lout a 2.3 m section, at intervals of 10 to 20 cm, with two samples from
each stratigraphic level.

For the creation of the magnetostratigraphy presented here we have used
only the reliable results.

The lowermost 0.4 m (equivalent to archaeological strata 12a-c) displays
reliable normal polarity. It is overlain by at least 0.7 m of clear reverse (ﬁ)o arity
(archaeolo%ical stratum 11). The top 1 m (archaeological strata 8a to 10b) is of
normal polarity. However, one of a pair of samples taken from a’ level
al_;‘)proximately midway in this 1 m, shows a clear reverse magnetization while
the second shows a possible reverse with a very strong normal overprint. To
verify this possible reverse level, more sampling is needed.

Our results to date can be interpreted in"two ways; with or without this
questionable reverse:

A conservative interpretation of N>R>N:

. According to this interpretation the lower N is the Jaramillo subchron
within the Matuyama reverse (R) chron and the top N is the Brunhes normal
chron. The upper R>N is therefore the Brunhes-Matuyama transition but not
necessarily its boundary (0.78 Ma). The base of the section according to this
interpretation is ~ 1 Ma.

A more equivocal interpretation of N>R>N>R>N:

According to the alternative interpretation, the lower N is the top
Olduvai subchron and the R>N>R represents the Matuyama reverse chron, and
the upper normal is the Brunhes. In this case the base of the section is ~1.8 Ma.

n order to resolve between the two interpretations we conducted a two
isotope burial age determination. A sample collected from the bottom of the
sequence yielded a 22Al/10Be ratio equivalent to an age of 2.0+0.3 Ma, favoring
the later age interpretation.

Both interpretations show that the Acheulian occupation in Wonderwerk
Cave is of great antiquity and one of the oldest intentional cave occupations in
the world. If the base of the site is ~ 1.8 Ma, this would make it coeval with the
oldest Acheulian material from South Africa (Sterkfontain 1.7-1.4 Ma) and the
earliest securely dated East African Acheulian site (Konso-Gardula 1.9-1.3 Ma).

102 !



THE,STRATIGRAPHY AND PALEOGEOGRAPHY OF THE BET
SHE’AN VALLEY TUFA PLATEAU

Rozenbaum, A.G.1,2, Zilberman, E.1, Bar Matthews, M.1,
Ayalon, A 1and Agnon, A.2

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501.
2. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

Tufa deposits build a sedimentary plateau some 9 km long and 1-3 km wide,
which extends in the Bet She’an Valley (BSV), between Sede Terumot in the south
and Nahal Harod in the north. A tufa sequence about 40 m thick is exposed along the
tectonic escarpment that separates between the Bet She’an and Jordan valleys. An
additional 30 m of tufa was encountered in drillholes. Most of the tufa sequence
accumulated during the late Pleistocene, between 70 and 19 ka, a time period similar
to the existence of Lisan Lake. This unit is the only stratigraphic marker that provides
information on the time and amount of young tectonic displacement in the BSV.

The tufa sequence was measured and sampled in several exposures, and the
various facies were studied in order to reconstruct the paleogeographic setting and
depositional environments. Selected sections of tufa were dated using the MC-ICP-
MS Z*U*°/Th method.

Three successive stages of tufa deposition were identified: The first stage is
dominated by perched spring-line environments distinguished by thick
autochthonous facies in the proximal zone and a thick massive microdetrital tufa in
the distal zone. This stage lasted between ~70 ka and 61 ka.

The second stage presents a mixture of perched spring-line and braided
fluviatile environments. This sequence is characterized by an allochthonous facies,
containing imbricated clast-supported fluvial sediments and an allochthonous facies
with sporadic layers of microdetrital tufa facies. Most of the ages of this stage range
between 48 ka and 39 ka, but a few older ages, which probably represent reworked
older tufa, were also found.

Chalk and marl containing abundant allochems were deposited during the
third stage in a shallow water fluvial plain dominated by a mixture of paludal and
braided fluviatile environments. Long periods of shallow water environments in the
floodplain were interrupted by sporadic events of energetic ephemeral streams that
introduced the clastic allochems into this facies. This stage lasted from ~ 22.5 to 19.3
ka.

The characteristics of the tufa plateau and its age interval suggest that it was
deposited along a wide floodplain belt of east-flowing shallow waters springs, which
drained to a lake, located in the Jordan Valley. These amalgamated fluvial systems
were dominated by low energy environments, which were interrupted by periods of
more energetic floods. The accumulation of a thick sub-horizontal sequence can be
attributed to a slow subsidence of the BSV or a gradual rise of the lake level.
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SEISMICITY AND SUBSURFACE GEOLOGY (ARAVA VALLEY
CASE STUDY)

I_lybakov, M., ten Brink, U.2, Al-Zoubi, A.3, Kraeva, N.1 and
fstetter, A

1. Geophy51cal Institute of Israel, 6 Habaal Shem Tov, Lod, 71100

2. U.S. Geological Survey, 384 Woods Hole Rd., Woods Hole, MA 02543
United States

3. Al-Balga Applied University, Al-Salt, Al-Salt, 19117, Jordan

The spatial distribution of earthquakes in the Arava Valley, a 150-km-section of
the Dead Sea Transform, is compared with the local subsurface geological features
derived from geophysical and geological data. Gravity data suggested that the
Gharandal, Timna and Elat Basins are filled by low-density young sediments. These
features were confirmed by seismic reflection profiles and high resolution low
altitude aeromagnetic (HRAM) survey. The HRAM survey delineated the trace of the
Dead Sea Transform in this region, which separates magnetic anomalies in the
eastern and western parts of the valley, and revealed the occurrence of the hitherto
unknown deep magmatics. Overall the earthquake activity appears to be strongly
related to the Dead Sea Transform. However, on a local scale, there is no apparent
correlation between the seismicity and the fault segments comprising the DST fault
system. Absence of the correlation may be explained as result of insufficient accuracy
(about of 4 km) of the earthquake localization and/or inclined fault plane. However,
in spite of such inaccuracy, there is clearly observed that clusters of the earthquakes
coincide with the sedimentary basins. Two pronounced clusters appear to coincide
with the subsurface magmatics. We assume that the subsurface geology affects areas
of stress concentration and hence of earthquakes. These areas can be the end of faults,
or fault jogs, which sometimes create basins, or areas of heterogeneous rheology, such
as in the vicinity of magmatic bodies.

104 g



NORTHERN ISRAEL CONTINENTAL MARGIN: HIGH
RESOLUTION BATHYMETRY AND BACKSCATTER FROM
MULTIBEAM SONAR

Sade, A. R}, Hall, J. K.}, Golan, A.2, Amit, G.2, Gur-Arieh, L.2
and ’f'l“ibor, G2

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

2. Israel %ceanographic & Limnological Research Ltd. Tel Shikmona,
Haifa, 31080

3. Survey of Israel, 1 Lincoln Street, Tel Aviv, 65220

Since 2001 the National Bathymetric Survey (NBS) has mapped some 40% of
the Israel Mediterranean offshore. This talk will describe the results for the recently
completed northern third of the offshore, which will be the subject of the first author’s
MA thesis. Despite the fact that previous hydrographic and geophysical surveys
revealed the gross morphology and major features, the new results, with at least three
orders of magnitude improvement in resolution, show in exquisite detail many
unknown characteristics of the shelf and slope.

The area presented here covers over 700 km?, extending from depths of 6 to
about 850 m. The Kongsberg-Simrad EM1002 system has 111 beams. On the shelf it
can adequately populate a 2 m grid, or 510 m on the deep slope. The system also
measures the acoustic backscatter for each seafloor element mapped, giving an
indication of bottom roughness and composition.

The newly observed features appear to be primarily related to: neotectonics
and changes in Mediterranean sea level.

Neo-tectonic elements: The Carmel-Yagur Fault crosses the area from WNW to
ESE. Although no direct fault trace is observed, its seaward extension marks the
corners of three platform elements off the Carmel cape, as well as appearing as a
ramp-like protrusion from the shelf-break which marks a change in character from
the bigger canyons on the north to more closely spaced and steeper ones in the south.
On the shelf, just north of the projected fault, there is an area of ~5.5 km? in which the
seafloor resembles a brittle sheet which has been shattered. It lies directly above an
earthquake epicenter on the map of potentially active faults of Bartov et al. (2000). At
least 100 ‘bulls-eyes” are seen in the backscatter, populating an arc opening out to sea
north of the fault. These ‘bullseyes’ are 30-100 m in diameter, and the lighter
backscatter indicates a harder or rougher surface. On the shelf they appear as positive
features up to 1.5 m high enclosing a shallow crater. North of Akko, several E-W
trending fractures are observed, possibly extensions of faults on land. Their down-
thrown sides face the Zevulun Graben which forms Haifa Bay.

Lowered sea levels: The shelf morphology reflects lower stands in the past.
Inshore there are numerous coast-parallel kurkar ridges. These are cut by paleo-river
channels off the present-day rivers. Meanders of the Kishon channel, as well as other
minor trends and offsets, may be structurally controlled. A number of platform-like
features, three of which bear dune-like bedforms, are found on the shelf. The
prominent Haifa Nose with its Shikmona, HaTishbi, and Navy terraces shunts Nile-
derived quartz sands out into deep water. Other interesting channels, grooves, and
depressions are observed off Cape Carmel, and in deeper waters.
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TRANSFORM ORIGIN OF THE NORTHERN LEVANT
CONTINENTAL MARGIN, EASTERN MEDITERRANEAN

Schattner, U. and Ben-Avraham, Z.

Department of Geophysics and Planetary Sciences, Tel Aviv University,
el Aviv, 69978

The Levant continental margin, offshore Israel, Lebanon and Syria, is usually
defined as a passive margin that was formed through rifting processes. During the
formation two major continental fragments are assumed to separate from the
northern edge of the Afro-Arabian plate to form the Levant basin: the Tauride and
Eratosthenes blocks. Today an oceanic crust is present between the Levant margin
and Eratosthenes Seamount. Studies of the continental margin suggested that the
southern Levant segment (south of the Carmel Structure) was formed through
continental rifting processes. In contrast, the northern segment, from the Carmel
structure northwards and offshore southern Lebanon, was hardly studied. This area,
which is a key for understanding the tectonic history of the Eastern Mediterranean, is
the focus of the present study.

Investigation of the northern Levant continental margin was carried out in two
scales: (1) Analysis of the crustal structure of the continental-oceanic transition - based
on seismic refraction and magnetic data. These data, which were collected along the
Levant margin in previous studies, were analyzed and compared with 42 other
continental margins in the world; and (2) Analysis of recent tectonic deformations in
the upper crust was based on interpretation of a dense network of multi and single
channel seismic reflecon profiles in the northeastern corner of the eastern
Mediterranean basin - offshore northern Israel, Lebanon, Syria, and along the
Cyprean arc (5000 km of ship-track). Re-evaluation of geological data onland was also
carried out in order to obtain a regional perspective.

Our results show structural resemblance between the southern Levant
segment and other rift margins. In contrast, the northern segment shows a strong
similarity to classical transform margins. In view of the new classification of the
northern Levant margin a modified scenario is suggested for: (a) the initial stages in
which the Levant margin was formed; and (b) the present day structural differences
between the two segments of the margin.
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TECTONIC ISOLATION OF THE LEVANT BASIN OFFSHORE
GALILEE-LEBANON - EFFECTS OF THE DEAD SEA FAULT ON
THE STRUCTURE OF THE CONTINENTAL MARGIN

%cglattner, U.1, Ben-Avraham, Z.1, Lazar, M.! and Hiiebscher,

1. Department of Geophysics and Planetary Sciences, Tel Aviv
University, Tel Aviv, 69978
2. Institute of Geophysics, University of Hamburg, Germany

The continental margin of the central Levant, offshore northern Israel and
southern Lebanon is characterized by a sharp continental-oceanic crustal transition,
exhibited on the bathymetry as a steep continental slope. At the base of the slope a
narrow zone of faulting deforms the upper Messinian-recent sedimentary sequence.
Tectonic comparison of the patterns exhibited on both sides of the margin shows a
different picture - onland a restraining bend along the Dead Sea fault plate boundary
results in extensive deformation and the formation of the Lebanon and anti-Lebanon
mountain ranges. However, further into the basin, west of the continental slope, no
major deformations are observed.

A dense network of multichannel and single-channel seismic profiles,
covering 5000 km of ship-track offshore northern Israel and southern Lebanon, was
analyzed for the purpose of characterizing the continental margin. Additional seismic
surveys covering the area between the Levant margin and the Cyprean Arc were
examined. Data were then incorporated with magnetic, gravity and earthquake
measurements to reveal the deep crustal structure of the area and integrated with
bathymetry data to describe the behavior of the young sedimentary basin fill.

Results indicate that the Levant basin, offshore northern Israel and southern
Lebanon (up to Beirut) is more-or-less unaffected by the intense tectonic deformation
occurring onland. The transition between the deformed area onland and the
undeformed Levant Basin occurs along the base of the continental slope. Along the
base, the upper Messinian-recent sedimentary sequence is cut by two sets of faults: (1)
shallow growth faults resulting from salt tectonics; and (2) high angle faults, marking
the surface expression of a deeper crustal discontinuity - the marine extension of the
Carmel fault zone.

The central Levant continental margin is being reactivated by transpressional
faulting of the marine continuation of the Carmel fault, at the base of the continental
slope. This fault system coincides with the sharp continental-oceanic crustal
transition, and acts as an isolator between the Levant Basin and its land counterpart.
To the north, this feature may initiate the formation of a new triple junction, with the
eastern Cyprean Arc (Latakia Ridge) and the East Anatolian fault.
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TOTAL ORGANIC CARBON AND ITS ISOTOPIC COMPOSITION
AS INDICATORS OF CLIMATE AND ENVIRONMENTAL
CONDITIONS DURING THE LAST 90 KYR IN THE NE AND SE
MEDITERRANEAN SEA

Schilman, B.1, Ayalon, A}, Bar-Matthews, M.}, Almogi-Labin,
A1, Kolosovsky, A.2, éhrlki, D.land Avnaim-f(atav, §.3
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3. Dept. of Maritime Civilizations & The Recanati Inst. for Maritime
Studies, Univ. of Haifa, Haifa 31905

High-resolution records of total organic carbon (TOC) and its isotopic
composition (0BCog) were measured in cores MDVAL 9501 (980 m depth) from
the NE Levantine Basin and MDVAL 9509 (884 m depth) from the SE Levantine
Basin, located at the distal part of the Nile delta, in order to examine the role of
the Nile River throughout the Levantine Basin. The time control used in this
study is based on the 080 stratigraphy for the last ~90 kyr that was already
established using the planktonic foraminifera Globigerinoides ruber and
correlated with the well-dated (U-Th) speleothem records of the Soreq Cave.
The TOC values are continuously 2-3 times higher (0.6-0.9%wt) in the SE
Levantine Basin compared with the NE basin (0.2-0.3%wt), indicating a strong
link between Nile River discharge and primary production in the distal parts of
the Nile delta. During sapropel events acffy early Holocene (S1) and last
interglacial QS3), TOC content is significantly higher all over the Levantine Basin
with 1.2-1.3%wt in the northeast and up to 1.7%wt in the southeast Levant.
During post sapropel S1, it seems that the TOC content determines the
characteristics of the benthic foraminiferal assemblages. In the north, the
ollzportunist dominant species reflect oligotrophy and the southern basin is
characterized by species that indicate mesotrophic conditions.

The OBC,y values are different in the SE and NE basins, although in both
basins they reflect marine source. In the north, the values range between -20%o
and -30%o bein silgnjﬁcantly lower compared with the south (-15%o to -22%o).
In the north, the low 03Cg, values are nearly stable throughout the entire
marine isotope stage (MIS 3). In the Nilotic province, the highest values are
during the I\/ES 3, and decrease considerably during S3 and S1 sapropel events.
Based on 08C,g values complemented with indeé)endent organic geochemistry
analysis of organic compounds that differentiate between marine and terrestrial
sources, it seems that the fluctuations in 0%3C,g values in the Levantine Basin
reflect mainly a strong fractionation in the marine phytoplankton rather than
different sources.

The differences in TOC and 083C,y values between the north and south
Levant reflect a strong N-S partition in climatic and environmental conditions,
indicating a significant and continuous contribution of the Nile River to the
southern basin. At the same time, the northeastern basin seems to reflect a
climate regime influenced mainly by the Mediterranean -North Atlantic
system.
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WHERE IS THE SOUTHEASTERN CONTINUATION OF THE
CARMEL FAULT? GEOLOGICAL CONSIDERATIONS

Segev, A.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The Carmel fault system is a major crustal fracture zone which consists of
several segments. The validity of some segments is widely accepted, while others are
still controversial. The highly morphologically elevated segment from Haifa to
Yogne'am is commonly called the Carmel fault (previously Yagur fault). From Haifa
to the Amaqgim Junction this segment strikes southeastward and from there
southward to Yoqne’am. In many studies the continuation from Yogne’am toward
the SE has been delineated toward Wadi Faria through Jenin, and named the Carmel-
Tirza or Carmel-Faria fault system. According to the structural map of top Judea
(Fleischer and Gafsou, 2003), the vertical displacement on the Carmel fault near Haifa
is ~1,500 m, but near Jenin it is only from ~300 m down to zero. According to the
geological map of Sneh et al. (1998), the fault is absent northeast of the Umm el Fahm
anticline and in the region covered by the Eocene outcrops. Moreover, the vertical
displacement on the NW striking fault of Wadi Faria is only 200-300 m.

Following recent studies and re-examination of existing data, it is suggested
that the Gilboa fault is the SE continuation of the Carmel fault towards its merging
with the Dead Sea transform marginal faults. The vertical displacement on the Gilboa
fault is ~1,400 m, similar to that on the Carmel fault. Previous interpretations held
that the Gilboa fault was terminated by the Gideon fault, which strikes to the NE
across the Yizreel Valley.

During recent geological mapping of the central Mt Carmel area, a major fault
intersection was found on the eastern foothills of the Mt Muhraga horst. There, a
major NW striking fault coming from the central Yizreel Valley, follows the inferred
continuation of the Gilboa fault, and meets the N-S segment of the Carmel fault, as
well as several others. A major fracture belt, more than 10 km wide, continues from
this fault intersection, cutting across Mt Carmel and its coastal plain, and striking
generally toward the NW.
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EVIDENCE FOR NW EXTENSION OF THE GILBOA FAULT
UNDER THE YIZREEL VALLEY: PRELIMINARY SEISMIC AND
POTENTIAL FIELD REINTERPRETATION

Segev, A1, Reznikov, M.2 and Rybakov, M.3

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501
2. ECOLOG En]g;neering Ltd, 5/44 Opgenheimer St., Rehovot, 76701
3. Geophysical Institute of Israel, P.O. Box 182, Lod, 71100

The Gilboa fault borders Mount Gilboa on its NW side and its maximum
vertical displacement is ~1,400 m. It was described by Flexer (1959) and studied by
Hatzor (1988). Toward the NW it disappears below a thick alluvial fill of the Yizreel
Valley. Shaliv (1991) pointed to the possibility that it continues further to the NW, but
the common view is that this fault splits into two branches which are terminated by
the Gidon fault. Updated geological evidence from Mount Carmel and the Ramot
Menashe area (Segev, this volume) enables identifying and delineating a prominent
fault system within the Yizreel Valley, generally striking toward the NW, suggesting
it is the NW extension of the Gilboa fault.

Accessible deep and high resolution shallow seismic data are used, as well as
gravity and magnetic data, to reexamine the expression of this newly suggested
major faulting in the subsurface of the Yizreel Valley. These geophysical data will
enable us to outline the main and minor subsurface fault systems, to obtain structural
blocks and to possibly define time relations between fracture systems and volcanic
features.

A grid of various available seismic lines was chosen. Part of the lines were re-
processed and re-interpreted and provided information to a depth of about 3 km.
These lines were used as a basis for the seismic interpretation and enabled identifying
an extensive fault zone striking northwest. These seismic lines are coupled with other
high resolution shallow seismic lines in the area to provide maximum possible
resolution for the entire succession studied.

Our preliminary seismic and gravity results positively indicate the
continuation of the Gilboa fault system toward the NW, across the central part of the
Yizreel Valley, up to its meeting with the N-S segment of the Carmel fault at the
eastern foothills of Mount Muhraqa.
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ﬁ MAJOR METAMORPHIC PROBLEM IN THE VENEZUELAN
NDES

Shagam, R.! and Grauch, R.1.2

1. Department of Geological and Environmental Sciences, Ben-Gurion
University of the Negev, POB 653, Beer-Sheva, 84105
2. USGS, Box 25046, Denver Federal Center, Denver, CO, 80225, U.S.A.

Four metamorphic rock units were identified in the central Venezuelan Andes.
Based on relative stratigraphic setting and degree of metamorphism and
deformation, the four units were viewed as separated by unconformities. This
suggested a tectonic history of multiple superimposed progenies.

Later, it appeared that the youngest unit (illitic slates which yielded Permo-
Carboniferous faunas) graded down into chlorite-muscovite greenschists of the
second rock unit thereby eliminating one unconformity. In turn the greenschists were
found to grade down into a staurolite zone enclosing the alumosilicate triple point.
This eliminated a second unconformity.

Then gradational transition from the staurolitic rocks into basal interlayered
alumosilicate and hornblendic schists/gneisses at amphibolite grade (and believed
Precambrian age), was found. This implied elimination of the third unconformity and
led to the inference that the entire metamorphic sequence represented a single
orogenic event of late Paleozoic age.

A Precambrian (~620Ma old) granitic gneiss intrusive into the basal
metamorphic unit indicates there has to be an unconformity, as yet undetected,
within the amphibolite grade rocks separating Paleozoic metamorphics from older,
Precambrian, metamorphics.

The slate unit was originally 11 km thick based on illite crystallinity studies.
Based on map thickness the underlying greenschists are about 1-2 km thick, the
staurolite zone about 1 km and the amphibolite-grade part of the sequence some
unknown thickness, probably exceeding 1 km, for a total thickness of ~15 km.
Numerous geopetals, especially in the slate and staurolite units, indicate that the
sequence is in normal orientation. Also, isograds are stratigraphy-parallel (within a
few degrees). This suggests that these rocks may represent burial metamorphism on
the grand scale.

A geothermal gradient of ~37-40°/km was calculated based on such
geothermometers as illite crystallinity of the slates and vitrinite reflectance of
anthracite in the slates, and the alumosilicate triple point in the staurolite zone. Now
it appears that the estimate of 400°C for the anthracite was excessive; a more realistic
value is ~270°C. This resulted in a far gentler geothermal gradient of ~27°C/km
through the slates and greenschists, and consequently a marked discordance of such
a gradient with the alumosilicate point on the scale.

This does not accord with the hypothesis of a burial metamorphic sequence up
to and including the slates. But there is no clear indication of a regional hiatus
between slates and underlying units. Complete review of the metamorphic sequence
and especially the nature of the contacts between units is indicated.

The Tertiary Maracaibo basin may be an active model of late Paleozoic burial
metamorphism based on similarities in nature and thickness of the sedimentary pile
and geothermal gradient. Could western Venezuela be especially susceptible to burial

metamorphism?
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MONITORING VERTICAL MOVEMENTS IN MOUNT CARMEL
Shahar, L. and Even-Tzur, G.

Department of Civil and Environmental Engineering, Technion - Israel
Institute of Technology, Haifa, 32000

The Carmel fault is one of the major geological structures in northern Israel,
characterized by intense, continuous and potentially hazardous seismic activity.
Recent studies have implied both horizontal and vertical movement along the Carmel
Fault. This study presents the results of three measurement campaigns of a levelling
line across the Carmel Mountain through the Carmel fault towards Tivon Hills and
the Lower Galilee, in the period 1987-2003.

Two models are used to analyze the observed deformation: a linear and a
quadratic model. Our results show significant uplift of the Carmel Mountain range
between the year 1987 to 1992 and moderate subsidence between the years 1992 to
2003. The acceleration along the levelling line is also given.

Our results also show high vertical deformation in the western slopes of the
Carmel Mountain, in contradiction to the low seismicity of this area. These results
must be confirmed by additional periodic levelling surveys and other geodetic
results.
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ZINC AVAILABILITY AND ALKALINE PHOSPHATASE ACTIVITY
IN EMILIANIA HUXLEYI: IMPLICATIONS FOR ZN-P CO-
LIMITATION IN THE OCEAN

Shaked, Y.123, Xu, Y.4, Leblanc, K.5 and Morel, FM.M.3

1. The Interuniversity Institute for Marine Sciences, Filat, 88103

2. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904

3. Department of Geosciences, Princeton University, Princeton, New
Jersey, 08544, U.S.A

4. Department of Ecology and Evolutionary Biology, Princeton
University, Princeton, New Jersey 08544, U.S.A.

5. College of Marine Studies, University of Delaware, 700 Pilottown
Road. Lewes, Delaware 19958, U.S.A.

Zinc (Zn) serves as a co-factor in several extracellular phosphatases, which
allow microorganisms to acquire phosphorus from organic P compounds. In
oligotrophic ocean water, where both phosphate and Zn concentrations are low,
orthophosphate regeneration through enzymatic hydrolysis of organic compounds
may be restricted by Zn availability. We examined the possibility of co-limitation by P
and Zn in batch cultures of the coccolithophore Emiliania huxleyi grown at very low
biomass. Both growth rates and extracellular phosphatase activity were inhibited by
low Zn. Cultures grown at nanomolar P and subpicomolar unchelated Zn
concentrations had higher phosphatase activity and slower growth rates when grown
on organic-P than when grown on inorganic-P. We calculated that the additional Zn
demand for phosphatase activity in the culture with organic P amounted to 16% of
the cellular Zn quota. This percentage would be lower at higher organic P
concentrations. Extrapolating from our data, we surmise that Zn-P co-limitation may
prevail in highly oligotrophic systems such as the Sargasso Sea, but is not likely to be
widespread in the ocean. Nonetheless, the observation of a significant enhancement
of extracellular phosphatase activity in Zn-amended water samples from the Bering
Sea demonstrates the potential for Zn-P co-limitation during phytoplankton blooms.
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SALT DISSOLUTION AND SINKHOLE FORMATION ALONG
THE DEAD SEA SHORE

Shalev, E., Lyakhovsky, V. and Yechieli, Y.
Geological Survey of Israel, 30 Malkhe Israel, Jerusalem, 95501

The formation of sinkholes at the Dead Sea area reflects subsurface cavities
formed by salt dissolution. This dissolution is related to the recession of the Dead Sea;
the groundwater level and the fresh/saline water interface along the shore decline at
a similar rate to the rate of the Dead Sea recession, and brines that used to occupy
layers below this interface are flushed out by freshwater. Our finite element modeling
shows that dissolution of this salt layer is a plausible mechanism to explain the rapid
creation of subsurface holes that collapse and form sinkholes. The positive feedback
between the rate of flow, the rate of chemical reaction, and the change in permeability
accelerates the dissolution processes and might result in “reactive infiltration
instability” which is manifested in “fingers” of cavities, into which fluid is channeled,
and salt is dissolved. The spacing between the sinkholes and the rate of their creation
is controlled by several factors including: properties of lineaments/faults, incoming
groundwater flux, the salinity of the incoming groundwater, the rate of dissolution,
the effective specific surface area, the permeability of the salt and clay layers, the
permeability-porosity relation, the dispersivity, and the thickness of the layers. We
show that the creation of sinkholes occurs only under specific conditions. These
conditions must cause an unstable dissolution front which then causes formation of
cavities and eventually sinkholes. The simulations, which utilized the best estimated
parameters of the studied area, yield results that are similar to those exhibited in the
field.



ACTIVE FAULT STRUCTURE OF THE CARMEL FAULT SYSTEM
BASED ON EPICENTER RELATIVE LOCATION

Shamir, G. and Baer, G.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

The Carmel-Tirza fault system forms the most prominent seismogenic zone
and is associated with the highest potential ground accelerations outside the Dead
Sea Transform zone in Israel. Previous studies indicated that it is composed of three
major segments, characterized by (i) A complex deformation zone of variable along-
strike widthy; (i) Deviation of the central segment (N-S) from the overall NW-SE trend
of the fault system; (iii) Along-strike variations of the sense of vertical fault motion. A
number of off-fault earthquake focal mechanisms, as well as geomorphological
considerations suggest that the young horizontal component of motion is sinistral,
while dextral motion was suggested based on geodetic data.

Based on the Israel earthquake catalog, the distribution of epicenters in the
Carmel seismogenic zone and its extension into the Mediterranean is apparently
diffuse, with the moderate activity taking place mostly north-east of the mapped fault
line. For example, the epicenter of the Aug. 1984, M|=5.3 event was located several
kilometers east of the mapped fault exposure. Considering the uncertainty involved
in the current epicenter distribution map, it is impossible to delineate the Carmel
active fault structure and, specifically, to assess the degree of localization of this fault
system. In order to characterize the seismotectonics of the Carmel fault system, we
analyze the earthquakes that occurred in this seismogenic zone since 1984. The
analysis includes completion of the earthquake catalog, epicenter relocation using a
standard search method and accurate relative location using the double difference
method. The latter minimizes residuals between observed and theoretical travel-time
differences for pairs of earthquakes at each station while linking all observed event-
station pairs. Using arrival time differences obtained by both direct observation and
cross-correlation enables the assessment of relative location of earthquake clusters as
well as their internal configuration.
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PREDICTING THE ACCELERATION RESPONSE SPECTRA FROM
EARTHQUAKES IN THE DEAD SEA FAULT SYSTEM

Shapira, A1, Perlman, N.2, Zaslavsky, Y.2and Avirav, V.1

1. International Seismological Centre, Thatcham, UK
2. Seismology Division, Geophysical Institute of Israel, P.O. Box 182,
Lod, 7110

In the last 10 years, the Geophysical Institute of Israel has launched a number
of projects to determine and map seismic site response characteristics across Israel.
These investigations are part of seismic hazard assessments to improve future
building design and are integrated into a newly developed scheme for estimating
earthquake losses. Lacking sufficient number of locally recorded strong ground
motions in Israel, our site specific earthquake hazard and risk estimations are based
on simulations of the regional seismic activity and on synthetic accelerograms,
implementing stochastic methods.

An earthquake of magnitude 5.1 occurred in the basin of the Dead Sea on Feb.
11, 2004 it was followed by Mw=4.7 earthquake on July 7, 2004. These events were
widely felt all over the Levant and triggered a number of strong motion instruments
in Israel. The acceleration recordings provided a good opportunity to compare
predicted seismic hazard functions with observations. Here, the seismic hazard
parameter is the acceleration response spectrum (the design base acceleration
spectrum) for a specific site.

The comparison between observed and predicted spectra of recorded ground
motions (accelerations) from the few available measurements made in Israel, show
good agreement and consequently, a relatively good agreement between the
observed and the predicted acceleration response spectra at different sites with
different geological characteristics.

The importance of these observations are further enhanced by showing that
implementation of empirical attenuation functions to predict spectral accelerations
developed from acceleration measurements in other countries may not be applicable
for many sites in Israel. Consequently, we raise concerns as to the applicability of
imported "site correction” values (in the form of correction factors as a function of the
average Vs velocity in the upper 30 m of the subsurface) to the modified Israeli Code
413.
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DETECTION OF SUBMARINE GROUNDWATER DISCHARGE
SGD) IN THE NORTHERN INNER SHELF OF ISRAEL BY
EMOTE SENSING AND GEOPHYSICS METHODS

Shapira, S.1, Tibor, G.2 and Ben-Avraham, Z.1

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

2. Israel Oceanographic and Limnological Research Ltd. Tel Shikmona,
Haifa 31080

Submarine Groundwater Discharge (SGD) is, in many places in the world, a
central cause for loss of water. Estimation of flow path and identification of the
springs in the sea are important for knowledge about water circle, identification of
new water sources, in order to follow the flow of pollution to the sea, for better
understanding of the shore environment and for better management of the aquifer.
Along the coast of Israel some springs of fresh water has been discovered adjacent to
the coastline, but such springs has not been discovered in the inner continental shelf
of Israel. Till now, the springs’ exploration has been done by geochemical methods or
by measurement of the water flow. The aim of this research is to locate springs of
fresh water in the northern continental shelf of Israel (Hadera to Rosh Haniqra) and
to estimate the flow paths from the aquifer to the sea, according the data of
morphological and tectonic features. The research includes building a Geographic
Information System (GIS) with all the relevant data, processing thermal satellite
images and conducting a bathymetric and shallow seismic survey in the suspected
areas.

Up to now, images from the Landsat ETM7 satellite (bands 6a, 6b) were
processed and the algorithm for Sea Surface Temperature (SST) was applied. The
areas, where the SST was higher than the surrounding temperature, were marked.
The cause of thermal anomaly can arise from two main reasons, different in the
groundwater temperature or because the fresh water that reach the surface are heated
or cooled faster then the salt water because of the differences in salinity. For example,
the areas off Atlit, the Carmel fault, Akko and Shavey Zion are suspected as areas of
springs. The high resolution bathymetric and seismic profiling survey will be carried
out over these areas. The aim of the shallow geophysical mapping is to locate
morphological and tectonic features that might enable the water discharge.

We expect to find submarine groundwater discharge in the winter, when the
groundwater level is high, especially in northern Israel, because there the karst
aquifer is closer to the sea. In this area there are also a few faults that continue from
land into the sea.

This research is financed with a grant from the Israeli Water Commission.
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ZINC METAL FROM A TOMB IN THE ANCIENT CEMETERY OF
KHIRBET QUMRAN ON THE DEAD SEA: ANCIENT CRAFT OR
CONTEMPORARY “FOIL SHTICK

Shimron, A.E., Segal, I. and Deutsch, Y.
Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

A sheet and fragments of corroded zinc metal were recovered from a tomb
during the 2001 excavations in the ancient cemetery of Qumran. The sheet of metal
was found at a depth of 1.20 m and the fragments at about 90 cm beneath the surface.
The excavating teams concluded that the zinc covered a wooden coffin which held an
important personage linked to the Essene settlement during the Roman period. The
find is potentially spectacular because of (1) the proximity of the caves where the
Dead Sea Scrolls were discovered and (2) because of the difficulty in smelting zinc the
metal is virtually unknown in antiquity with only one, the (6.5 by 4 cm in size)
Athenian Agora find, is reliably recorded. Lead coffins are known in the
Mediterranean region since the Late Roman period but zinc coffins have never been
found. The zincian material from tomb 978 is of two principal types:

Laminated zinc oxides: The fragments consist of a micro-laminated corroded
core ca.l mm thick, bordered by outer corrosion zones ca.0.5-1 mm thick but
reaching a thickness of up to 2.5 mm. Individual lamina are about 0.05 mm
thick and consist of zinc oxides and chlorides with the rare zinc chloride
simonkolleite {Zns (OH)s.Cl12.H20} comprising the chloridic phase. Maximum
Zn content in any lamina is up to 91% and chlorine content up to 12%.

Metallic zinc sheet: The zinc sheet is doubly folded and 64 by 40 cm in
(folded) size. The metal is malleable, silver white but coated with inner grey,
followed by outer whitish, ZnO and ZnCl corrosion products. The metallic core
is 0.3-0.6 mm and the corrosion layers up to 1.5 mm thick, for a total thickness
of the zinc sheet averaging 2mm. The metallic zinc contains up to 98.5% Zn, the
significant trace elements are lead (1.46%), cadmium (0.05%), copper (0.01%)
and iron (0.03%). High contents (up to 4% each) of antimony and indium occur
in some immiscible lead droplets in the zinc. Droplet morphology indicates that
the zinc sheet was hammered, however the grain fabric is well annealed and
thus the sheet was hot worked. Buried within corroded zinc is a sharply defined
microlayer rich in Ba (barite) and Ti+Ca (perovskite?), its layer morphology and
chemistry are indicative of modern, barite-based paint.

The zinc sheet was corroded in the Dead Sea region, later it was folded,
placed or replaced into the tomb, until discovery. Lead isotopes most
compatible to those of the Qumran zinc metal are from some lead-zinc mines in
Northeast Kazakhstan and the Amasia and Tufanbelyi mines in Anatolia. Both
imply ancient sources for the zinc ore.
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THE CONTRIBUTION OF THE CARMEL FAULT TO THE
ACCELERATION USED FOR SEISMIC ENGINEERING - AN
ANALYTICAL APPROACH.

Shiran, A. and Kessler N.

Building and Infrastructure Laboratory, Technion Institute of
Technology , Haifa

The Carmel fault runs through the Haifa bay. This area is densely populated
and includes important infrastructures and chemical industries. The degree of seismic
activity on the fault has direct influence on the design peak ground acceleration (PGA
or Z value from the SI 413) in the Haifa bay area.

The design peak ground acceleration in a site (on bedrock) for specific return
period is determined according to three major parameters: The active fault proximal
to the site, the distances to these faults to the site and the dispersion of energy from
the faults to the site.

In this project, we tried to analytically evaluate the contribution of the Carmel
fault to the ground acceleration in several sites in the Haifa bay.

First we evaluated the fault's contribution to the Gutenberg-Richter model that
used for calculating the SI 413 accelerations map. This was done by comparing the
models output with and without activity on the Carmel fault.

In the second stage, the seismic hazard was defined by a Characteristic
Earthquake Model. With this model, the influence of the characteristic return period
on the acceleration was quantitatively evaluated - assuming a characteristic
magnitude of Mw=6.5 for the Carmel fault.

The results of our calculations show that the Carmel Fault, as it is currently
defined in the 413 Israeli Standard, contributes about 50% of seismic hazard, in terms
of design peck ground acceleration, in the Haifa bay.




SUBSURFACE HYDROTHERMAL ACTIVITY IN THE KEREM-
MAHARAL VOLCANO DURING THE LOWER CENOMANIAN

Shoval, S.

Department of Natural Sciences, Geology Grou%J, The Open University
of Israel, 108 Ravutski Street, Raanana, 4310

The Kerem-Maharal Volcano, exposed in the Carmel area (Sass, 1980), erupted
on the continental shelf during the Lower Cenomanian. When the volcanic eruption
ended, the top of the volcano eroded and a Gastropod bioherm developed. Black
magmatic rock in the center of the eroded volcano represents the top of the volcanic
neck, while variegated tuff of the flanks represents the submarine volcanic cone.

The occurrence of Lower Cenomanian subsurface hydrothermal activity in the
Kerem-Maharal Volcano is documented by the argillization of the volcanic tuff, by
the formation of veins filled with gypsum and calcite, and by the silification in the
Gastropod bioherm strata. It seems that subsurface hydrothermal circulation of sea-
water solutions heated by the intrusion of the volcanic neck caused these phenomena.

The argillization of the volcanic tuff: It has been pointed out that argillization
of the variegated tuff took place during the submarine eruption. The reaction of the
hot tuff with open seawater leads to the formation of spilite. However, the
argillization probably continued as a result of the subsurface hydrothermal
circulation. The black magmatic rock of the volcanic neck was not in contact with
open seawater and its argillization probably took place due to subsurface
hydrothermal activity

The formation of veins filled with gypsum and calcite: The open fractures
probably functioned as the subsurface "solution plumbing system" of the
hydrothermal circulation. The veins, filled with gypsum and calcite, were formed by
deposition from the hot solutions within the fractures. These veins cross the black
magmatic rock of the volcanic neck and the variegated tuff of the volcanic cone,
indicating that subsurface hydrothermal circulation took place throughout the
Kerem-Maharal Volcano.

The silification in the Gastropod bioherm strata: Silification and formation of
silicified rock (so-called quartzolite) is observed in the lower strata of the Gastropod
bioherm, above the volcanic tuff. It seems that some hydrothermal activity continued
for a period after the end of the volcanic eruption. Hot solutions rich in silica which
probably passed through the porous limestone of the lower Gastropod strata
replaced the calcium carbonate and formed the silicified rock.
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TRADE CONNECTIONS WITH THE PILLARED BUILDING OF
TEL HADAR DURING THE IRON AGE

Shoval, S.1, Beck, P.2* and Yadin, E.2

1. Geology Group, Department of Natural Sciences, The Open
University of Israel, The Dorothy de Rothschild Campus, 108
Ravutski Street, Raanana

2. Institute of Archaeology; Tel Aviv University, Tel Aviv, 69978

* deceased

The trade connections with the 11th century B.C. pillared buildin
excavated at Tel Hadar, on the eastern shore of the Sea of Galilee were studied.
Examination of the petrography of the pottery leads to the following
conclusions.

The various petrographic groups of pottery excavated in the pillared
building of Tel Hadar refﬁect the trade connections of this site with the
surrounding region. These groups demonstrate that the pottery was
manufactured in different locations and imported to Tel Hadar.

The petrographic groups demonstrate that the pottery was manufactured
in the vicinity of the site, as well as in the Golan, the ?ordan Valley, the Galilee,
the Western Galilee-Lebanon and the Phoenician (northern) shore. Thus, Tel
Hadar had connections with these regions.

The many storage and tableware vessels found in the storage rooms of
the pillared building and their various origins indicate that the site was used as
a trade post. The large granary rooms of the ground floor were also used for
this purpose.

e cooking pots of Groups 1-3 were imported to Tel Hadar from the
Golan and from the Galilee. They served as tools for heating foods. However,
Group 2 includes some large cooking pots which had been not used, and these
pots were probably intended for marketing.

The big storage jars of Group 4 are of local production. These vessels
were probably used as containers for storing the food intended for marketing in
the column hall. It is reasonable to assume that large jars of local production
were not transported over large distances.

Tableware vessels of Group 4 are also of local production. These vessels,
which were designed for eve aK use, are coarse and thick and usually not
coated, burnished or decorated. They served as tools for preparing foods and
for eating.

The pottery of Groups 6-8 was imported to Tel Hadar from far away.
These vessels are coated, burnished or color-slipped and part of them was
decorated with brown-red bands. They were imported for marketing because of
the quality of the ware and probably subsequently used for storing oils or other
expensive products.

The imported storage jars of Groups 6-8 were probably brought as
containers for the traded goods.

The ‘Greek’ bowl of Group 9 was possibly imported from a
Mediterranean island. This pottery is fine and thinner than that of the other
groups and decorated inside with a red cross.

The variability in the raw materials indicates that during the Iron Age the
pottery needed in each site was prepared by the local potters. For pottery
desifned for everyday use there was no pottery-making center for regional

u

production.
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TERTIARY FAULTING OF THE ISRAELI COASTAL PLAIN
%tginberg, J.13, Gvirtzman, Z.2, Gvirtzman, H.! and Ben-Gali,

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904
2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

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

The passive margin of the Eastern Levant basin formed in the Early Mesozoic
by the breakup of the northern edge of the African-Arabian plate. Until now,
tectonism of these margins has been related to the breakup of Pangaea, and its
subsequent thermal subsidence long afterwards. However, thermal subsidence can
not explain the renewed acceleration of subsidence in the Tertiary. In addition, the
lithological hinge-line that characterizes the continental shelf edge during the Jurassic
and Cretaceous apparently faded away towards the end of the Cretaceous. A look at
the structural map of the Judea Group reveals numerous amount of normal faults
that are not associated with known tectonic regimes. The Syrian Arc structures are of
reverse orientation and of distinct direction, and thus can not explain normal faults of
N-S and E-W directon. The renewed Tertiary subsidence, the apparent
disappearance of the hinge-line, and the vast amount of faults that have yet to be
accounted for, raise the possibility of Tertiary faulting. A reexamination of seismic
reflection surveys is being performed in an attempt to determine the nature and age
of such faults. Preliminary results show an area of disrupted shallow reflectors
parallel to the present day coastline. The purpose of this research is to determine
whether these disturbances are of tectonic origin.




RADON SIGNALS IN THE ELAT GRANITE PLUTON,
SOUTHERN ARAVA - INDICATIONS FOR GEODYNAMIC
TRANSIENTS

Steinitz, G.1, Malik, U.!, Gazit-Yaari, N.2, Piatibratov, O.1 and

afrir, .1

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501
2. Soreq Nuclear Research Center, Yavne, 45832

High time resolution monitoring of radon, using alpha detectors along a 0.6
km long E-W transect in Nahal Shlomo, in the massive and jointed Precambrian Elat
Granite. Monitoring, at a time resolution of 15-minutes, is conducted in three
boreholes (E-1, E-2, E-3) at depths of 10, 4, and 53 meters. Systematic temporal
variation patterns are observed, manifesting large and very large relative signals. The
main types of variation are daily radon signals (DRS) and multi-day (MD) variations,
which are superimposed on a seasonal variation. Ambient atmospheric conditions
(pressure, temperature) seem not to be the main driving force for the observed
phenomena.

MD radon signals, spanning intervals of 2-15 days, occur intermittently and
display very different amplitudes and forms. DRS occur as regular signals featuring
periodicity at the daily scale.

The space-time relations of MD and DRS radon signals from long time series, is
analyzed in several modes in the temporal and frequency dimensions by
investigating:

The variation of the daily amplitudes of DRS as a function of the seasonal
variation;

The relation and variation of the daily amplitude of DRS relative to the daily
level of the MD radon signal;

The temporal variation of the amplitudes of the primary diurnal frequencies at
E-1 and E-2 (derived by FFT analysis);

The time offset of the MD signal among E-1 and E-2 (derived by cross-
correlation analysis);

The temporal offset of the DRS signal among E-1 and E-2 (derived by cross-
correlation analysis).

The results suggest that local geodynamic transients are affecting the space-
time relations of MD and DRS signals in the temporal and frequency dimensions. The
signal types observed in the massive Elat Granite (seasonal, MD, DRS) are similar to
those observed in gravel (unconsolidated) along the active western fault at the NW
Dead Sea sector, where a connection is demonstrated between multi-day (MD) radon
flux variation and earthquakes in the Dead Sea rift. This similarity raises the
possibility that radon signals in the Elat Granite reflect processes similar to those
observed in the NW Dead Sea area.
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TEST MONITORING OF RADON IN GEOGAS AT THE GRAN
ISAsso SUBSURFACE LABORATORY, CENTRAL APENNINES,
TALY

Steinitz, G.1, Plastino, W.2, Gazit-Yaari, N.3, De Luca, G.4 and
Haqin, G.3

1. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501

2. Department of Physics, University Tre, Roma, Italy

3. Soreq Nuclear Research Center, Yavne, 45832

4. Istituto Nazionale di Geofisica e Vulcanologia; c/o Laboratori
Nazionali del Gran Sasso, Italy

High time resolution monitoring of radon (<1-hour) in geogas was initiated at
the deep subsurface of central Italy, in the frame of project ERMES-Rn. The Gran
Sasso National Laboratory (LNGS) is the largest underground laboratory in the
world for experiments in particle physics and nuclear astrophysics. Scientists, from
different countries, working at about 15 experiments in their different phases, use it as
a worldwide facility. The issue of radon geophysics in the natural subsurface
environment is recognized as an important scientific topic for LNGS, directly bearing
on environmental and geodynamic issues at and around the facility. The laboratory,
located at an average depth of 1,400 meters in the active Apennine chain, enables the
testing of the geodynamic significance of radon signals. Alpha and gamma detectors
as well as environmental sensors are installed in an isolated side room of one of the
service tunnels in the outer perimeter of the LNGS facility. The calcareous country
rock is exposed in the sidewall of the room (approx. 4x2x2.5 meter). The room is
isolated to minimize mixing with the air in the ventilated tunnel.

Initial monitoring results indicate that a varying radon signal occurs in the air
of the isolated site (geogas) by both alpha and gamma detectors. The variation is
independent of the pressure and temperature (stable) variations at the monitoring
site. The primary signal type so far detected in the variation is a multi-day (MD)
signal. MD signals have been observed at different sites in Israel and are attributed
there to reflect subtle strain transients at upper crustal levels.
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SYNTHESIS OF SUB-MICRON MAGNETITE IN HOT NACL
SOLUTIONS

Taitel-Goldman, N.1, Ezekiel, ].! and Mogilyanski, D.2

1. The Open University of Israel, 108 Ravutski St., Raanana
2. The Institutes for Applied Research, Ben-Gurion University of the
Negev, Beer-Sheva, 84105

Sub - micron magnetite was crystallized in hot saline solutions, (60°C-80°C, 0.8,
2,4 ,5M Na(l) and at varying alkalinities (pH-6-10.4),

Magnetite crystallite sizes varied between 18 nm to 45 nm, and unit cell
parameters varied between 0.8373-0.8396 nm, both highly related to solution
alkalinity rather than solution salinities or crystallization temperatures.

An increase in pH solution at elevated temperatures (70° and 80°C) and salinity
(4 and 5 M Na(l) yielded magnetite with larger crystallite size and greater unit cell
parameters. An opposite trend was observed in magnetite that crystallized at 60°C in
the 5 M NaCl solution and to a lesser extent in magnetite crystallized at 4M NaCl
solutions. Mossbauer spectra showed an enrichment of Fe3* ions in octahedral sites
with respect to Fe?*, hence leading to reduced unit cell parameters and crystallite
sizes.

Magnetite morphology varied between euhedral plates or octahedral and
unhedral crystals. The euhedral plates were probably crystallized pseudomorphically
after platy green rust or Fe(OH), due to its quick crystallization. The BET surface
areas of magnetite samples, which highly depend on magnetite morphology, vary
between 23m?/ g and 14m?2/ g to unhedral and euhedral crystals respectively.

As observed in previous studies, introducing dissolved silica into the solutions,
hindered magnetite crystallization and led to decreases in both crystallite size and
unit cell parameters.

With time (6-7 years), magnetite samples tend to oxidize spontaneously into
maghemite (yFe;Os) preserving their original morphology and the variability in their
crystallite size. Sub micron magnetite may be used for environmental cleanup using
its high surface area and absorbance capacity. It is however recommended to use the
magnetite prior to its complete re-crystallization into maghemite.
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FLOODWATER INFILTRATION - RESULTS FROM A MULTI-
TRACER EXPERIMENT

Talby, R.3, Dahan, O.2, Yechieli, Y.3 and Enzel, Y .4
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Floodwater infiltration and groundwater recharge in arid and semi-arid zones
is studied intensively world-wide. Scientific efforts to understand these processes
arose from the realization that groundwater in shallow alluvial aquifers are the only
renewable water source in arid environments. Moreover, in recent decades
population growth and a tremendous increase in agricultural activities, due to
convenient climatic conditions, have dramatically increased the water demand in arid
environments.

In this study the process of floodwater infiltration was investigated using a
novel technique that allows complete monitoring of percolation through a set of
probes designed to detect and sample the percolating water all along the vadose
zone, from the surface to the groundwater. The experimental set-up used special
flexible TDR probes to monitor the infiltration process, and special sampling ports
designed for continuous sampling of the percolating water.

The study site is located in a hyper-arid area in the central Arava Rift Valley of
Israel, where a shallow alluvial aquifer is infrequently replenished by floodwater
percolation. The monitoring system in this site consists of five sampling ports and five
flexible TDR probes that were installed at different depths from the surface to the
water table (4 m below surface). The probes and sampling ports were installed in a
slanted borehole drilled underneath the center of the stream channel. A controlled
percolation experiment designed to simulate a typical flood event was performed in a
large pond (7x9 m) specially constructed for the experiment. Five infiltration rings
were installed at the bottom of the pond, one on top of each sampling port. Two
tracer tests were conducted at different stages of the flooding. Ten different chemical
tracers were injected into the ring infiltrometer. Five fluorinated derivatives of
benzoic acid were used in the first tracer test and five other chemical tracers (Br -, Li*
and 3 fluorescences: Eosin, Uranine and Sodium Naphthionate) were used in the
second test.

The results show quick infiltration with a complex percolation mechanism that
involves spreading of flow lines and preferential flow mechanisms in a multi porosity
system. The results reflect the effect of heterogeneity of alluvial sediments on the
infiltration process, emphasizing the vulnerability of those aquifers to pollution
processes.
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HOW MUCH OIL IS TRAPPED IN THE DEAD SEA BASIN -
MATERIAL BALANCE AND ACCUMULATION EFFICIENCY
CONSIDERATIONS

Tannenbaum, E.
Kimron Oil and Minerals, 19 Hahistadrut St., Hod Hasharon 45270

The objective of this study is to show that, in spite of the small quantities
discovered so far, the Dead Sea basin has great hydrocarbon potential. The Dead Sea
basin is a small pull-apart (around 100x10 km) located along a left-lateral transform
boundary between the Arabian and Sinai plates. The basin formed at about 15 Ma,
but major subsidence (up to 10 km) took place since 4 Ma.

The Dead Sea petroleum system contains all the components necessary for
formation of significant hydrocarbon accumulations. They include: world-class
organic-rich source rock (Upper Cretaceous "oil shales") with generation potential of
20 BBOE, advanced maturation levels, dynamic hydrocarbon generation and
migration since about 2.5 Ma, a "tar belt", and high quality reservoir and seal rocks.
The great potential, however, is still untested and exploration in the area has been
quite disappointing. Commercial discoveries include small gas fields (72 bcf) and
production of small light oil quantities in 3 fields.

The calculated hydrocarbon generation potential is a ballpark number that
provides the basis for evaluation of the prospectivity of the basin. In this respect, the
most crucial question concerns with the portion that has been trapped in commercial
accumulations. Two different approaches are used to calculate this figure. In the first,
material-balance considerations, taking into account hydrocarbon losses through
migration, biodegradation and other processes, indicate that large quantities (>1
BBOE) may be trapped in the deeper basin blocks. Similar results are also indicated
by the second approach in which the calculated accumulation efficiencies are far
below the values of other petroleum systems with similar characteristics.
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U-TH AND 880 CHRONOLOGY OF THE AMORA
FORMATION, MOUNT SEDOM

Torfstein, A.12, Waldmann, N.13, Kolodny, Y.1, Gavrieli, 1.2
and Stein, M.2

1. Institute of Earth Sciences, Hebrew University of Jerusalem, Givat
Ram, Jerusalem, 91904
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3. Department of Geology and Paleontology, University of Geneva,
Switzerland

The lacustrine Amora Formation (Fm.), underlying the late Pleistocene Lisan
Fm. (70-14 ka BP), consists of laminated aragonite and detritus, Ca-sulfate minerals,
halite and clastic units. The sediments were uplifted and tilted by the rising Sedom
diapir, exposing ~330 m of the formation on the eastern flanks of Mt. Sedom, near the
Arubotaim Cave (AC). Determining the chronology of the Amora Fm. is an essential
requirement for the reconstruction of past environmental changes during its
deposition.

Here, we report a chronology of the AC Amora section, determined by 24U-
Z0Th dating combined with a floating 60 stratigraphy.

The bulk of %0 values in Amora aragonites vary in the range of 6.8 to -0.5%o,
and shift periodically throughout the columnar section from heavy compositions
(6180~ 6%o) to lighter ones (880~ 0%o). The application of the 810 record as a
chronometer in the Amora Fm. is based on results from the high resolution dated
Lisan Fm., where 680 were found to be correlated with Eastern Mediterranean
foraminifera and Judean Mountain speleothem values of the same age (Kolodny et
al., 2005). The similarity of limnological-hydrological conditions between the Amora
and Lisan lacustrine systems is exemplified by the lithological resemblance between
both Formations as well as their sulfur isotopic composition (5%5).

We suggest that the deposition of the capping layers of the section took place
during the culmination of the Marine Isotopic Stage (MIS) 6 glacial (~140 ka BP).
Considering reasonable sedimentation rates and the %0 trends, the base of the AC
section precipitated during MIS 13-15 (~500-600 ka BP).

The age of a prominent ~5 meter thick salt marker unit (159 m above section
base) is ambiguous. Its deposition could have occurred during MIS 9 (~330 ka BP) or
during MIS 11 (~410 ka BP), depending on sedimentation rates and hiatuses in the
section. Nevertheless, the high resemblance between the global geologic records of
MIS 11 and the Pleistocene-Holocene transition, supports the deposition of the salt
unit to have occurred during MIS 11, since it bears a high similarity to a massive
halite layer deposited during the Pleistocene-Holocene transition (base of the Ze'elim
Fm.).

References:

Kolodny Y., Stein M., and Machlus M. (2005) Sea - Rain - Lake relation in the last Glacial
East Mediterranean revealed by &0 - 6 13C in Lake Lisan aragonites. Geochim. Cosmochim. Acta
69, 4045-4060.
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PALEOSOLS AND PREHISTORY IN THE NAHAL HADERA
OUTLET: IMPLICATIONS FOR PALEOENVIRONMENT AND SOIL
SCIENCES

Tsatskin, A. and Ronen, A.
Zinman Institute of Archaeology, University of Haifa, Haifa 31905 Israel

In the Hadera outlet, the Epipalaeolithic (17-20 ka) hamra-related sites have
long been known (Ronen et al., 1978; Barkai et al., 2003). The initial pedological
studies in the Israeli coastal plain (Dan et al, 1968/1969) showed that
hamra/grumusol catenas are related to coastal sand dunes, kurkar ridges and inter-
ridge troughs. The breakthrough was recently obtained, due to massive TL, OSL, and
RTL dating on feldspar and quartz sand, which placed hamra/kurkar sequences
with Epipalaeolithic finds in the time interval of ca. 100 ka and more. Our results
showed that, apart from the microlithic industries found at the upper grumusol
contact in the Nahal Hadera outlet pits and quarries, some Mousterian age artifacts
also occur. The latter are present in much less quantities, and mostly not at the top of
the ridge but at the transition to a trough depression. There is no an obvious
kurkar/or sand layer between the two industries. Paleopedological observations here
show that paleosols are basically cumulative/compound and include several soils
probably formed on different substrates. Micromorphology, SEM/EDS and soil
magnetic studies allow us to detail the morphological observations. Generally, hamra
are magnetically enhanced if rich in clay fraction, while grumosols albeit more clayey,
show lower values of magnetic properties. In many cases grumosols overlie hamra
rendering a characteristic curve of magnetic properties. The identification of nano-
sized ferrimagnetic and ferric paramagnetic minerals (Tsatskin et al., nd) suggests
their pedogenic in situ accumulation irrespective to the mode of dust additions at the
time of soil functioning. Juxtaposition of individual diagnostic features, such as clay
coatings, Fe/Mn and calcitic, is common.

In conclusion, soils/paleosols in the Northern Coastal plain show the pattern
of diversity that is stronger than previously thought. This somewhat agrees with the
current highly variable OSL data and confirms an increasingly accepted view that the
both glacial and interglacial climatic stages in the Mediterranean region were
heterogeneous. While hamra soils are in fact cumulative soil/sedimentary sequences,
the chronostratigraphic interpretations of hamra have to be more site-specific than
presently practiced. The identification of the sequence of soil formative and
sedimentary episodes in a concrete site is needed for the interpretation of the
obtained absolute chronology data. In addition, the paleodata may have important
implications for pedological theory and practice, e.g. for the evaluation of response
times of relevant soil attributes and assessment of various anthropogenic impacts by
comparison with background information.
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VERIFICATION OF NUMERICAL METHODS USING A
CENTRIFUGE MODEL OF A MULTI JOINTED BEAM

Tsesarsky, M. and Talesnick, M.L.

Faculty of Civil and Environmental Engi.neering. Technion - Israel
Institute of Technology, Haifa, 3200

The predictive abilities and accuracy of two different numerical methods: 1)
Explicit Finite Difference - FLAC and 2) Implicit Discrete Elements - DDA; was
studied using a set of specifically designed centrifuge models of a multi fractured
rock beam. It was found that both methods predict the equilibrium conditions met at
the centrifuge models and that the numerically predicted displacements are
reasonably accurate. Displacements accuracy of both methods was found to be a
function of the block interfaces stiffness. The thrust predicted by both methods was
found to be considerably lower than one measured in the centrifuge model; however
the linear evolution of thrust was correctly captured. The modes of deformation as
recorded in the centrifuge model were only partially captured by the numerical
methods and were found to be a function of the geometry of the individual blocks
comprising the beam. Based on the findings of this research the applicability of the
methods to stability analysis of underground openings can be assessed.

Based on the findings of this research it is suggested that the thickness (t -
beam thickness) of the compressive arch active in the beam varies along the beams
length from 0.8t at the abutment adjacent block to 0.5t at the mid span, reaching a
maximum of 1t half blocks length from the abutment. This finding is a significant
contribution towards a resolution of this problem yet in controversy among
researchers in this field.
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EXPLOSION BRECCIAS AND DIATREMES AS KEY STRUCTURES
IN THE FORMATION OF THE HATRURIM FORMATION

Vapnik, Y.! and Sokol, E.2

1. Department of Geological and Environmental Sciences, Ben-Gurion
University of the Negev, POB 653, Beer-Sheva, 84105

2. Institute of Mineralogy and Petrography, Koptyuga prospect 3,
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This is the first report of diatremes identified in the sedimentary and
combustion metamorphic rocks of the Hatrurim basin, Southern Israel. Several tens
of diatremes have been identified. These have a circular trace at the surface up to 10
m in diameter within retrograde carbonate rocks, and are composed of polymictic
breccias showing different sizes of fragments. The breccia fragments include chert,
dolomite, phosphate, red-color chalcedony, and combustion rocks. Extremely intense
brecciation (down to fine scaly fragments) is typical. The fragments are bound
together by quartz and/or carbonate cement, accompanied by the development of
chalcedony and opal. The form and composition of breccia components clearly
indicates that they were shaped in diatremes during numerous explosions of gases
and were carried to the surface from a depth of at least 100 m. The diatremes are
similar to classical explosion pipes in Siberia and the US mid-west. Similar breccias
are also known at several other outcrops in the Hatrurim basin where they may be of
similar origin. We suggest that countless pipe-like bodies are typical for the Hatrurim
basin. Nevertheless, the diatremes are only a detail of common explosive brecciation
observed in dolomites, cherts, phosphates and combustion rocks which crop out in
and near the Hatrurim basin.

The discovery of these diatremes constitutes a significant innovation in the
interpretation of the high-temperature phenomena of the Hatrurim formation. Their
development was likely initiated by the widely distributed flow of combustible gases.
We propose that the earliest stage of formation of the Jordan Rift was accompanied
by the appearance of numerous feather-like faults, which provided the long-term
pathways for ascending deep-rooted gases. The increased gas pressure and molecular
decomposition of the gaseous compounds initiated numerous and widely dispersed
gas explosions. These resulted in rock brecciation and surface and subsurface burning
of gas manifested in the extensive distribution of combustion metamorphic rocks of
the Hatrurim formation. The widely distributed gas flow alternated with local
powerful explosions that broke through sedimentary and metamorphosed country
rocks to form diatremes. The final subsidence of the central part of the rift valley was
accompanied by the development of numerous grabens branching there-off, in parts
of which rocks of the Hatrurim formation were down-faulted. Neo-erosion has
almost completely erased the high-temperature rocks that rested on the top of
anticline ridges and preserved their relicts only within intervening synclinal troughs.

This suggests that the combustion metamorphism and associated processes
forming the rock sequence known as the Hatrurim formation are directly related to
the formation of the Jordan Rift, and involved long-term and large-scale deep-rooted
gas infiltration, gas explosion, rock brecciation, and surface and/or subsurface high-

temperature gas combustion.
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EXPERIMENTAL DETERMINATION OF THE SHEAR STRENGTH
OF ROCK-PILE INTERFACES USING DIRECT SHEAR TESTS

Wainshtein, I. and Hatzor, Y.H.

Ben-Gurion University of the Negev, Department of Geological and
Environmental Sciences. P. O. Box 653, Beer-Sheva, 8410

The shear behavior of smooth rock-concrete interfaces was studied using a
hydraulic, servo-controlled, direct shear system with both load and displacement
control for both normal and shear pistons. The direct shear tests were performed
under a constant shear displacement rate of 0.025 mm/sec and under a constant
normal stress control mode. Four open rock-concrete interfaces and two cemented
rock-concrete interfaces were studied: the open interfaces were of Bina limestone,
Aminadav dolomite, Adulam chalk and Maresha chalk; the cemented interfaces were
of Aminadav dolomite and Adulam chalk.

The mechanical properties of the studied rocks as well as the concrete were
thoroughly studied using index property tests including: dry density, porosity, water
content, unconfined compression tests of dry and saturated samples, ultrasonic wave
velocity, Brazilian, Point load and Triaxial compression tests.

Each direct test consisted of seven shear cycles under various normal stresses.
Peak shear strength and the coefficient of friction for the open and cemented
interfaces were determined for each shear cycle. A Coulomb-Mohr type yield
criterion was developed for both peak and residual shear strengths of the cemented
interfaces, and for the peak shear strength of the open interfaces. Shear and normal
stiffness, degree of dilation during individual shear cycle and peak strength
normalized to displacement were also obtained for both cemented and open
interfaces.

Direct shear test results showed that the shear behavior of open interfaces at
failure is non linear and that higher coefficients of friction were obtained under low
normal stresses. Moreover, higher coefficients of friction were obtained in weak
lithologies like chalk. Friction coefficients obtained from simple tilt tests were similar
to direct shear test results under low normal stress. Furthermore, interface shear
stiffness was found to increase with increasing normal stress. Normal stiffness
however remained relatively constant under a wide range of normal stresses.

Direct shear tests performed on cemented interfaces showed a significantly
higher shear strength and stiffness with respect to open interfaces. It was established
that cohesion was the dominant interface shear strength parameter, and that the
residual friction angle has a much smaller effect on cemented interface shear
strength.

The experimentally determined shear strength of cemented rock-concrete
interfaces is considerably higher than recommended by the Israeli Building Code
1378; in some cases up to 250% higher. It was also established experimentally that the
normalized shear displacement at pick strength is: 0.33-0.70% for cemented and
0.02%-0.14% for open interfaces.
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A NUMERICAL GROUNDWATER FLOW MODEL OF A PERCHED
KARSTIC AQUIFER CALIBRATED TO SPRING HYDROGRAPH
DATA WITH APPLICATIONS TO METEOROLOGICAL
PARAMETER ESTIMATIONS

Weiss, M. and Gvirtzman, H.

Institute of Earth Sciences, Hebrew University of Jerusalem, Givat Ram,
Jerusalem, 91904

The Judea Group carbonate rocks making up the Yarkon-Tanninim aquifer are
highly fractured including many karst formations. Relatively impermeable marl
aquicludes divide the aquifer into separate sub-aquifers. The karstic character of the
carbonate rocks, in conjunction with the marly aquicludes, causes diversion of
groundwater flow to discrete springs. These perched-karstic springs are common
across the Israeli landscape and some have discharges on the order of 100,000 m3 per
year.

Hydrograph data was examined from approximately 10 springs discharging
from the Yarkon-Taninim aquifer. Much of the data cover an uninterrupted time
span from 1967 to the present. Detailed analyses of the hydrographs provide
information regarding the spring discharge response to precipitation events and thus
the flow characteristics of the aquifer. The hydrograph data was used in this study for
calibrating numerical groundwater flow models for a number of different springs.
The results of the numerical model calibration efforts showed that spring discharges
could not be replicated by using a simple percentage of the observed transient
precipitation data. An accepted equation for estimating recharge by considering the
suspected changes in evapo-transpiration rates in unusually wet or dry years was
also inadequate for the model calibration. Successful calibration of the flow model
was achieved only upon using a new estimate of the distribution function of
precipitation versus recharge. The new function circumvents the problem of
overestimating recharge in relatively dry years and underestimating recharge in
relatively dry years. The new function was derived for different recharge areas of the
aquifer by developing flow models for different springs. The groundwater flow
models also provide further insight into the overall mass balance of water amongst
the upper (perched) and lower portions of the Yarkon-Taninim aquifer.
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ALONG- AND CROSS-RIFT ROBUSTNESS OF BLAST
DISCRIMINATION AT LOCAL DISTANCES IN THE NORTHERN
DEAD SEA FAULT AREA

Waust Bloch, H.1, Barzilay, S.12, Ben-Horin, Y.2 and Ben-
Avraham, Z1

1. Department of Geophysics and Planetary Sciences, Tel Aviv
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Yavne, 45832

A broadband, pattern recognition based scheme was developed for the
discrimination of natural and man-made low-magnitude seismicity at local distances.
The system was initially trained with signals generated at four active quarries in
Northern Israel. Tests performed on several catalogs of events recorded by the MMAI
array (Mt Meron) delivered a reliable discrimination performance.

The robustness of the system is further evaluated by extending the azimuthal
coverage of the receivers up to 360° for both along-rift and cross-rift paths. The lateral
effect of material inhomogeneities and discontinuities on discrimination tasks is
characterized for slant distances up to 30 km.
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LANDSCAPE EVOLUTION OF THE RAGGEDY RANGE,
CENTRAL OTAGO, NEW ZEALAND: EVIDENCED BY CROSS-
RIDGE RIVER CHANNELS

Youngson, J.1 and Ginat, H.2
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Central Otago in New Zealand is an area of active continental folding, along
the eastern margin of the Southern Alps. This area lies in the rain shadow of the
Southern Alps and no indications of glacial activity are found in the area. Raggedy
Range is one of five elongated, northeast-trending folds developed above blind
reverse faults. Raggedy Range is elevated 100-200 meters above the Ida Burn -Pool
Burn valley to the east and Manuherikia valley to the west. Raggedy Range is an
asymmetric antiform with a gently sloping northwestern limb and a steep
southeastern limb.

In regions where very few continental sediments are preserved, only detailed
geomorphic mapping of ancient surfaces and profiles of recent and ancient cross-
ridge rivers can indicate the history of landscape development.

Fluvial surfaces at different elevations on the southeast and northwest slopes of
the range evidence the gradual uplifting and folding of it. Prominent abandoned
valleys on the ridge indicate the different stages of uplifting.

1) The Old Ida Valley, 100 meter higher then the recent gorge and parallel to
the range, is a remnant of the drainage before or during the early stages of uplift.

2) The Slogary channel is an abandoned valley 30-50 meters deep crossing
Raggedy Range, the profile of which has been folded during subsequent uplift. This
valley is the ancient channel of the Pool Burn and it was formed during the early and
intermediate stages of uplift.

3) The present Ida Gorge has been formed after the Pool Burn and Ida Burn
joined in the Ida Basin, their combined flow having enough erosive power to cut the
across the range during the later stages of uplift.

The rate of uplift of the antiformal ranges in Central Otago was estimated as
0.1-0.15 mm/y over the last 550,000 years. This was estimated by cosmogenic 'Be
and Al measurements on silcrete, together with analysis of abandoned river terraces
(Jackson et al 2002, Bennett et al, 2004). Tectonic measurements indicate that the uplift is
still active (Nicolls and Norris 2004). The folded profile of the abandoned Slogary
channel provides strong evidence for asymmetric folding being the style and
mechanism of range growth. Geomorphic mapping and geometric profiles of
abandoned valleys can be used in other regions to decode and reconstruct the stages
and amount of uplift, even in regions without alluvial remnants.
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INVESTIGATION OF SITE RESPONSE IN TOWNS OF ISRAEL
FOR STRONG MOTION PREDICTION

Zaslavsky, Y.

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

Several destructive earthquakes during two past decades, for example Mexico-
City, 1985; Spitak, Armenia, 1988; California, Loma Prieta, 1989 and Northridge, 1994;
Kobe, Japan, 1995; Kocaeli (Lzmit), Turkey, 1999; Algeria, 2003; and other, have clearly
shown that local site conditions often cause great damage. This is particularly
important for many cities of Israel because most of them are located on sedimentary
basins with strong impedance contrast between the soft sediments and the
underlying bedrock. In spite of everything the Holy land has a long, documented
history of destructive earthquakes, it impossibly to use these dates for direct
prediction of the consequences of future destructive earthquakes because the
demographic conditions, engineering characteristics of building and locations of the
settlements are very different from those that exited in past. For this reason, the a-
priory estimation of site effect is very important in order to estimate the dynamical
behavior of structures for seismic design and seismic microzoning for the damage
assessment due to future predicted earthquake.

In 2001, owing to financial support of the Ministry for Absorption and the
Earth Sciences Research Administration of the Ministry for National Infrastructure, a
special team was formed in the Geophysical Institute of Israel to map site effects in
urban areas of Israel. Up to now, seismic microzonation studies in the cities of Lod,
Ramle, Qiryat Shemona, Kefar Sava, Dimona, Arad, Bet Shean and Afula have been
carried out. The high number of noise measurements allowed us to infer the
following conclusions:

Seismic site amplifications in the order of 2.0- 8.0 in the frequency range 0.7-
14.0 Hz. are expected in investigated areas

Prediction based on 1-D models, inferred only from geological and geophysical
information may differ significantly from empirical assessments. Reliable estimations
are those obtained by combining different empirical approaches, with geological and
geophysical data.

The assessed acceleration response functions across the investigated areas
suggest that the allowances made in the Israeli Code 413 for soft soil conditions
should be carefully re-examined.
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EARTHQUAKE SITE RESPONSE AND MICROZONATION OF
THE COASTAL PLAIN

Zaslavsky, Y.1 Shaplra Al2 Gorstem, M Aksinenko, T3,
Kalmanovich Ataev, Ga Glller, Perelman, N. 1
Livshits, 1.1 Glller, D.land Dan, H.:1

1. Selsmologoy Division, Geophysical Institute of Israel, P.O. Box 182,
Lod, 7110
2. International Seismological Centre, Thatcham, UK

Almost half the population of Israel lives in the Mediterranean coastal plain.
For this reason and owing to the proximity to seismically active faults and the surface
geology that is governed by soft sediments, the coastal plain may be considered a
high seismic risk. The different local site conditions can yield significant variations in
the intensity of the ground motion generated by earthquakes. To evaluate the local
site effects, we conducted ambient vibration measurements at 1300 locations in an
area of about 2300 km?. Field measurements included several towns, two of which
were covered by a dense grid of 250*250 m?. In the rest of territory measurement sites
were distributed with a grid of about 22 km? Based on H/V spectral ratio
computations, we estimated the amplification effects to be of factor 2-7 at frequencies
in the range 0.3 to 7.0 Hz.

The predominant frequencies and their associated H/V levels were correlated
with the subsurface geology. Apparent to the investigated area, two types of rock
layers seem to dominate the site response in this area; the relatively shallow
calcareous sandstone layer that is distributed along the coastline in a strip of about 10
km wide and the hard limestone and dolomite of the Yehuda Group.

Borehole information about the sediments is available for nearly 200 of the
measured sites. The detailed lithological information from boreholes, together with
available geological, geotechnical and geophysical data, were used to construct multi-
layer 1D-models from which the expected response functions are calculated.
Assuming horizontal continuity of the layers between neighboring measured sites
(unless dissected by mapped faults) we were able to construct a regional subsurface
model that yields site response functions that match the observed features of the H/V
spectral ratio functions.

The results show that ambient vibration measurements can be used to obtain
reliable information related to seismic behavior of sediment layers (in linear
conditions) with thickness from 20 to 600 m. Appropriate ensembles of carefully
selected windows of ambient vibration time segments and careful analysis of the
horizontal and the vertical amplitude spectra and their ratios, provide estimates of the
site response similar to those obtained from the H/V spectral ratio of seismic events.
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THE HEMAR CONGLOMERATE - A REMNANT OF MIDDLE -
LATE MIOCENE CROSS-RIFT STREAM

Zilberman, E.1 and Avni, Y.12
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2. Ramon Science Center, Desert Research Institute, P.B. 194 Mizpe
Ramon, 80600

Relics of conglomerate composed mainly of well-rounded chert pebbles,
cobbles, and boulders are preserved in a series of abandoned valleys that cross the
northeastern part of the Dimona anticlinal ridge. The eastern relicc which
unconformably overlies the southeastern steep flank of the anticline at an altitude of
400 m is tilted to the east. On the higher parts of the anticline the conglomerate fills a
series of shallow valleys at altitudes 470-520 m, and at the western margins of the
anticline it is exposed along the Aroer- Arad road at altitudes of 470-480 m. More than
95 % of its clasts are composed of well-rounded pebbles, cobbles and boulders
derived from the Mishash chert and reworked allochthonous chert pebbles and
cobbles derived from the Hazeva Formation. It also contains some clasts of cemented
yellowish sandstone that originated from an eroded sequence of the Rotem Member
of the Hazeva Formation, small quartz pebbles typical to the Paleozoic sequence
(termed pigeon eggs) and red quartzite pebbles and boulders. We term this unit: the
Hemar conglomerate.

The imbrications of the clasts indicate a westward flow direction toward the
Be’er Sheva valley, where it is overlain by the "Red Units" of Pliocene age.

The clast assemblage and the well-rounded Mishash chert components suggest
a long transportation distance, probably from the eastern part of the Dead Sea Rift.

It is therefore suggested that the ancient Hemar stream was a west-flowing
cross-rift high-energy river that developed after the removal of most of the thick
cover of the Early-Middle Miocene Hazeva Formation from the northern Negev. It
drained to the Be’er Sheva canyon that was established in the Late-Middle Miocene
and was flooded by the sea during the Late Miocene.
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