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PALEOMAGNETIC STUDY OF THE CARMEL FAULT ZONE, 

NORTHERN ISRAEL 

M. Achmon1 and H. Ron2 
1 Dept. Geophysics & Planetary Science, Tel-Aviv University 
2 The Institute for Petroleum Research & Geophysics, Holon 

We present the results of a paleomagnetic study of sites 
along the Carmel fault system. Our aim was to obtain a clearer 
picture of the distributed crustal deformation in the vicinity 
of the fault system. We gathered about 600 samples of Upper 
Cretaceous carbonate and volcanic rocks and Miocene and 
Pliocene volcanic rocks at about 100 sites from areas near the 
fault system. The Natural Remnant Magnetization (NRM) of the 
samples was measured using a cryogenic magnetometer with 
integrated AF coils. All samples were stepwise demagnetized 
using either alternating field or thermal methods at the IPRG 
Paleomagnetic Laboratory. Additional rock magnetic experiments 
such as SI8M acquisition, AF or SI8M and SEM analysis were 
performed on a selected number of representative samples to 
establish the primary characteristic nature of the 
magnetization. The primary characteristic magnetic vector for 
each sample was ·isolated using the Principal Component 
Analysis method. The results were then analyzed using standard 
paleomagnetic statistical procedures (Fisher statistics). The 
results fall into seven groups which are compatible with the 
known structural geology of the area: (a) the northern part of 
Mount Carmel; (b the southeastern part of Mount Carmel; 
(c) the eastern Menashe foothills; (d) the western part of the 
Yizre'el Valley; (e) the Amir incline (Umm El Fahm); (f) the 
Gilboa block; (g) the eastern Gilboa foothills. 

Significant counterclockwise rotatiQQ (up to abQut 30°) 
about a vertical axis was found in the areas of the eastern 
Menashe foothills - and UuL.Jt.astern Gilboa foothills, located 
close to the N-S" trending segments-· of the fa~t zone. 
Si~ificant clockwise rotation (aQgut 27°) was found in the 
~ - ----southeastern Carmel, next to the N-S trending segment of the 
Carmel border tBUi t. On the other hand, the areas of the 
northern Carmel, the Yizre' el valley, the Amir anticline and 
the Gilboa block adjacent to the SE-NW trending segments of 
the fault zone, showed statistically insignificant rotation 
about vertical axes. This complicated picture of distributed 
crustal deformation by rigid block rotation is interpreted as 
a result of the interaction between the left lateral movement 
on the fault system and the trend and geometry of each segment 
of the Carmel fault system. The timing of the deformation is 
estimated as Pliocene and younger and, therefore, 
kinematically related to the Dead Sea rift movements. 
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Sources of salinization in the Coastal Plain aquifer 

Yohanan Artzil, Avner Vengosh2, Aylon Adar l , Avner Ayalon3 

l. Desert Institute, Ben Gurion University, Sede Boqer, 
2. Hydrological Service, P.O. Box 6381, Jerusalem, 
3. Geological Survey, 30 Malchai Yisrael St., Jerusalem 

Groundwater quality in the Coastal Plain aquifer, in the area of Gedera, Yavne. and Giva't Brener, 

.has been impaired due to salinization processes along the eastern margins (salinity higher than 

1000 mgClIl), and also in internal areas of the aquifer, in the form of salt plumes (up to 750 

mgClIl). The salinity has been gradually increased although the rise in the water levels due to 

decrease in water exploitation in the last few years. 

The purpose of the present study is to identify the sources and the mechanisms of the salinization 

process. The study is based on utilization of archive (hydrological and chemical) data as well as 

new chemical and isotopic (stable isotopes of oxygen) analyses of groundwater from wells in the 

research area. 

Reconstruction of the salinity variations in the aquifer in the last 60 years indicates that saline 

plumes existed already during the 1930's. Salinity profiles, as measured during the 1960's, show 

a gradual increase of salinity with depth, reflecting contribution from underlying saline 
:---~----.-.::::..------------~~~-~'- .... ~'-"""~~ 

groundwater... ---

fhe brackish groundwater in the Coastal Plain aquifer are characterized by a Ca-chloride 

composition (low NaiCI ratio of 0.6, marine S04fCI, BICI, and BrlCI ratios) and 5180 values 

(range of -5%0 to -4%c) that are similar to those of uncontaminated regional groundwater in the 

Coastal Plain aquifer. These chemical and isotopic signatures are conspicuously different from 

those of sewage or treated sewage effluents (high 0 180 values, high NalCI, S04/Cl, and B/CI 

ratios, low BrlCI ratio) and thus ruling out the possibility of an anthropogenic source for 

salinization. 

Integration of the hydrological, chemical and isotopic data reveals that the main source of the 

grQundwater salinization in the research area is underlying, deep-seated natural saline groundwater 

of a marine origin (evaporated sea water that was modified by water-rock interactions). Brackish 

groundwater with similar chemical composition have been also identitied in different areas in the 

aquifer (e.g., Be'er Toviyya). The deep-seated saline water bodies are located in in a confined 

aquifer at the bottom of the aquifer or in conductive layers beneath the aquifer. 

In some wells anthropogenic signals has been identified, indicating groundwater contamination by 

sewage effluents. The contaminated wells correspond to relatively low salinity or even freshening 

trends with time. Consequently, irrigation with treated sewage effluents may reduce the salinity of 

groundwater, particularly in areas of natural salinization process. 

z 
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The Kuntila Lake - A Plio-Pleistocene Fresh-Water 

basin in the Upper Paran Drainage System. 

Avni, Y., 1.2 R()senfeld, A.,I Zaslavsky, N./ 

1 Geological Survey of Israel, 30 Malkhe Yisrael Street, 
95501 Jerusalem 

2. Ramon Science Center, P.O.B. 194,80600 Mizpe Ramon 
3 Giveo't Olam LTD, 10 Koresh Street, 94144 Jerusalem 

In the upper part of the Paran drainage system , over 35 m 
lacustrine sediments of marl, chalk and limestone, accumulated. 
This section is overlain and underlain by course fluviatile layers 
of the Arava Formation. The lacustrine sediments are exposed 
over 300 sq.km filling an erosive relief that developed after the 
deposition of the lower part of the Arava Formation. The beds 
contain faunal assemblages of gastropods, ostracodes, fish remains 
and charophites. The ostracodes assemblage includes: Cyprideis 
torosa, Cypridopsis aculeata, Cyprideis sp. and Condona 
neglecta. . 
The species Cypridopsis aculeata and Candona neglecta indicate a 
fresh water environment of deposition. The distribution of the 
ostracodes throughout the section indicates the existence of a 
continuos fresh -water lake for more than few ten of thousands 
years. The monospecific occurrence of C. torosa with many 
irregular pores at the lower exposed part of the section points to a 
hypersaline event. 
Simultaneously to the occurrence of the Kuntila Lake, some other 
lakes developed in the southern Negev and the Arava Valley. The 
largest lake existed on the present Arava Valley covering an area 
of more than 1000 sq. km. Some of these exposures occur in the 
Neqarot and Zin valleys and in the Mazar Height were described 
in previous articles as the Mazar Formation of Pliocene age. 
The occurrence of fresh water gastropods - mainly Melanopsis 
sp.- in parts of the lake sediments indicate that also the central 
Arava . lake was a fresh water basin; The development of fresh 
water bodies in the southern Negev and within the Arava Valley 
is an evidence of a humid phase prevailed during the Late 
Pliocene to the Early Pleistocene. 
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Late Quaternary Paleoclimate in the Eastern Mediterranean • 
Stable Isotope Systematics of Soreq Cave Speleothems. 

Ayalon,A.,l Dar.Matthews, M.,I, Kaufman.A. 2 

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

2Dept. of Environ. Sci, Weizmann Institute of Science, 76100 Rehovot 

Cave water in the Eastern Mediterranean semi-arid Climatic zone are 180 fractionated 

relative to concomitant rain waters (usually I to 1.5%. higher) and variations in 0180 
values reflect fluctuations in the amount of rainfall, wet/dry seasonal changes and 
evaporation processes in the epikarst zone. In a closed cave system. such as the Soreq cave. 
low magnesium calcite (LMC) is depositing in isotopic eqUilibrium from the cave water 

whose temperatures range from 18 to 220 C and their 0180 vary from -6.3 to -3.5%. 

(SMOW). The ol3C of dissolved C02 in waters vary from -15.6 to -5.4%. (PDB). These 
values reflect the contribution of the dolomitic host rock. soil-derived C02 with C3 type 

vegetation and processes of C02 degassing and carbonate precipitation. The 0180-0 l3C 

range of fossil speleothems dated from 25,000 to 7000 yr. BP differ from present-day range, 
and thus could not have deposited under present-day conditions. 

The time period between 25.ooO± 2.500 to 16,ooO±I,5oo yr. BP. known as the last 
glacial, is characterized by constant growth of many speleothems. whose growth habits of 
light-colored concentric laminae with large LMC crystals and low detrital components are 

indicative of deposition from slow. constantly dripping waler. Their 0180 and ol3C are 
relatively higb with values of -4 10 -2.5%0 and -11 to -7 %. (PDB) respectively and they 
are positively correlated. A model based on the present-day data suggests that their 

deposition temperatures were 12oC-180 C. waler composition -4.5 to -3%. (SMOW) and 
annual rainfall 200-450 mm. The soil was covered with both C3 and C4 type vegetation. 

The period between 16.000±I,500 to 1O.000±1.5oo yr BP is a period of global climatic 

changes. The Soreq Cave LMC speleotllems show a very sharp decrease of both 0180 and 

o 13C to values as low as -6%. and -13%. respectively but with very sharp isotopic 
fluctuations. Our model suggests that deposition of speleothems occurred at temperature 

range of 150 C to 190 C with water composition of -7 to -6%. (SMOW) and mean annual 
rainfall of 650 to 950 mm. The soil was covered with C3 type vegetation. 

During the time period of lO,ooo±l,500 10 7.ooO±l.2oo yr BP relatively small number 
of speleothems were formed and their growth rate is slower. They are characterized by thin. 

irregular, brown-reddish laminae and high concentration of detritus. Their low 0 180 

values of -7%. to -6%. coupled with the highest 0 l3C values of -7%. to -4%., suggest 
periods with heavy rainstonns which resulted in short residence time of water within the 

soil. Deposition temperatures ranged from 15.SoC to 20.50 C. with average water 
composition of -7.5 to -6.5%. (SMOW). and annual average precipitation was twice than 
present-day. Only during the lime period of 7.ooO±l,5oo yr DP to l,000±600 yr BP 
condiliuns hecome similar 10 present-day hut with short and sharp climatic llucluations. 
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A Gap in 1Jnderstandip~ the Geology of tbe SQuthern Coastal Plain of Israel 

Baker, S., 

The Israel National Oil Co. Ltd.,P.O.B. 50199, Tel Aviv 61500 

The Gevar'am "canyon" or "channel" is located in the Heletz field area, just east of the southern 
coastal plain ofIsrael. It was so named a quarter of a century ago by Z. Cohen, because to him the 
feature was formed by subaqueous erosion of the Jurassic shelf edge. Stratigraphic information 
gathered from the drilling of wells since that time has raised significant doubts about this erosive 
cause. A new conceptual model is hereby proposed for the development of the Gevar'am "gap", 
renamed to emphasize 1) its nature as a low area within an elongate ridge, and 2) its formation as 
a result of variations in aggradational deposition along the ridge. This new model provides an 
excellent fit with the stratigraphic profile from wells, with the structural profile of recently 
acquired dip-oriented seismic lines, with the coastal onlap curves developed in the last decade and 
with the current understanding of the regional geology. 

Recognition of the predominant role of the depositional cause for the Gevar' am gap strongly 
suggests that during the middle to upper Jurassic, a time of mostly transgressive and highstand 
sealevel, the carbonate shelf edge was building up essentially vertically with a sediment-starved 
basin to the northwest. Through lower relief parts of the resulting carbonate ridge, river system 
bypass during occasionallowstands in sealevel deposited ~'packages' of reservoir-grade sandston"es 
into the basin either as deltas, debris flows or turbidities, depending on the "shelf to basin" profile. 

Therefore, an understanding of the proper nature of formation of the Gevar' am gap not only 
allows for a better appreciation of the geology of the southern coastal plain ofIsrael, but also 
allows a better understanding of the potential reservoir traps for oil exploration purposes. 
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A geophysical survey in the Jamal Cave, Mount Cannel 

Beck, A. I, Weinstein-Evron, M 2. 

I The Institute for Petrolium Research and Geophysics, P.O.Box 2286; Holon 
58122. 
2 The Zinman Institute of Archaeology, University of Haifa, Haifa 31905. 

The Jamal Cave, the smallest of the Nahal Me'arot sites, contains Lower and 
Middle Palaeolithic remains within a hard breccia. Unlike the neighbouring 
caves, the excavation of which started in the late 1920's, the Jamal Cave has 
not been dug before. As a result, it has been possible to conduct a geophysical 
survey prior to the excavation of the site. Five radar sections were conducted. 
A long, diagonal SE-NW section and four shorter, E-W lines. The radar 
sections show clearly the inclination of the layers, mainly towards the north
west. A deepening of the layers at the north-central part of the cave is 
interpreted as a probable karstic swallow hole. A change in the inclination of 
the layers, from an eastern inclination in the deeper layers to a western 
inclination in the upper layers, may indicate a shift in the location of the 
swallow hole of the cave through time. There is a very good correspondance 
between the radar sections and those obtained through subsequent 
excavations, regarding both the general inclination of layers and the temporal 
changes in the location of the karstic structures. 
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Progressive Development of Flexural Slip from Multiple 
Slip Zones to a Single Detachment: an Example from the Ma 'ale 
Gerofit Outcrop, Southern Israel 

Becker, A. I, Gross, M. R.2, Guttieras-Alonso, G.3 

1 Ramon Science Center, The Jacob Blaustein Institute for Desert Research, 
Ben-Gurion University of the Negev, P. O. Box 194, Mizpe Ramon 80600, 
Israel. 
2Florida International University, Department of Geology, Miami, FL 
33199, USA 
3 

Progressive development of a system of bedding plane detachments can be observed 
in an outcrop of interbedded shales, dolostones, limestones, and gypsum beds situated along 
the western flank of the Dead Sea transform at Ma'ale Gerofit A combination of diverse 
lithology, variety of deformation textures, and continuous exposure for more than 260 m 
provide the opportunity to investigate the development of detachment faults in an extensional 
tectonic environment 

Bedding plane slip horizons are found at different scales, with a stratigraphic spacing 
of 10-80 cm between adjacent minor detachments, 2-5 m between intermediate detachments, 
and greater than 15 m separating major detachment zones. Intensity of deformation is most 
apparent in green shales containing bed-parallel gypsum veins, with textures including 
undeformed shale, sigmoidal veins at low angles to bedding, planar foliation with boudined 
veins, and mylonitized gypsum veins. The wide range of deformation textures allowed us to 
map the relative intensity of deformation throughout the section, which consists of 74 
mechanical layers. The entire outcrop contains a series of rotated blocks bounded laterally by 
normal faults and bounded above and below by bedding plane slip zones. The normal faults 
all dip to the west, and the blocks were rotated around a horizontal axis, consistent with top 
to the west kinematic indicators found in the shales. Block rotation occurs at three different 
scales, with block height corresponding precisely to the stratigraphic spacing found between 
minor, intermediate, and major slip horizons. 

Outcrop observations show that slip initially occurred along numerous bedding plane 
horizons within the section. As simple shear continued, normal faulting and block rotation 
ensued in the more brittle layers. These fault-bounded blocks subsequently prevented further 
slip from occurring, and consequently bedding plane slip was transferred from these regions 
to bounding zones above and below the blocks. Slip thus became concentrated along fewer 
horizons, and as the size of the rotating blocks increased. the spacing between active 
detachments increased in corresponding fashion. Thus, rigid block rotation due to bedding 
plane slip provided the mechanism for transferring displacement from multiple bed-parallel 
horizons to several widely spaced major detachments. 
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Zircon Crystals and Heavy Mineral Assemblages of the Cretaceous 
Sandstones of the Makhtesh Ramon Area: Are They Entirely 
Redeposited from the Underlying Sandstones or Renect an 
Additional Supplies of Clastic Material from New Sourcerocks? 
Becker, N., Becker, A. . 
Ramon Science Center, , The Jacob Blaustein Institute for Desert Research, 
Ben-Gurion University of the Negev, P. O. Box 194, Mizpe Ramon 80600, 
Israel. 

Zircon assemblages and the assemblages of transparent heavy minerals of quartz 
arenites vary significantly across the Cretaceous section of the Makhtesh Ramon area. The 
main changes in zircon assemblages occurred at contacts between the Lower and the Upper 
Members of the Hatira Fonnation (at the level ofbasanitic volcanism), and between the 
Hatira and the Ora Fonnations. The origin of clastic material of the Mesozoic sandstones 
may be explained by a sequential redeposition from the underlying sandstones, or by a 
combination of such redeposition with supply of new clastic material from crystalline 
sourcerocks. The following data suggest that the change in the heavy mineral assemblages 
was due to change in sourcerocks: 

I. Zircon-tounnaline-rutile index (ZTR) of the quartz arenites is decreased upward The ZTR 
index is a measure of rock maturity showing combined percentage of stable minerals (zircon, 
tounnaline and rutile) among the transparent heavy minerals omitting micas and authigenic 
species. Thus, the observed decrease in ZTR index upsection mdicates on the additional 
supply of clastic material. This decrease of ZTR index was mainly due to the increase 
upsection of the amount of columnar apatite and sphene. Presence in the Cretaceous 
sandstones of such unstable minerals as garnet and pyroxene also support the conclusion of 
an additional clastic material supply. 

2. Consistent increase of tounnaline upsection and simultaneous decrease of zircon have been 
observed among the most stable heavy minerals. Zircon is known as the more stable mineral 
in relation to tourmaline. Therefore, this fact suggests appearance of less stable mineral . 
parageneses in younger strata. 

3. Results of the Thermal-lon-Emission Pb206_Pb207 analyses of clastic zircons show that the 
zircon supply to the Lower Member of the Hatira Fonnation was from much younger rocks 
than that to the Ora and the Ghareb Fonnations. The oldest "age" of the zircon mixture was 
obtained from the last two fonnations (1600 ::tIS MA), whereas the youngest "age" of the 
zircon mixture (1055,:!:15) was obtained from the zircons of the sandstone layers in the Arod 
Conglomerate. 
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STRUCTURE AND TECTONIC EVOLUTION OF THE GULF OF ELAT 

Zvi Ben-Avraham 

Department of Geophysics and Planetary Sciences 

Tel Aviv University. Tel Aviv 69978. Israel 

Marine geophysical and geological studies of the Gulf of Elat provide much 

information about its shallow and deep crustal structure and about the tectonic 

processes which take place in this area. These studies include bathymetry. bottom 

photographs. continuous seismic profiles. seismic refraction. magnetics. heat flow 

and coring. 

The geophysical data indicate that the Gulf of Elat is divided into three distinct 

segments. northern. central and southern. on the basis of shallow and deep 

structures. The shallow structure is dominated by the presence of grabens. mostly 

asymmetric. They are interpreted as pull-apart basins formed by the horizontal 

motion on faults which are strands of the Dead Sea transform. In the northern and 

southern basins only one of the longitudinal faults is a strike-slip fault. while the 

other is predominantly normal fault. In the central basin both faults are strike-slip 

and are arranged en echelon. This part is the narrowest yet the deepest in the Gulf 

of Elat and is currently most active. The seafloor is very disturbed in this area and 

active faulting can be seen in bottom photographs. 

Systematic changes in the deep crustal structure take place along the length of 

the Gulf of Elat as indicated by the heat flow. gravity. magnetics and seismic 

refraction data. These changes reflects more advanced rifting activity in the 

southern portion of the Gulf of Elat. This advanced rifting activity propagates 

northward. The edge of propagation is located below the Aragonese Deep which 

forms the deepest part of the central basin. In this place the recent seismic activity 

took place. 
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PLIOCENE TECTONIC EVENTS IN THE CONTINENTAL MARGIN 

OF CENTRAL ISRAEL 

Y. Ben-Gail • Z. Ben-Avraham 2 and B. Buchbinder 3 

1 The Institute for Petroleum Research & Geophysics. Holon. 
2 Department of Geophysics, Tel-Aviv University. 
3 Geological Survey of Israel, Jerusalem. 

Tectonic and stratigraphic evolution of the coastal plain, 
shelf and slope in central Israel during the Pliocene was 
studied using seismic cross-sections and well logs. Dating of 
seismic and electric markers is based mainly on correlation of 
local stratigraphic sequences with a global eustatic curve. 

The continental margin was characterized by a relatively 
high rate of total subsidence and accumulation of large 
quantities of early Pliocene siliciclastic, Nile-derived 
sediments. Aggradation of sediments . in the landward part of 
the basin resulted in starvation of the deep basin. This 
pattern changed approximately 3 m.y. ago when subsidence rates 
decreased in the coastal plain. forcing the influxed sediments 
to prograde basinward and build the thick Plio-Pleistocene 
sedimentary prism under the present shelf and slope. This 
process has intensified since the late Pliocene during which 
the base of the slope has been subsiding much faster than the 
surrounding areas. creating a large accommodation space. 

The late Pliocene also marks the onset of additional 
tectonic features: compressional thrusting was observed in the 
deep basin offshore Atlit and also in the Kefar Vitkin area in 
the coastal plain. This phase was short-lived since the 
overlying seismic reflectors are undisturbed. A tensional 
feature was observed in the Ashdod area in the coastal plain 
in the form of a 2km wide down-thrown block. Based on the 
eustatic curve. the onset of this feature occurred 
approximately 2 m.y. ago. Unlike the compressional features to 
the north, the Ashdod Disturbance may still be active. 
Furthermore, the location of this structure is in alignment 
wi th the offshore southern boundary. of the Palmahim 
Disturbance which is seismically active. These tectonic 
features are probably the result of a change in plate motion 
which also affected other parts of the Mediterranean region. 
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Stability prediction of underground openings in jointed cl1alky 
rock - a case study. 

R. Benary and Y. Hatzor - Geology Oep., Ben-Gurion university, Beer-Sheva. 

In Tel Beer Sheva, which is located on a shallow ridge between Beer sheva wadi and 
Hebron wadi, an ancient underground water system - dated back to approx. 3000 
years ago - was found . The water system includes an underground tunnel which 
crosses beneath the ancient city wall, and supplies the water from Hebron wadi to 
the water system, 4 water storage rooms which join together in the central space of 
the system, and a stairway sorrounded by massive retainning walls, which leads 
from the top of the ancient city down to the water system. 

The stratigraphic cross section within this area includes Eocene layerd stiff chalk, 
interbedded with soft marly chalk. The characteristic layer thickness is 30-80 cm. 
The Uniaxial compresive strength of the stiff chalk is 12 MPa. Four joint sets were 
defined in this rock mass, creating a jointed blocky mass. The characteristic spacing 
between neighbored joints is 20-50 cm. The friction angle along the joints planes is at 
least 40°. According to test drill holes the thickness of the rock above the system 
ceiling is in the range of 2.5-4.0 m. A Conglomerate sequence is overlying·the chalk 
in erosional unconfonnity. The conglomerate contains rounded and angular pebbels 
of limestone and chert. The top of the stratigraphic sequence is comprised of 2-3 m' 
of archaeological layers. 

An accurate mapping of the joint sets and the topographic profile of the ceiling was 
prefonned. This mapping includes photos, scanlines and joint strike measurements. 
(the amount of dip has minor importants, since it is usually greater then 80°). As a 
result of the mapping, the ceiling was divided into 5 radial zones of equal topographic 
levels. The lower outer zone (zone 1) represents the original mininig level while ,the 
upper inner zone (zone 5) represents the top of the ceiling after the collapse and the 
fonnation of a dome shape structure. 

In.order to estimate the roof stability, some parameters were checked according to 
conventional rock engineering mehods. 

The rock mass quality according the Q system is in the aproximate order of 1. In the 
R.M.R method the value is 42. These values are well fitted to the correlation function 
between the two methods. 

Stabilty analysis according to the Voussoir beam theory, indicates that the factor of 
safety against failure in compression or buckling mode is suffiCiently high, but is 
marginal for shear failure across the contact between the roof and the side walls. 

Block theory analySis, indicates there are removable blocks. In fact the roof is 
comprised of a system of removable blocks having a "falling" mode. The blocks are 
kept in place probably because of arching stresses that are transmitted through the 
hOriZontal roof layers. 

An important test for the stability was the earthquake which tookplace during 
november 1995. In a survey which was prefonned a shortwhile after the event, inside 
the cistern, only few falls of some small blocks were observed, with no progressive 
block failures. It seems that the blocks remained locked in the rock mass structure. 

Inspite of the general stability of the system in its present condition, there is still a 
possibility for local failures of small blocks. The intention to open the cistern for 
visitors requires adequate design of a support system which will ensure the overall 
stability of the roof, yet will allow the visitors to observe the rock. 
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The high grade metamorphic rocks of the Belhat and Gedem ranges, 

eastern Eritrea 

M. Beyth 

Geological Survey of Israel, Jerusalem 

The southern parts of the Belhat and Ghedem ranges, south of Massawa, are composed of 

Neoproterozoic off- white garnet-biotite-muscovite-gneisses which were intruded by mafic dykes 

and sills metamorphosed to amphibolite grade. The amphibolites form dark green distinctive 

"beds" up to 20 m thick, parallel to the foliation of the gneiss. The assemblage garnet-cordierite 

was identified in an amphibolite close to its contact with the gneiss. The northern parts of the 

Belhat and Ghedem schists are composed of kyanite-staurolite-garnet (almandine)-amphibole

biotite paraschist with a dark-green color. They are predominantly meta-pelitic, well bedded and 

exhibit cross-bedding. The diameter of the garnets and the size of the elongated kyanite crystals 

amount to several centimeters. Foliation is mostly parallel to bedding, striking northeast and 

dipping westward, approximately opposite to that of the gneiss. At 700°C kyanite is stable at 7 to 

8 Kbar or more, according to Holdaway (1971). The P-T conditions of the orthogneiss were 

calculated from the chemistry of two mineral pairs; 1. amphibole/plagioclase according to 

Holland and Blundy· (1994); 2. garnetlbiotite according to Ferry and Spear (1978). At 7 kbars 

according to the first method with the presence of quartz the temperature was 714 to 721°C. 

Using the second method a similar temperature was calculated, under the same pressure, for the 

core and the rim of the almandine garnet; 734:- 692°C for the core and 642 to 639°C for the rim, 

indicating retrograde re-equilibrium. The presence of garnet-amphibole with large garnet 

porphyroblasts (-1 cm), partly rotated, also indicates high grade conditions. No severe retrograde 

metamorphism was identified, except for chlorite in one sample; the high grade metamorphic 

minerals are mostly unaltered. 

This metamorphic assemblage presents one of the highest metamorphic grades reported from the 

Arabian Nubian Shield. 
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The age of the Quartz monzodiorite, the youngest plutonic intrusion in 

the Timna Igneous complex 

M. Beythl and T. Reichman1 

I-Geological Suvey of Israel, Jerusalem. 

2-Max Planck Institute fur Chemie, Mainz. 

The Timna igneous complex (TIC) consists of five major plutonic and various hypabyssal 

lithologies. At 610 Ma mantle derived monzodioritic magma intruded the porphyritic 

granite (625 Ma age) forming a stratified magmatic cell. Fractionation of this mafic 

magma produced alkali granite and cumulates of olivine norite. 

A younger quartz monzodiorite which contain xenoliths of all previously mentioned 

plutonic rocks was mapped at the centrer of the TIC (Shpitzer et al. 1992). This intrusion 

is younger than a N-S hypabyssal, rhyolite/andesite dyke phase but older than a ENE 

striking dyke phase which were dated in Egypt as 590 Ma (Stem and Voegeli, 1987). 

According to a modal analysis this monzodiorite has an affinity to granodiorite as 

suggested by ·the Streckeisen diagram. 

Age determination of the quartz monzodiorite was performed by single zircon 207Pbl2o6Pb 

evaporation analyses, a technique that followed Kober (1986, 1987). The zircons 

separates are euhedral with a long prismatic habitus, typical for zircons of igneous origin. 

They are clear and slightly yellow or pink in color. Fourteen of the selected grains yield 

an average age of 599.3 ±2.0 Ma, which iS,interpreted as the age of the intrusion. This age 

fits well into the general frame of the TIC and implies that the quartz monzodiorite is the 

youngest plutonic phase. 

One older grain of 732.5 Ma was identified which is interpreted as inherited grain from 

the older crust which the magma passed through. 
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Dynamics of litter pollution on Israeli 
Mediterranean beaches a budgetary, 
litter flux approach 

D. BOWMAN I, N. MANOR-SAMSONOV 1 and A. GOLIK2 

1 Department of Geography and Environmental development, Ben
Gurion University of the Negev, P.O. Box 653, Beer Sheva 84105, 
Israel 

2 Israel Oceanographic and Limnological Research, National 
Institute of Oceanography, P.O .Box 8030, Haifa 31080, Israel. 

The dynamic behavior of litter was followed on Israeli 
beaches along with an examination of the impact of the 
coastal geomorphology as the main controlling factor. 

Six prototype sampling beaches of different morphology 
were selected. The position, number, composition and 
nature of all the litter pieces, within a 50 m beach front, 
were recorded. The strips of litter-concentration were 
demarcated and their movement was mapped along shore
normal transects. The level of weathering and burial of the 
litter in the sand was defined. All items were tagged in situ, 
in each beach strip by a different color. Litter movement 
through the beach was traced and the residence time and 
the turnover period were calculated. These sampling 
procedures enabled to define inflow, outflow, transfer, 
storage, reemergence of buried litter and contributed to 
calculate the litter budget at each site. 

Coastal vulnerability to litter pollution seems to be 
controlled by the geomorphology of the beaches, with beach 
porosity, beach width and ridge and runnel morphology as 
the dominating factors. The narrower the beach the higher 
the litter flux. The data indicate high mobility of the litter. 
The Israeli coast is a transfer route for the litter which 
migrates along the beaches and seems finally to bypass. 
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The isotopic composition of nitrogen and sulfur as an indication of the sources 
of anomalous concentrations of sulfate and nitrate in En Hardi. 

Burg. A .• t.2 Heaton. T .• l Spiro. B} Katz. A .. ' Starinsky. A .• ' Bein. A.' 

I Institute of Earth Sciences. The Hebrew University. Jerusalem 91904 
2 Geological Survey of Israel. 30 Malkhe Israel St.. Jerusalem 9550 I 
3 NERC Isotope Geosciences Laboratory. Keyworth. Nottingham. U.K. NGll SGG 

En Bardi is a perennial spring which emerges on the western slope of Gush Halav Wadi in the 
upper Galilee. The recharge area is limited and consists mainly of bituminous chalks and clayey 
chalks of the En Zetim. Ghareb and Taqiye fms. The sulfate and the nitrate concentrations in En 
Bardi are in the ranges of 26-48 mgll and 27-110 mgll. respectively. These concentrations are 
anomalously high compared to adjacent dolomitic springs (less than 19 and 21 mgll. 
respectively). Variations of sulfate and nitrate concentrations with time are similar (Fig I): both 
increase gradually during summer as the discharge decreases and are minimal during winter. at 
highest discharge. However. at the beginning of winter. when discharge first increases. the 
nitrate concentration increases abruptly. 

In order to understand the anomalous concentrations. the isotopic compositions of SUlfur and 
nitrogen in the sulfate and the nitrate in En Bardi and in the water soluble fraction of the 
bituminous rock were analysed. 

The isotopic composition of N in the nitrate in En Bardi (0":-1= +7.2- +9.00.",) is significantly 
higher than that in the adjacent dolomitic springs (+3.3- +4.8~ .. ). The former values indicate a 
sewage contribution. which probably originates from septic tanks in the village of Jish situated 
along the southern edge of the recharge area. The data plot well along a mixing line (Fig 2) 
between natural source (nitrification of organic matter in the soil. represented by the adjacent 
dolomitic springs) and anthropogenic source (sewage). The maximum contribution of 
anthropogenic nitrate in En Bardi (90%) occur at the beginning of the winter as the discharge-first 
increases. 

The isotopic composition of S in the sulfate in the dolomitic springs (0"5= +5.7- + 10.8",.) is 
similar to the composition in rain water. The 0"5 values measured in En Bardi (-2.5- -8.7· .... ,) are. 
however. significantly lower. It is proposed that this composition results from the oxidation to 
sulfate of organic matter and pyrite which are common in the chalks of the recharge area. This 
sulfate. with negative /i"S values. is easily flushed to the groundwater. The o"s value of the water 
soluble fraction of the bituminous rock was found to be about -15~, •. The soluble sulfur is less 
than 6% of the total sulfur in the rock. 

The annual fluctuations in the sulfate and nitrate concentrations are due to changes in their 
availability for flushing. At the onset of winter. some of the natural nitrate and sulfate thal 
·aecumulated in the upper soil since the end of the previous winter. and a fair amount of the 
anthrop~enk nitrate and organic sulfate thaI accumulated in the unsaturated zone. are flushed to 
the groundwater. The rapid flushing of highly soluble nitrate salts causes the abrupt increase in 
the nitrate concentration. During the rest of the winter. the natural sources become slightly more 
domi'nant whereas the concentrations decrease due to dilution bv rain waler and the decrease in 
the availability of the anthropogenic nitrate and organic sulfate: 

6 : Ein Bardi 

5 : 

o 

.: ~. 
: ~~, 

1 .: 0 dolomitic springs 
: 0 

20 40 60 80 100 120 

NO, (mg/I) 

discharge (lit/mIn) 
concentration 

(mgtl) 

100 1 

101 

lS 

>0 , 
~ 160 

- .->0 

;: 

: •• \'·'.·O"·"" ••• ·' •. ~.,·:·.:~ 
II CI I' "I I: "I 

1992 
date 

199] 1994 



Israel Geological Society Annual Meeting, 1996 

Correlation between surface and sub-surface structures 
at the Holocene fan-delta of Nahal Darga Dead Sea 

Cadan, G.l, Bruner, 1.2, Eyal, Y.l, Enzel, V.3 and Landa, V.2 

1 Dept. of Geology, Ben-Gurion University of the Negev, Beer
Sheva 84105 

2 The Institute for Petroleum and Geophysics, P.O.B. 2286, 
Rolon 58122 

3 Institute of Earth Sciences, The Hebrew University of 
Jerusalem, Jerusalem 91904 

We compare surface and subsurface structural information from the Holocene 
fan~delta of Nahal Darga. This fan delta is comprised of lacustrine beds such 
as silt, clay and fine sand, and of fluvial beds consisting of boulders, cobbles, 
pebbles, and coarse sand. The two stratigraphic sections measured at the walls 
of the Darga channel range, from 10,000 years B.P. to the present, according 
to twenty radio carbon ages. The fan-delta sequence was deposited in a 
dynamic environment, and is characterized by many facies changes and 
erosional unconformities. 
Four deformation types were found in this section: 1. Two zones of NNE 
striking normal faults with displacements ranging from a few cm up to 2 m. 
The displacement along the faults occurred in single to multiple events and is 
either limited to a few beds or involves the entire exposure. 2. Deformation 
due to liquefaction, limited to a single bed, with various styles of 
deformations, depending on grain size. Ten beds exhibiting this phenomenon, 
which we attribute to earthquake events, are present in the section. 3. Slumps, 
several slumps, stratigraphically limited to a few beds, were found along a 
strip of about hundred meters. The trend of the slumping is also NNE. 4. 
Minor local folding. 
Five shallow high resolution seismic profiles measured parallel to and across 
the active fan-delta channel show continuity between surface and sub-surface 
structures. A large fault which crosses the entire exposed section in the 
northern wall of the Darga channel continues to at least a few hundreds of 
meters in the sub-surface. The sub-surface faults determined in the seismic 
profiles are also arranged in two zones, and their strikes are parallel to those 
exposed at the surface. Normal and reverse faults, arranged in -a "flower 
structure" were found below the zone of the slumps. We suggest that the 
slumps and "flower structures" are tectonically induced, and may indicate, left
lateral faulting at this location. The observed sequence in the seismic profiles is 
similar to the exposed one and reveals dynamic changes and many 
unconformities. 
A large unconformity determined at about 200 m below the Dead-Sea level, is 
probably the boundary between Pleistocene and Holocene deposits. The 
extension of this unconformity is exposed west of the Dead-Sea coastal road. 
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FLUID INFILTRATION DURING RETROGRADE METAMORPHISM 
AND SHEARING OF IGNEOUS DYKES (ELAT METAMORPHIC 
COMPLEX, ISRAEL). 

Cohen, B.,1 ,2 Matthews, A.l, Bar-Matthews, M.2, Ayalon, A.2· 

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

Metamorphosed schistose basaltic to andesitic dykes occur within Precambrian (pan
African) high-grade metamorphic rocks, Elat, Sinai, Israel. The metamorphism converted 
the igneous dykes to Upper Greenschist-facies rocks, and thus involved hydration reactions. 
This work explores the relation between the metamorphism of the dykes, the fluids that 
infiltrated the dykes during their metamorphism, and deformation that resulted in the 
development of prominent ductile shear zones at the contacts between the dykes and the 
adjacent country rocks. The study was based on the construction of petrographic, chemical 
and d 180 profiles across a 4m wide dyke and the granite gneiss host rocks on either side. 
The petrographic studies show that despite metamorphism and deformation, the dyke 
preserved many textural attributes of its original igneous fabric, whereas the granite gneiss 
developed strong linear fabrics at the contact with the dyke. The dykes also preserved their 
original igneous chemistry, whereas the granite gneiss shows evidence of element 
mobilization (e.g., leaching of potassium near the contacts). 
dlSo values of quartz separates from the dykes are uniform and average at 13.5%0. These 
'dyke values' are also found in the granite gneiss at the contact before smooth drops occur to 
lower d 180 values ( 12.2%0 at one contact and 12.8%0 at the other) that are characteristic of 
the granite gneiss. The isotopic profiles were fit using a one-dimensional transport equation 
involving advective and diffusion components. Calculations at one contact indicate that 
a,dvective penetration of solutions from the dyke into the granite gneiss occurred to a depth 
of O.66m. A similar calculation at the other contact gave a distance of O.8m. 
Temperatures in the metamorphosed dyke calculated from the 0 18/0 16 fractionations 
between quartz and biotite are about 500-5500C. Similar quartz-biotite temperatures were 
found in the granite gneiss up to 1.2m from the contact. Further away, the temperatures in 
the granite gneiss gradually rise to 700-8000C. The similarity between the temperatures of 
the granite gneiss near the contact and those of the metamorphosed dyke is considered to 
represent the isotopic equilibration of minerals induced by the infiltration of fluids into the 
granite gneiss during the metamorphism. 
The research shows that metamorphism of the dyke was accompanied by fluid infiltration 
and that a component of this fluid penetrated into the adjacent granite gneiss and reset 
isotopic compositions in a narrow boundary zone. The fluid penetration evidently was 
critical to the development of highly sheared fabrics in the contact zone. From the point of 
view of the regional geological history of Pan African metamorphism in the Ambo-Nubian 
massif, the temperatures of 500-5500C for the metamorphism of the dyke are lower than 
the peak regional metamorphic temperatures attained in their host rocks, and point to a 
retrograde event. 
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SEQUENCE STRATIGRAPHIC INTERPRETATIONS AND MODELING 

IN THE SOUTHERN DEAD SEA AND THE PANNONIAN BASIN OF HUNGARY -

A COMPARATIVE STUDY 

I. Csato. C.G.St.C. Kendall and G.H. Baum 
Dept. of Geological Sciences. University of South Carolina 

Columbia. S. Carolina. U.S.A. 

Sequence stratigraphic interpretations of seismic data 
integrated with computer modeling demonstrate that the 
sedimentary fill in the southem Dead Sea basin is controlled 
by high rates of subsidence. salt tectonics, multiple sediment 
supply and lake-level fluctuations. 

Nine third-order unconformities have been defined and 
correlated with eustatic changes. Stratigraphic modeling 
revealed that, were the subsidence linear, the lake-level 
falls would be delayed by 0.2-0.5 Ma relative to eustatic 
falls. Fan deltas enter the basin at the southem and northern 
ends of the graben, while salt and lacustrine offshore 
sediments accumulated in the interior. The southem and 
northem lacustrine systems interfinger in a mixing zone which 
changes position as a function of lake-level variations. The 
advance of the northem system was accompanied by lake-level 
falls, while lake-level rises favored an influx from the 
southem system. The northem sedimentary system gradually 
became more dominant. 

There are two distinct stages in the evolution of the 
Pannonian basin: a syn-rift period in the middle Miocene and a 
post-rift period in the upper Miocene Quatemary. The 
separation of the basin from the sea occurred after the end of 
the syn-rift phase. A significant lake-level fall. coeval with 
the Messinian desiccation, produced a basinward unconformity. 
Unlike the Dead Sea graben, the Pannonian basin is a radial 
extensional setting. Stratigraphic architectural pattems in 
the Pannonian basin were formed by highly differential 
subsidence, multiple sediment supply, changes in sediment 
transport directions and lake-level changes. Two major delta 
systems advancing from the northwest and northeast filled the 
basin. 

Interfingering facies associations, pinch-out zones, buried 
fan deltas and local valley fills could be hydrocarbon 
exploration targets in both basins. Further sequence 
stratigraphic analysis and modeling may provide more accurate 
reconstruction of the sedimentary history and facies trap 
prediction. 
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New Methodology for the Investigation of Flow and Transport Processes 
Through Fractures in the Vadose Zone 

Dahan, 0./ Nativ, R.,1 Adar, E.,l Berkowits, B.,l 

1. The Seagram Center for Soil and Water Sciences, The Hebrew University of Jerusalem, 
Rehovot 76100 

1.Institute for Desert Research, Ben-Gurion University of the Negev, Sede Boqer 84990 
3.Department of Environmental Sciences and Energy Research, Weizmann Institute of 

Science, Rehovot 76100 

Water flow and solute migration through fractures in the subsurface constitute an important 
process affecting contaminant distribution in groundwater. In the last decade, much effort has been 
dedicated to investigating flow mechanisms through fractured systems. The saturated domain of 
fractured media has been investigated intensively worldwide, and progress in the scope of 
preferential flow through this domain has been made. However, hydrology and the flow behavior in 
the unsaturated fractured zone, which links water and pollution sources on the surface to 
groundwater are not yet well understood. Most theoretical models describing flow mechanisms in 
this medium are based on soil-physics theory, and laboratory observations on artificial fractures. The 
models suffer from a lack of information on flow behavior in natural undisturbed fractures, which is 
essential to establishing any comprehensive prediction model 

This study focuses on the drainage of water and pollutants from surface ponds to the 
groundwater through fractures in the vadose zone. The first stage of this research was to develop 
technical means of providing information about the flow and transport regime in undisturbed, 
discrete fractures in situ. The experimental instruments had to be planned for a scale of several 
meters, Iarg!=l" than any conceivable laboratory experiment. The experimental setup consists of three 
major technical systems: 
(a) A compartmental pond installed along an exposed discrete fracture: each 25-cm long 

compartment of the pond is connected to a different solution source, marked with a different 
tracer. The water head is controlled in each compartment. Thus, the exposed fracture is fed by a 
different tracer for each fracture segment along its opening. 

(b) A compartmental sampler, divided into 20-em compartments, installed in a large-diameter (25-
em), horizontal borehole, beneath the compartmental ponds. The borehole was bored along a 
fracture plane, exposing the fracture all along the upper part of the borehole. Thus, anyeftluent 
draining from a particular fracture segment is collected by a particular cell of the sampler. 

( c) The samples accumulating in the different cells along the sampler are frequently drained by a 
collection system into separate sampling vessels. 

This experimental setup enables the percolation of various tracers under controlled heads, at 
different locations along an exposed fracture. It further enables the collection of samples of traced 
eftluents chaining from different fracture segments in the borehole beneath the ponds. Quantitative 
analysis of flow rate and relative tracer concentrations in each section, under various water heads in 
the ponds above, will provide important information about flow rates, flow paths and chemical 
evolution of the solutions draining down through the fractures. This information will be used to 
assess flow patterns, and to establish a flow model based on data from field experiments . 
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Spontaneous Oxidation of Elementary Sulphur 

Deutsch, Y. Yechieli, Y. 

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

Elementary sulphur is well known as an inert element whose water solubility is negligible. At 
"room temperature" its reaction with other compounds is small, so one does not expect it to 
be an ecological danger. While working at a site for open sulphur storage, we noticed that 

where sulphur was spilled, the soil was sometimes strongly acid and gypsum (CaS04"2H20) 
was detected, its origin being, almost certainly the native sulphur. The question arises, what 
is the mechanism that oxidizes the elemental So to S-Hl (S+4?). To investigate this problem, 
numerous samples of soil, mostly sand, part of them contaminated by sulphur, were 
gathered. The acidity (pH) of 23 samples was measured periodically after addition of 
deionizied water, starting at the moment of water addition until more than 150 days. The 
experimental results points to several phenomena: 
1. The pH of aU the samples without sulphur contamination, remained higher than 7, even 

after more than 150 days. 
2. The acidity of aU the samples containing sulphur, dropped to a pH lower than pH-7, 

sometimes even lower than 2. The pH decreased to a constant value from 10 to 80 days 
after the water addition. 

3. In some samples, the acidity increased, toward alkaline pH values after decreasing 
(remaining acid nevertheless). In these samples a strong sulfide (H2S) odour was noticed 
and the samples turned black. 

Conclusions; 
1. In an acid environment, three (four?) sulphur compounds: So, S04- - (SO]- -?), H2S, 

may exist. 
2. In the presence of water at "room temperature", elementary sulphur SO oxidizes 

spontaneously to S04- - (SO] -r) while lowering the pH. 
3. S04-- converts directly to H2S. The back reaction may occur as well 
4. No direct reduction of elementary sulphur, So, to H2S was observed. The mechanism 

proposed is the following: at first oxidation of the sulphur to sulphate and only then 
reduction of the sulphate to the sulfide state. 

5. The sulphuric acid, H2S04, produced by the oxidation of sulphur and reaction with 
water, digests the CaCO] (mollusk shells) while depositing gypsum. 

It is reasonable to assume that the reactions occurring at room temperature, oxidation of 
elementary sulphur and the reduction of sulphate to sulfide, in the presence of water, are not 
"pure" chemical reactions. We suppose that the oxidizing occurs with the aid of bacteria, 
Thiobacillus, and the reduction with aid of sulphate reduction bacteria. An indication for a 
biogenic mechanism can be deduced from the fact that in underground native sulphur 
deposits, where no bacteria exist, the sulphur remains elementary for long periods. If the 
oxidizing mechanism is mainly chemical, this sulphur would oxidize. 
The present work shows that elementary sulphur is a potential pollutant to the environment. 
The pollution is expressed in the production of sulphuric acid, gypsum and sulfides. 
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THE GEROFIT FLORA AND :::TS CONNECTIONS WITH COEVAL FLORAS 

t.A.Dobruskina 
Hebrew University of Jerusalem, Givat Ram 91904, Jerusalem, ~srael 

Imprints of fossil plants occur!~ the Jpper Me~~,r of th~ 
~arl:· Tu:;,.-ot&ia"l c~-~ Shal~:. FIn. in ~t G~!'c!::.t v.3.1l.e:i ar.'.! Q~tu!:"."l 

''''=:l-=~it 4.: krr. tc; th~ ilc.rtr. {~...;rch, 1'=)~5~. T.·., ~::;tht?r lccal!.ties cf 
T~ron~~~ ag~ provlde~ only mineralized fossil ~tem3: Masshabe Sad~h 
in the northern Neg.v (Avni ~ Sass, 19871 and B~er Ora not far from 
Ei lat (Bartov, 1967). Only two other Upp.H '-:l-e-taceous plant 
loca!ities have been described in the Middle East, in central 
Lebanon (Dilcher & Basson, 1990) and in southern Jardan (Bender & 
Madler, 1969). 

The Gerofit flora may be considered as STANDARD flora because 
it occurs in marine deposits with ammonites and bivalves (Freund, 
1962; Fre-und & Raab, 1969) and connects plant-bearing beds with th,,· 
International Geochronological Scale (Dobruskina. 1980. 1994). 

The Gerofit collection consists of more than 300 i~prlnts of 
fossils leaves, twigs, stems and fru,:tifi-:-ations and Qetu:.-: 
collection contains of 75 similar imprints. Tho? m~in part. ':If leavo?: 
consist!; c.f angiosperm5. Among th,",m ar~ foll.:,wing taxa: Nympha.;..; 
mesozoica sp. nov., Nelumbites tenuinervis (Font.) Berry, 
Menispermites ? sp. Viburniphyllum sp. Platanus ? sp .• 
Magnoliaephyllum palaeocretacicus (Sap.), Magnoliaephyllurr. 
lusitanicum Teixeira, Debeya grofitica sp. nov., Archaecvper~ 

lorchii Krassil. If the majority of st.;.ms and roots ~lso belongs tc 
angiosperms, angiosperms constitute 951 of the whole flora. There 
are also horsetails (sevo:.>ral imprints of stenls a:d a d!3~1-agml. 

conifers of Brachyphyllum type (thro:e small twigsl, and perhaps 
farns. If we exclude from ·j'.:t· calculClti·:ms stem= and rj·;,\:".3 -,f 
unknown affinity t~e most at~ndant taxa in the Gerofit ~o11~rtior 
are the narrow-leaved tr~"':. ~.;tp,;n.:.l i.;\ehyllum and Do:-beva. L.:-s:. 
abundant are tho:- water plants NymF·h~ea and NelumbitO:-5 an·] w':'-je!. 
leaves _ of small t.re.;.s ,:.r shl~\lbs 'JiburniphylllJm and 11-:.no3. 
!'f.snisnermi':.e;. Pldty~hyllQ'.ls 10:al1es, pc.ssibly ·jf Platanoid_ 
constit.ute 4" of the imprints. The Ger.)fit pl.'int a:;;emblage r.?fl.;.-,:-t' 
deJ;.osit.i ... m in a big freshwater lake. Tho:- "ater plants Nvmphao?J. and 
Nelumbites were floating in t.he water, small trees and ~.hrur.~ 
o~.c~p'!~c!-\o!ide spaces of banks togethe:- wi t.h horsetai ls, and bi j 
trees wi th_f>latyphyll,:.u·; 1.".a'/I:!··3 ~ro:.>w. farth,",r fr.:·w t.hoa' lake, perh<'i::; 
on the hi11rtci:gether with ,:onifers. 

The Ceref:'':. f1.:.r.3. r.a; scme ':.axa : - ::cmm·:-.:-, 
-:!-.;:.ta;:--t?.:JI::;' fl·:.r::.= .:,.£ ti':-:- n_.!·ti·~!"'n ':ah::·1.'';'- _~ th,:, T~t:~:i:- .3.n·.:l ;',)ITItF: '#I:"I.!-;. 
::;:le-la 1 ~ l')!"-2 '; .:: f !. t.j :; : l.: tt-.~:-n 30r ,~·ro? L'~?bt?·.-l, ndrrow - :t?:\ . .' :-d 
!'fagnollaa=hyllam and Platanus? conne~t the Gerofit flora w~th 
s.=:,uthern Eur-ope, -~nd the latter and Nelumbites also w~tt, 
Kazakhstan. Platyphyllous Magnoliaephyllum, Nelumbites and 5mall 
quantities of conifers connect it with northern Africa. Shallow 
water ammonites show the same connections (Freund & Raab, 1969). 

North Africa belongs to the tropical are.;\, ;")Ilthern E'_H·:~pe ':'5 
considered to be :-.r a part of the equi\':..-.:.ri>il :'l>ikhrameev, 1970. 
19is; Heyen, 1937) or a part of subtropical ~r~a (Kr~iii:~~. 198~). 
The last opinion is ~ased on the presence of Debev~ :Cewalguea). 
Because of the presen.::e of Debeya in the Cercfi t fL>r: the Negev 
region sh::.uld be referr~d to the same cimatic ~cne a~ the European 
area and not the n.::.rth Afri.::an ono:o. 
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Systematics of the Arava Travertine 
Enmar, LY, Katz, A:,Starinsky, A:, Heimann, A.2 

IDepartment of Geology, The Hebrew University. 
2Israel Geological Survey, Jerusalem 

Annual Meeting, 1996 

Many travertine outcrops are found in the northern Arava Valley, from 
Makhtesh Katan in the north to the Menuha Ridge in the south. They are 
divided into three types: 
(A) Cascade and steep slope travertine; 
(B) Shallow ponds travertine; 
(C) Stream bed travertine. 

The three travertine types differ in their petrography. Type A is 
characterized by thick calcite crusts,comprised of dark and light laminae. The 
calcite crystals are coarse having low-Mg concentration and containing algal 
textures. Type B is also comprised of low-Mg calcite. it is characterized by 
algal mats and peletal-micrite (probably of organic origin), and by the 
occurrence of molds of reed and other plants. Type C has not yet been 
checked. 

Type A is founed in the highest flats of the Arava (60-75 m asl.). Type B is 
the most abundant in the Arava and can be recognized in different elevations 
from -70 m to +40 m asl. Type C is found in the same hights as type B. 

Type A, the oldest travertine unit, declines east towards the Arava and 
overlain by type B in an angular disconformity. Type B covers large flat areas 
and contains two sub-units: hard brown travertine overlying clastic travertine. 
This clastic travertine sub unit is build up of limestone travertine, travertine 
nodules, travertine-marl, conglomerate, clays and paleosoles. Type C covers 
type B or interfingers it in erosional cannals. The stratigrafy is in agreement 
with U-Th ages obtained on these travertines (Kronfeld and Livnat 1987). 
A correlation between sections 30 Krn apart was done using textural, 
petrographic, lithologic and elevation conciderations. 
The travertine of type A is low Mg, Sr, Na, and K compared to Type B, 
re!\ulting from the different chemical properties of the waters in which it 
formed. 

It can be concluded that travertine deposition occurred in the Central Arava 
during at least three phases: 
I) Type A was deposited, in Nahal Hazeva and Zofar areas, on steep slopes, 
from springs located west to the present knowen ones. 
2) Type B was deposited in shallow depressions, on moderate relief, as 
limestone or travertine marl, with addition of the clastic material and patches 
of reed rich travertine. In a later stage when clastic supply decreased it was 
deposited as massive reed rich travertine. 
3) Type C was deposited in subrecent stream beds dessecting older types of 
travertines. 

Bibliography: 
Kronfeld, and Livnat,A.(l987)."U-series dating of rift valley travertines 
and lacustrine deposits".Tel Aviv University. Ministry of Energy and 
Infrastucture. 
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DEFORMATION HISTORY OF THE MOOSE MOUNTAIN 
STRUCTURE, CANADIAN ROCKY MOUNTAINS 
FOOTHILLS: IMPLICATIONS OF MESOSTRUCTURES. 

Eyal. Y.1, Feinstein, S.1 and Bell, S.2 

1 Dept. of Geology, Ben-Gurion University of the Negev, 
Beer-Sheva 84105, Israel. 

2 Energy and Environment Subdivision, Geol. Surv. of 
Canada, 3303-33rd St., N.W., Calgary, Alberta T2L 2A7. 

The Moose Mountain structure is located some 50 km west -southwest of 
Calgary in the foothills of the Rocky Mountains of western Canada. At the 
surface, it outcrops as a faulted anticline rimmed by Mesozoic clastic rocks 
and cored by Paleozoic carbonates. Exploration and production wells that 
the structure is a complexly faulted anticline, cored and uplifted by an 
imbricate stack of thrust sheets. Like many such features in the Rocky 
Mountain Foothills west of Calgary, the Moose Mountain structure trends 
northwest, parallel to the surface traces of associated and adjacent thrust 
faults. The large scale structure is due to a major component of lateral 
compression being directed approximately perpendicular to the axis of the 
anticlinal structure. However, its kinematic history has not been 
documented in detail. In the present study we use small scale structures 
(mesostructures) to recover the stress fields involved with the defonnation 
of the Moose Mountain structure. 
Small-scale structural features were measured at 16 sites. Reported here is 
a preliminary analysis and results from two sites that encompass 84 
measurements of fault planes, striations, veins and fold axes. This 
analysis suggests that these mesostructures originated in two different 
paleostress regimes: in one, SHrnax was oriented approximately N-S; in 
the other, SHrnax was oriented approximately NE. The latter regime is 
genetically compatible with the large-scale geometry of the Moose 
Mountain structure and the regional NW trending thrust faults network. 
The N-NNE SHrnax paleostress orientation derived from the strike-slip 
faults is discordant to the main Rocky Mountain structural pattern and its 
delineation by the mesostructures was not anticipated. At this time, the 
significance of these latter data is not clear, but it could be an indication of 
dextral shearing in the Canadian Cordillera. The timing of the two inferred 
events, the spatial distribution of the different mesostructures, as well as 
their implications for the overall kinematic evolution of the area have not 
yet been determined. 
However, our preliminary results emphasize that mesostructures have the 
potential to uncover paleo-stress fields not easily predicted by the hosting 
macrostructures. 
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EARTHQUAKE RISK ESTIMATION IN THE TOWN OF EILAT, ISRAEL 

L. Feldman, Y. Zaslavsky, A. Malitzky, A. Shapira, 
Y. Gitterman, and A. Hofstetter 

The Institute for Petroleum Research & Geophysics, Holon 

The Gulf of Eilat-Aqaba risk evaluation program is a 
project of the IASPEI sub-commission on Earthquake Loss 
Assessment in cooperation with the Earthquake Loss Reduction 
in the Eastern Mediterranean Region, coordinated by the USGS 
and UNESCO. 

The whole area is currently undergoing urban and tourist 
facility development, triggered by the peace process in the 
region. Risk evaluation in the town of Eilat poses a major 
problem owing to the fact that, one one hand, the town is in 
close proximity to the active Dead Sea fault system subject to 
recent strong earthquakes, i.e. the felt events of 1>1 =5.9 in 
August 1993 and M =6.2 in November 1995. On the other 6and, no 
clear historical L records or evidence of felt events and 
estimated intensities are available owing to the scanty 
population of the area during the last century. Thus, any 
intensity estimate is doomed erroneous, especially in the case 
of a strong event. The following procedures are proposed for 
risk evaluation of such a location: 

1. A survey of buildings and structures in order to estimate 
their vulnerability to strong ground motions. 

2. Background noise measurements using the SvE procedure to 
determine the response spectra. Thickness variations of 
sedimentary layers and soil wi thin the town itself, are 
modeled empirically to estimate the site effects. 

While the aerial size and population of Eilat are large 
enough to render risk evaluation there an important target, 
the town is still small enough to permit a detailed survey of 
every structure or building. We show that such a project can 
be generalized for risk evaluation of other sites in the 
proximity of active faults where data are either limited or 
unavailable. 
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TEcroNIC BASINS IN THE DEAD SEA TRANSFORM 

ALONG THE ARAVA VALLEY 

1 2 1 3 
U. Frieslander, Y. Bartov. M. Goldman and Z. Garfunkel 

1 The Institute for Petroleum Research & Geophysics. Holon 
2 Geological Survey of Israel. Jerusalem 
3 Institute of Earth Sciences. Hebrew University. Jerusalem 

Data from geophysical surveys in the Arava valley. 

including interpreted seismic lines. gravimetric and 

electromagnetic measurements. facilitate the description of 

the structure of the Dead Sea transform segment located in the 

Arava area. This segment is characterized by a series of 

elongated. en-echelon tectonic basins bounded by parallel 

boundary faults. The left-stepping between a number of basins 

(Evrona. Ya' alon and Zofar) apparently coincides with the 

junction area of the E-W trending main central Sinai-Negev 

faul ts and the DSR faul ts. Three basins located north of the 

Paran area are separated by two listric faults with large 

displacements. As a result. the depth of the basins increases 

to the north. 

Gravimetric DIOdels based on density computations made for 

several oil wells (e.g. Sedom Deep. Amiaz-I and Heimar-I) show 

that the thickness of the sedimentary sequence in the Dead Sea 

basin north of the Amatzyhu fault reaches 9.5 km while further 

south of the fault. in the Shezaf basin. it reaches only 

6.5 km. In the shallowest (Zofar) basin. the seismic section 

indicates a regional dip toward the north. This is consistent 

with the results of a TDEM survey carried out in the area and 

enables us to tie the seismic reflection to the top of the 

Avdat Gr. or Hazeva Fm. in an area where water wells did not 

penetrate this level. 
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Groundwater of Mount Sedom diapir 
Amos Frumkin 

Annual Meeting. 1996 

Geography Department, The Hebrew University of Jerusalem. 91905 

Since its subaerial extrusion in the Early Holocene Mount Sedom developed a karst system 

which allows most of the effective rain to drain through the subsurface. The water table was 

probably lowered and a vadose zone developed as drawdown vadose caves evolved, in a 

similar manner to that in limestone allogenic karst Groundwater flow does occur in fissures 

and conduits above base level, although deeper, where joints become annealed by lithostatic 

pressure, the salt is quite impervious. The dissolved loads of flood water dep~nd primarily on 

the residence time of the water in contact with rock salt Flood waters passing rapidly through 

integrated cave systems do not reach saturation, while waters infiltrating through tight fissures 

or held up in subsurface reservoirs reach saturation, mainly by dissolving halite. The solute

discharge relationships are similar to those in limestone and gypsum karst. 

A phreatic brine aquifer whose water source is not clear gives rise to small springs 

along the eastern side of Mount Sedom. 
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The Herodian port at Caesarea and its contribution to 
the destruotion of anoient aqueduots 

Ehud OaliU and Jacob Sharvit 

Iarael Antiquitieu Authority, P.O.Box 180, Atlit 30350 

Durina the lut thirty yean the ISIVIi cout hu Wldergone muwive 
con8truction. Marinas, ports and breakwaters have been built al0D8 the coast 
and large areas of sea han been reclaimed. Due to the diminishing 
availability of hmd along the cout, there ia fierce competition and growing 
pressure from planners who wish to build along the coast. in Borne cases 
reclaiming land fi"om the Ilea These activities are dev8Btalins to the coastal 
system.. Until now the only studies available, regardiog this int~eotion, are 
thoRe of the 18Bt twenty yelll'8. The Herodian port at Caollarca can Herve 88 Ii 

model of Il coutal structure, lUI it il identical to the larse structures pl8IUled 
and constructed aloll8 the coast today. Moreover, it is possible to oxamine its 
.1f.ct on the "outlin. alons a tim. span ofup to 2000 )'.IIl1I. 

Traces orthe destruction are evident in ancient structures that are located 
south and north of the Herodiun hsrbour. This evidence is! found in the high 
level aqueduct and in the amphitheater, recently revealed south of the ancient 
Roman city. 

Colleges offer VariOUR explan81ioDa for the desb'11ction of coastal 
structures. On9 explllDBlion claim9 duIl1he aqueduct Willi 1Ibrad9d by marine 
erosion, due to the rttreatina coastline, as result of constructing the harbour. 
Anotllt'r suggestion (:laiu1II1llld the destru(:tiuD was clIWIed by le(:lullic II(:livily. 
Another explanation BIlggeBts that the destruction was eBIJsed by the impact of 
the rise in sea level durill8 the Byzantine period. 

Recently It was BU&8ested that sandstone quarryina in the coastal Kurkar 
ridge and its submergen~e. exposed the aquedu~t to marine erosion. After we 
-e~ined the relevant BtudieB, we reached tbe concluilion that the construction 
;:9f the Herodiao harbol.D' was the direct reason for the destruction of the 
_ ~outal .tnactw-cs north of Cawsarea; Following the re~ent ~onstnaction of the 
Hadcra port, the coastline north orthe port eroded. It thus seems that the same 
phenomenon occurred SUbsequent to the construction of the Roman harbour in 
antiquity. Moreover, we found no traces of sandstone quanyill8 in the Kurkar 
ridge north of the Herodian port. It should be noted that there- are traces of 
quarrying in other areu along the Israeli coastline, and they are well 
preQerved. The tectonic explWlll1ion ia not feQQible Qince there Ql'"e wong 
indication. for the lItability of the coastlin& in the region. Coastal ond 
undelwater archaeological studies indicate thal the destruction of the high 
level aqueduct at Caesarea occurred due to the direct impact of the 
conBtruction of the harbour. Sh0rtaae of sand to the north has resulted In the 
retreating of the ~oast1ine. followed by marine abrasion, that destroyed the 
fbundations of the aqueduct that collapsed. 
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Adaptation of empirical classification methods 
("Q" and "RMR") for tunneling in bedded rock. 
Lessons from the Gilo Tunnel, Jerusalem. 

Gavish, E.'.2, Hatzor, Y.', Arkin Y.2 

I Department of Geology and Mineralogy, Ben-Gurion University of the Negev, 
84105, Beer Sheva 

Z Geological Survey oflsrael, 30 Malkbe Yisrael Street, 95501 Jerusalem 

The excavation of Gilo long tunnel is used as a case study for the adaptation of 
the "Q" (Barton 1974) and "IU"lR" (Bieniawski 1974) classification methods for 
layered carbonate and heterogeneous rock mass. The tunnel was excavated in 
limestone. dolomite and marl of the upper Cretaceous Judea Group at a site in the 
southern part of Jerusalem. The results of preliminary site investigation. which included 
geological mapping and five boreholes. provided a range of data which only in part 
contonned to the reality in tunnel excavation. 

The main problem arose from the phenomena of intervening transition zone 
between the Moza lormation and the overlying Amrninadav formation. consisting of 
massive competent dolomite blocks surrounded by soft dolomite "flour" of silt and fine 
sand size. The geomechanic of the dolomite "l1our" and massive dolomite 
differ significally in cohesion (27 KPa & 32 MPa) and uniaxial compressive strength. 
The combination of massive dolomite and dolomite "flour" together with weathering 
phenomena associated with open fractures. karst and clay, caused problems in the "Q~ 
and "RMR" classitication of the transition zone. Drilling at the site did not disclose the 
heterogeneity of the transition zone. The classification values from the southern part of 
the tunnel (transition zone) were generally higher then the real values while. The "Q" 
and "~\1R" values in the massive dolomite were generally more conservative then 
those determined during excavation. 

Rock mass classitication was carried out during tunneling operation by detailed 
geological mapping and revealed the difficulties of classilication of the transition zone. 
especially in determine the descriptive parameters of the classification methods. This 
was also emphasized by the correlation equation between "Q" and "R..\fR." which could 
not I?e applied to the transition zone but give a good correlation. between the two 
-classification method. for the massive dolomite values . 

. :'-: -:- For rock mass quality rating. it is necessary to determine and qualitY the 
discontinuity systems. the inlilling materiaL extent of weathering and changing in strain 
condition due to timlts and shearing zone. Site investigation can not based on 
boreholes which provide only local and not satistY data . The diversity of "Q" and 
"RMR" values that range from a very good rock to an extremely poor rock mass 
emphasize these difference. This diverse range could not be determined on the base of 
a lew boreholes. 

Discontinuity planes were measured at the surtace and within tunnel. This data 
was used to determine potential unstable block using the Block theory (Goodman and 
Shi (985). The mapping during tunneling showed only small block (20 to 30 em) 
tonned due to random and systematic discontinuity planes which would not cause 
stability problems. Although Block theory removebility analyses showed potentially 
large key block. these did not li1l1 due to the undulating nature of the fractured plane 
and the heterogeneity of the rock mass. 
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Translocated streams and large alluvial fans along the Dead Sea 

a transform along the central Arava Valley 

Ginat H.(l,2), Enzel Y.(l), Avni Y. (1,2) and Zilberman E. (2) 

1) Institute of Earth Science, Hebrew University 

2) Geological Survey of Israel 

During the Pliocene the central Arava was higher than its present 

elevation by a few hundred of (about 400 meters). It allowed a major 

stream (the Edom stream) to cross it from east to west. This river 

delivered into the Negev gravel lithologies which do not exists in the 
west margins of the Arava. 

The headwaters of this stream are in the drainage basin of Wadi Huwar at 

the eastern margins of the Arava. At the same time the drainage basins 

to the north of the Edom stream did not cross the Arava and produced 

large alluvial fans. This is in agreement with the existence of the wide 

water divide in the central Arava and a subsiding basin to the north of 

it, not allowing these more northern streams to cross the valley. The 

entire drainage system drained into the location of the present day Dead 

Sea. 

15 kilometers of left-lateral motion on the Arava-Dea6'Sea segment of 

the Dead Sea transform disconnected the Edom stre.m and,the alluvial 

fans from their drainage basins and made them a fos,sill feature. Assuming 

a Pliocene age for the Edom deposits of the Arava cpnglomerate and the 

15 km. of displacements, the resulting long term av~rage rate of 

movement along the Arava-Dead Sea fault is 0.5 em/year. 
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Lower Paleolithic fipds from the regiop of Rahal Zihor, Southern Regey 

Ginat H.(l) Saragusti I.(2) 

1) Institute of Earth Science, Hebrew University 

2) Prehistoric Archaeology, Hebrew University 

Lacusrine deposits were recently discovered in the basin of Wadi Zihor, 
south ~astern Negev. These deposits indicate the existence of a 

fresh-water lake which covered an area of approximately 18 sq. km. The 

stratigraphic location of these deposits within the sedimentary sequence 

of the region, and prilaminary studies of the pollen, ostracodes and 

mollusk assemblages suggest that the lake existed during the Late 
Pliocene and Lower Pleistocene. A wide surface that covers the lake 

deposits along Wadi Zihor is defined as Ql. Lower surface beside the 

main stream defined as Q2. Two younger surfaces (Q3 and Q4) appear 

between Ql and Q2 .and the present course of Wadi Zihor. 

Many scholars, while describing the expansion of Homo erectus (one of 

the early hominids)out of Africa, outline a route through the Rift 

Valley to the Levant, and then to other parts of the old world. Thus the 

indications for the presence of a fresh water lake during the Lower 

Pleistocene at the margins of the Rift Valley making it a region of high 
potential for prehistoric survey. 

By intensive Archaeological survey in this area we found over 100 find 

spots. A few flakes, probably man-made, were found in-situ within the 

lacustrine deposits. An assemblage in which artifacts (bifaces) made on 

s;_i_U:cj.~iea p~osphorite and limestone, include, special picks' which were 

made fo~li.unting at an early date within the Achelian 

culture. ~he -topographic location of this assemblage is correlative to 

the paleo-lake's shore line, suggesting that they might be 
contemporaneous with each other. 

Most of the find spots and sites were found either on top of the Ql or 
Q2 surfaces, or on the Turonian limestone slopes, surrounding the south 

western part of the area. The most impressive sites were a few large 

concentrations of artifacts, consisting of tens to a few hundreds 

artifacts each. The degree of refinement of the handaxes and the 

presence of 'classic' Levallois cores and flakes indicate that most of 

the assemblages can be ascribed to the Late Acheulian (i.e. towards the 
end of the Middle Pleistocene). The fact that these assemblages were 
recovered on top of the Q2 surface, indicate that the creation of this 
surface predates the assemblage. 
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Identification oftbe Biblical Yasbpe (Jasper) Stone 

Ginzburg, D. 

Geological Survey ofIsrael, 30 Malkhe Yisrael Street, 
95501 Jerusalem. 

Annual Meeting, 1996 

Toe Yashpe Stone was a gem used as one of the breastplate stones of the 
High Priest (Exodus 28: 19). It is also mentioned in this sense in Ezekiel 
(28:13). This stone was the symbol of the tnbe of Benjamin. Roo. Benjamin, 
his stone is Yashpe and the color of his flag is similar to all colors ... " 
(Midrash Rabba, Numbers, 2:7). 
The Yashpe is a multi-color stone including shades of red, black, brown and 
green. 
In ancient literature, in the writings of Tel-Arnrana, this stone was called 
Yaspu. Asuric scripts of Nevonaod describe the statue of "San" by Asur 
Benfil as sculptured in Hishapu stone. It seems that these two descriptions 
refer to the same gemstone. 
In Greek the stone was called Eisapis and this name comes from the Hebrew. 
Pliny identified it as Jaspis, a kind of "Chalcedony". In Latin it is~Jaspis, in 
Arabic Jasaf, in Roman it was known as Iaspis and in Acadic it was Aspu. 
In medieval literature the stone was identified as "Gashapi" by Abarbane~ 
"Yasep" by Rabbi Saadiah Gaon and "Jasper" by Rabbi Bahya. The English 
translation of the Bible (A.V. - 1611) refers to "Jasper". 
Modern translation of the Bible (German, French, English) refer to both 

. "Jasper" and "Jaspis". 
It can be concluded from this that the stone "Yashpe" is Jasper described as 
amorphic silica of variegated colors (red, brown, black, green and yellow) 
known from Egypt, Syria, Cyprus and other Mediterranean countries. 
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SEMBLANCE AND ENERGY SPECTRAL STATISTICS 

FOR DISCRIMINATION OF SEISMIC EVENTS 

Y. Gitterman, V. Pinsky and A. Shapira 

Annual Meeting, 1996 

The Institute for Petroleum Research & Geophysics, Holon 

Two spectral discriminants of quarry blasts and earthquakes 
have been tested. This discrimination is based on the spectral 
analysis of seismic sources. The data base included about 
100 quarry blasts and earthquakes occurring in the Galilee, 
Sea of Galilee, Dead Sea, Negev and Jordan. We tested 
different parameters, such as variations of time windows and 
frequency ranges, for the data processing in order to find the 
best separation of the two sets of seismic event. 

The known single station discriminant for explosions refers 
to the relatively greater energy at low frequencies caused by 
dominant surface waves which, in the case of earthquakes, are 
much lower. Analysis of the energy ratio of low (1-6 Hz) and 
high (6-11 Hz) frequency ranges showed that, for specific 
stations in the Israel Seismic Network (ISN), a satisfactory 
resolving power between quarry blasts and earthquakes is 
observed in the magnitude range ML =1.3-2.6 and the distance 
range 10-100 km. When averaging the ratios obtained at 
different stations covering a relatively broad azimuth range, 
the resolving power is significantly enhanced. 

The second, newly developed, multi-station discriminant is 
based on the innovative Low Frequency Spectral Modulation 
(LFSM) method associated with ripple-firing in quarry blasts 
and the bubbling effect in underwater explosions. The 
efficiency of this method in identifying explosions with a low 
signal-to-noise ratio (SNR) was investigated. We selected a 
number of explosions and observed azimuth and distance 
independent spectral modulation patterns presented by source 
dependent interference minima and maxima. Similarity or 
divergence of spectral shapes for different stations has been 
quantitatively assessed by the application of "semblance" and 
"cross-correlation" statistics, commonly used in seismic 
prospecting for phase correlation of seismic traces in the 
time domain. 

After some modification, both correlation techniques were 
applied to amplitude spectra of a subset of ISN stations, 
providing full separation of earthquake and explosion 
populations. Optimum results are obtained when processing the 
whole signal (including P, S and coda seismic phases) in the 
frequency range (1-12 Hz), with azimuthal coverage of stations 
90· and more for each event. 
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COMPRESSIONAL AND SHEAR WAVE VELOCITIES -

A TOOL FOR EVALUATING ROCK PROPERTIES 

I. Goldberg and V. Shtivelman 

Annual Meeting, 1996 

The Institute for Petroleum Research & Geophysics, Holon 

Compressional (V) and shear wave (V) velocity data can 
p s 

provide unique information on lithology, fluid contents and 
mechanical properties of various types of soils and rocks. 

We propose that the V and V estimates obtained from 
shallow seismic surveys be tsed in order to determine physical 
properties of rocks in the studied areas. Our approach uses 
the dependence of seismic velocities and bulk and shear moduli 
of a fluid saturated rock on the bulk and shear moduli of the 
dry (unsaturated) rock matrix and the compressibility of the 
pore fluid. Dry moduli depend in turn on the porosity, 
structural characteristics and mineralogical composition of 
the rock. 

The proposed technique generalizes present experience in 
rock physics and in seismic and well log investigations. It is 
based on the classic approach relating elastic wave velocities 
to the physical properties of rocks (Biot-Gassman theory of 
poroelasticity). Recently developed interpretational models 
describing the behavior of elastic waves in fluid saturated 
media were also called upon. 

The feasibility of the proposed method is demonstrated by 
applying it to seismic velocity data from various areas of 
Israel. The velocities obtained from refraction and borehole 
surveys were used to determine the lithology, composition and 
type of the pore fluid (water/gas) of rocks. The results 
obtained correspond well wi th available geological and 
borehole information from the investigated areas. 
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ANALYSIS OF STRONG MOTION RECORDS OF 

THE 22.11.95 EIIAT EARTHQUAKE AND ITS AFTERSHOCKS 

Y. Gitterman, A. Shapira and U. Peled 
The Institute for Petroleum Research & Geophysics, Holon 

The Nueba 22.11.95 strong earthquake (M,. =6.2, Mw=7 .1) in 
the Gulf of Eilat was felt throughout Israe~and caused minor 
damage in Eilat. Thousands of aftershocks followed the main 
shock, including some felt events of magnitude ~>5. A total 
of 13 digital accelerograms was obtained from the main shock 
and two aftershocks. 

Peak ground acceleration (PGA) , velocity and displacement 
were calculated. Analysis of the main shock PGA observations 
are compared with attenuation functions applied in Israel. It 
showed anomalous high PGA values at all si tes, which may 
possibly be associated with the rupture directivity phenomenon 
and site effect. Directivity effect is expected owing to the 
40-50 km rupture of the fault in a direction =N20·E. 

The new, recently developed, stochastic rupture directivity 
model estimates the increase of PGA in Eilat (and other 
northern recording sites) by a factor of 2-3. Site response 
evaluation at the Eilat station, based on the Nakamura method 
(spectral ratio of the horizontal to vertical component) 
demonstrated strong amplification at 2.3 Hz. This observation 
is in good agreement with the evaluations made a year before 
the earthquake using microtremor measurements at the same site 
and with the analytical 1-D SH transfer functions based on the 
subsurface model inferred from micro tremors using the Aki 
spatial correlation method. 

The Eilat station is located on an alluvial fan (about 50m 
thick) overlying granite. Using the above subsurface model. 
the SHAKE program and accelerograms recorded at the surface as 
input. we generated ground motions on the rock basement and 
calculated the site response. The computed PGA on rock is 
lower than the observed PGA by a factor of 2. 

The acceleration response spectra of the recorded strong 
motions in Eilat are calculated. The average response spectrum 
as compared to that used in the Israel building code 413 for 
seismic design shows about 20% higher levels in the range 
0.2-0.5 seconds. These observations will be integrated into 
the updated seismic hazard assessments for Israel. 
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GEG..OGICAL "STRIPPING' OF THE GRAVl1Y FIELD OF ISRAEL 
Goldshmidt V , Rybakov M. , Rotstein Y. and Reischer L. 
The Institute for Petroleum Research and Geophysics 

Holon, Israel 

The Cenozoic sedirrents, V'i1ich are abundant along the coastal plane and 
offshore are typically with low densities of 2.00 rice to 2.55 rice. 
They are associated negative gravity anomalies with amplitudes of up to 
-50 mGal ( see inset in the figure). These large anomalies effective mask 
the gravity signature of the underlying rv1esozoic geological formations 
with densities of 2.65-2.80 rice. In order to discem the gravity anomalies 
associated with the Mesozoic rocks 'oNe calrulated the effect of the overlying 
Cenozoic sedirrents and removed this effect. The calrulation was done in 
3·.0 and took into account the Cenozoic thickness from the base of Senonian. 
The nfNoJ replaced gravity map is grossly different from the original Bouguer 
map and better displays the deep structures in this area. 
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First results, Atlantis n Deep, Red Sea 

Nurit Goldman The Open University, The Hebrew University, Rehovot 

Arieh Singer The Hebrew University, Rehovot 

The Atlantis II Deep is located in the Red Sea between 21 0 19'N and 21 0 27'N along 38 05'E. A 

maximum depth is reached in the active South West Basin. where a hydrothermal brine is being 

discharged and spreads to other basins in the Deep. 

Sulfides, silicates and iron oxyhydroxides accumulate on the bottom of the Deep. A core of the 

Atlantis II Deep was examined and the results were obtained from its uppermost pari. 

The common minerals in this core are sulfides: sphalerite and chalcopyrite. Among the 

oxyhydroxides, goethite was identified, having unit cell parameters indicating isomorphous 

substitution. 

A silicate phase was obsen-ed by TEM, having a disc morphology with lOOOA diameter with an outer 

rim of 30-iOA and an inner part heterogeneous and crystalline. Morphologically similar phases have 

been described in literature as hisingerite (FezS~O~(OH)4 2~O). This identification was confirmed 

by infra red spectroscopy. 

Hisingerite is a rare mineral. whose characteristics are still controversial. It is suggested that this 

mineral constituents a transitional phase in the crystallization of iron silicates towards clay minerals 

such as nontronite. 

The chemical composition was detected on a Cu grid by Analytical Electron Microscopy: Fe, Si, Zn 

and S were observed. Si!Fe ratio was above 0.6. A polycrystalline structure was obtained from 

electron diffraction with the following intensities: 
Intensity d Intensity d 
7 3.68-3.74 I 1.33 
10 2.20-2.46 3 1.28 
7 2.21-2.25 2 1.25 
6 1.84;.1.87 4 0.95 
6 1.65-1.70 2 0.87 
9 1.44-1.45 2 0.85 

A well crystallized phase was identified in the same sample with d=3.03A indicating the presence of 

chalcopyrit. The Zn in this sample does not form a crystalline separate phase. 
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Sand Transport Along the Israeli Coastline 
by 

Abraham Golik 
Israel Oceanographic and Limnological Research 

National Institution of Oceanography 

Annual Meeting, 1996 

In 1960, Emery and Neev proposed that the sediment transport along the Israeli 
coastline consists of two mechanisms. In one, within the surf zone, sand is moved by 
the wave energy flux at a rate and direction which is controlled by wave height and 
direction in the breaker zone. As the direction of the longest fetch facing the Israeli 
coast is at azimuth 282°, this is also the direction from which the highest waves can 
approach the coast. Due to the curved configuration of the coast, waves coming from 
this direction would cause southward sediment transport in the northern part of the 
coast from Haifa to Tel Aviv, whereas in the southern part of the coast the transport 
would be northward. A nodal point should be in the vicinity of Tel Aviv. 

In the second mechanism, sand is driven northward, beyond the surf zone on the inner 
continental shelf, by the margin of the Mediterranean current. Part of this sand 
migrates shoreward, by the on-off shore currents to nourish the beaches with sand. 

Recent evidence points to the validity of this model. Sand accumulation occurs on the 
northern side of coastal structures in Haifa and of the still water basin of the Hadera 
power plant. Analysis of aerial photographs of Netanya beach indicates sand 
accumulation on the beach north of the breakwaters there and erosion south of them to 
a distance of about 1.5 km on either side. All these indicate sand migration southward. 
In contrast, the Hertzelia marina, Ashdod Port, the marina and the still water basin of 
Ruthenberg power plant near Ashkelon and the two groins in Gaza show sand 
accumulation on their southern side and erosion on their northern one, indicating 
northward sand transport on this section of the coast. 

Redundant surveys of the distribution of coal particles which fall to the sea bottom 
from the coal terminal of the Hadera power plant indicate northward transport on the 
inner continental shelf. Bedforms next to rocks projecting from the seabed, on the 
continental shelf off Ashdod and Haifa, also show a northerly sediment transport. 

Results of grain size analyses of some 80 sand samples, which were collected from 
the beach to a water depth of 30 m between Gaza to Haifa, showed that in the south 
two populations of sand are found: coarse sand on the beach and in the shallow water 
and fine sand in deeper water. As one goes from Gaza northward. the beach and 
shallow water sand becomes gradually finer until it reaches the same size as the 
deeper sand near Tel Aviv, and from there northward. This similarity of grain size in 
deep water as well as in shallow water sand north of Tel Aviv indicates a contribution 
of sand from the inner shelf to the beach, in the pattern proposed by Emery and Neev. 
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Paleofloods in the Negev: Evidence to climatic fluctuations 

Greenbaum, N., Schick, A.P. 

Geography Department, Hebrew University, Jerusalem 

The paleofloods in the large catchments of the Negev were studied 
(regionally) by analyzing peak flood level as evidenced by 
paleostage indicators. The indicators used were mainly fine
grained slackwater deposits and driftwood lines. A hydraulic 
procedure (HEC-2) provide peak discharge estimates. Flood age was 
determined by radiocarbon dating. 

Twenty six paleofloods were reconstructed in Nahal Zin during the 
last 2,000 years and 24 in Nahal Paran during the last 450 years. 
The distribution of the floods through time shows periods of many 
floods which are also characterized by high flow magnitudes. These 
periods alternate with periods of few floods. The periods with 
abundant floods are the last 60 years, the period 1380-920 BP, and 
probably a period around 2000 BP. Between these periods the 
hydrological regime was different and the frequency of paleofloods 
was low. 

Periods of many floods correlate with high Dead Sea levels 
associ~ted with a wetter climate in northern Israel, while periods 
of few floods are related to low lake levels and a drier climate. 

The paleohydro10gica1 record of Nahal Paran is less amenable to 
harder for interpretation because its radiocarbon ages fall within 
the problematic range of the 14C decay curve. Nevertheless, the 
data suggest that flood frequency in the 17th and 18th centuries 
was significantly lower than in the 19th and 20th centuries. 

The few paleofloods reconstructed in Nahal Neqarot occurred in 
periods identical to those in Nahal Paran and reflect a are evident 
of the similarity in the hydrological behaviour of these 
catchments, which were both part of a single large catchment up to 
late Pleistocene. 
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Mechanism of Stylolite Development. 

Gruzman, Y., Sass, E. 

Institute of Earth Sciences, The Hebrew University of Jerusalem, 91904 ~erusalem 

Stylolites are very conunon in Turonian limestones all over the country. Although it is 

agreed that they were formed by dissolution, the timing and mechanism of their formation are 

still unclear. Several critical observations were made during the present study: 

A. In some places limestone and chert interpenetrate on both sides of a stylolite. This feature 

indicates that the process of stylolitization and silicification were coeval and both of them 

are early diagenetic. 

B. Stylolite columns are perpendicular to the bedding planes which were folded at the 

beginning of the Senonian. It is suggested that stylolites were formed soon after 

sedimentation at a shallow burial. 

C. Existence of two different generations of stylolites: (I) microstylolites which extend over 

several em, with amplitudes of 0.5 mm and a thickness of up to 5 Ilm; (2) deeply sutured 

stylolites with amplitudes of up to 12 nun and seams which reach a thickness of up to 

100!J.ffi. 

D. Microstylolites were found inside chert nodules. 

E. Microstylolites were found inside pebbles of Turonian conglomerates, which are located in 

the middle of a stylolitic unit. and the lithology of its pebbles is very similar to that of the 

·underlying Turonian Iim~stone (Kafri & Sandkr. 1992). 

F. Both the macro and microstylolites are enriched with Fe-oxide framboids (fomler pyrite) of 

biogenic origin; this points to the existence of organic matter in the original sediments. 

Several stages of the stylolite development based on the above observations are inferred: 

1. Development of microstylolites from patches of clay or pellet clay coatings. 

2. Formation of microstylolite sets. 

3. Merging of adjacent microstylolitcs and the development of macrostylolites. 

These observations indicate that stylolitization started very early after sedimentation. This 

conclusion is inconsistt:nt with a pressun: dissolution mechanism of stylolite formation, and 

requires an alternative mechanism. It is suggested that the possible driving force for the 

stylolitization is the decay of organic matter. \vhich resulted in the release of C02, leading to 

carbonate dissolution. 
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ROCK PHYSICS: A BASIS FOR ADVANCED INTERPRETATION 

OF GEOPHYSICAL DATA 

B. Gurevich 
The Institute for Petroleum Research & Geophysics, Holan 

Recent increase in the use of seismic methods for reservoir 
characterization demands an in-depth understanding of the 
relationships between rock/fluid properties and seismic waves. 
Rock physics is the field that studies such relationships. For 
reservoir rocks with interconnected pore space, the link 
between rock properties and seismic characteristics is based 
on the Biot theory of poroelastici ty. The Biot theory predicts 
that one S wave and two P waves (one a normal P wave and the 
other a type II or slow compressional wave) may exist wi thin a 
poroelastic rock. In 1980 the Biot slow wave was observed 
experimentally. Recent forward modeling based on the Biot 
theory has yielded excellent agreement with experimental 
results. However, experiments at low (seismic) frequencies 
have shown that the Biot theory cannot explain some of the 
observations, the most notable being the magnitude and 
frequency dependence of seismic attenuation. To fill this gap, 
a concept of the local flow or squirt was developed. This 
concept assumes that seismic attenuation at low frequencies is 
caused by the wave-induced flow of the pore fluid within an 
ellipsoid pore or between pores of different shapes. Use of 
the local flow model requires a knowledge of pore shape 
distribution. We show another approach which explains some of 
the outstanding phenomena by taking into account macroscopic 
reservoir heterogenei ty wi thin the framework of the classic 
Biot theory. 
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Metamorphic conditions of Roded Migmatite formation, 
Mt. Shelomo, Elat 

Gutkin, V. and Eyal, Y. 

Department of Geology, Ben-Gurion University of the Negev, 84105 Beer-Sheva 

The Roded Migmatites are exposed in the Mt. Shelomo block, located between the Y otam 
and Shelomo grabens, and Nahal Netafim and the Elat - Ma'ale Ein-Netafim road. This 
area, mapped to the scale 1:l0,000, includes the following rock units, from older to 
younger: Roded Amphibolite, Roded Migmatites, Roded Quartz-Dioritic Gneiss, 
Schistose-Dikes, Roded Quartz-Diorite, Elat Granite, Elat Conglomerate, volcanic rocks 
(mostly basic), dikes ranging from andesitic-basaltic to quartz-porphyritic (rhyolitic) 
composition. Most of the rhyolitic dikes belong to the youngest phase and form a dike 
swarm, sometimes covering as much as 90% of the area. 
The Roded Migmatites are exposed in an east-west trending belt between outcrops of 
Roded Quartz-Dioritic Gneiss and Roded Quartz-Diorite. Some xenoliths of the Roded 
Migmatites were found also outside this belt. Two types of migmatites were determined: 
a. layered migmatites, b. folded migmatite. Some xenoliths of the layered migmatite, about 
0.5 m in size were found within the folded migmatites, suggesting an older age for the 
layered migmatites. The layered migmatites are garnet bearing; the folded migmatites are 
muscovite bearing, suggesting crystallization under relatively low temperature. 
Microprobe analysis of coexisting pairs such us garnet-biotite and plagioclase-muscovite, 
were carried out to calculate the PT -conditions of the Roded Migmatite metamorphism. 
The pressure, obtained by the plagioclase-muscovite geobarometer (Ghent and Stout, 
1981) is 4.7 kb. This value is similar to the pressure suggested for this rock unit by fluid 
inclusions. The 710°C migmatization temperature calculated by garnet-biotite (Ferry and 
Spear, 1978) is high enough to allow partial melting. Howewer, a 610°C which is too low 
for anatexis was obtained by using the model ofKleemann and Reinhardt (1994). 
Field and petrographic observations, such as the absence of alkali feldspar and similar 
plagioclase composition in adjacent leucosome and melanosome, do not support the 
formation of the migmatites by anatexis. Migmatization by a metamorphic differentiation 
seems to be a more reliable mechanism, suggesting that the Kleemann and Reinhardt 
(1994) model is more suitable for the Roded Migmatites than that of Ferry and Spear 
( 1978). 

Garnet-Biotite temperature calculations after Kleemann & Reinhardt (1994) 

Temperature '(;', calculatedfor)'(lt< P&L.ttHi.$} THO H&S 
pressure of.J kb 

I&M BHA 

654 596 
Average jjJr Kamel rims: ($72\ 592 \594 585 608 563 534 

K&R = Kleemann & Reinhardt (1994), P&L = Perchuk & Lavrenteva (l983) 
F&S = Ferry & Spear (1978), THO = Thomson (1976, 1984), U&S = Hodges & Spear 
(1982) I&M = Intlares & Martingole (1985) BUA = Bhattacharya et al. (1992) 
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-
STRATIGRAPHY AND TECTONICS OF THE LOWER CRETACEOUS IN 
SOUTHERN ISRAEL: EVIDENCE FROM THICKNESS AND FACIES VARIATIONS 

Gvirtzman z.l, Garfunkel z.l, Gvirtzman G.2 

1. Institute of Earth Sciences, Hebrew University, Givat Ram 91904, Jerusalem 
2. Department of Geography, Bar nan University, Ramat Gan 52900 

The Early Cretaceous magmatism in southern Israel was followed by uplifting and 
erosion. It continued for about 10 My mainly in the central Negev that was uplifted 
and eroded more than its surroundings. The erosion caught up with uplifting and 
produced a relief low enough to enable resumption of sedimentation shortly after 
the end of the magmatism. In this study we examine the post-magmatic section and 
show that the paleogeography and the tectonics of the region during the Aptian
Albian are directly connected to the previous tectonic activity. 

The magmatism was followed by quick subsidence and sedimentation that 
continued for about 5 My. Then, a non-deposition period took place during which 
another short pulse of magmatism occurred (the locally known Ramon Basalt). 
However, this pulse was different: it was mostly volcanic; it was not associated 
with uplifting; and it was not followed by quick subsidence. The non-deposition 
continued until the Late Aptian and was also traced in other parts of the Arabian 
plate, indicating a global regressive period. 

Thickness and facies variations within the Lower Cretaceous section, indicate 
that the most uplifted region, remained above the base level of sedimentation for 
almost 20 My. Even the Aptian and Albian transgressions that reached deeper parts 
of the continent (Zuweira and Uza marine tongues) could not cover it. 

Using these new stratigraphic data we reevaluate the amplitude of the tectonic 
movements. The thickness of the eroded section (1000 m) indicate a tectonic uplift 
of ~50-350 m. To this we add the relief that remained after the erosion (R in the 
enclosed figure), which was at least as high as the later eustatic sea rises that did 
not cover it (a few tens of m). In addition, the most updated dates of the first 
magmatic phase (135-122 My) and recently published geologic time scales 
(Harland et aI., 1990; Obradovich, 1993; Gradstein et aI., 1994) indicate that 
uplifting occurred in the Hauterivian-Barremian during a sea level rise (~SL) which 
should also be added to the calculated tectonic uplift (-100 m). We therefore 
conclude that the tectonic uplift due to magmatism was probably about 500 m. The 
pDrtion that bulged above the rising sea level was lowered by erosion by 250-350 
~ (£*), and the remaining relief(R = a few tens ofm) remained for almost 20 My. 
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Rock Sa.lt. 

Heyman Pessah,E.,Hatzor,Y. 

Department of Geology and Mineralogy,Ben-Gurion university of the Negev, 
Beer Sheva 84105 

In this research an effort is made to define the mechanical behavior of 
Mount Sedom rock salt, and to characterize the influence of inclined 
bedding planes on the elastic response. 

The definition of rock strength in rock salt is somewhat ambiguous. Peak 
stress is never attaind, the material always exhibits strain hardening 
behavior for intact rock under unconfind as well as biaxial stresses. 
strain softening was never observed even for anisotropic samples, 
containing a discontinuity plane with infilling of clay, oriented 50 to 
60 degrees with respect to the loading axis. There are two 
characteristic stages along the typical stress-strain curve for rock 
salt. The first stage is elastic until yield point. this is a small 
stage and sometimes is absent. The elastic stage never achieves more 
then 2% axial strain, and stress difference greater then 10 MPa. 
The second stage is elsti-plastic behaviour, and is not influenced by 
confining pressure. 
Influence of bedding plane orientation: 
The influence of discontinutiy planes was tested by samples containing 
bedding planes at different orientations. The orientation and amount of 
infilling matererial controls the behavior of strain as function of 
change in axial stress. Greater elastic modulus was found for samples 
prepared parallel to the bedding plane. These samples exhibit average 
elastic modulus of about 14.5 GPa. This value is about a half of values 
reported" for other salt bodiys around the world. The elastic modulus 
received for samples with inclined bedding planes is influenced by both 
the rock salt and the infulling material. Poisson' ratio is higher in 
samples loaded-parallel to bedding planes, with values between 0.21 to 
0.-31. -'l'he transition point between compression and dilatation is 
influenced by-fhe-orientation of bedding planes, and the amount of 
infilling. In general, samples loaded parallel to the bedding plans show 
less compress ron before dilatation. 
Influence of "confining pressure: up to about 4 MPa confining pressure 
strenthens the salt in the range of elastic strain. Increase of 
confinung pressure above that value does not influence the stress strain 
law. Elastic modulus and Poisson' ratio increase with increasing 
confining pressure. The volumtric strain also is influenced by confining 
pressure. Increase of the confining pressure causes less compression 
before dilatation. Suggesting thet the bulk modulus increses with 
confining pressur. 
Influence of stress history (depth of burial): 
Depth of burial was simuleted by hydrostatic compresion of samples 
retrieved from the same depth.It was found thet the influence of pre -
hydrostatic compressiun"is analogous to the influence of confining 
pressur. 
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11m BAR GlORA BROAD BAND OBSERVATIONS 

OF LOCAL AND TELESEISMIC EARTHQUAKES 

A. Hotstetter 

Annual Meeting, 1996 

'nle Institute tor Petroleum Research " Geophysics. Holon 

'nle broad band (BB) station at Bar Giora (BGIO) was 

installed in IIa¥ 199,.. Since then. BGIO has observed III8Ily 

local and teleseismic earthquakes. 

A tundamental parameter in any seismological study is 

earthquake magnitude. A set ot 342 teleseisms observed during 

the period May 6. 199,. to May 31. 1995 was used to determine 

the body wave magnitude. ~. surface wave aaagnitude. MS' and 

to calibrate the magnitudes measured by BGIO relative to those 

at the U.S. National Earthquake Information Center. 

'nle BB stations. either alone or in ensemble. can serve as 

a powerful tool in the study at the source mechanism at local 

earthquakes. Several local earthquakes along the Dead Sea rift 

are used to illustrate this technique using BGIO data. 
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THE PRINCIPAL STAGES OF SUBSIDENCE ALONG THE DEAD SEA RIFT 

A. Horowitz, Palynological Laboratory, Inst. of Archaeology, 
Tel Aviv University, Ramat Aviv 69978, Israel 

Palynostratigraphic studies of 13 deep boreholes from the 
Dead Sea Rift and one from the Mediterranean offshore 
resulted in detailed palynozonation for the late Cenozoic of 
Israel, dated by correlation with foram zones for the 
Mediterranean Neogene and the oceanic oxygen isotope stages 
for the Quaternary, and supported by radiometric dates of 
several points along the sequence. 

Analysis of rates of accumulation of the various palynozones 
in different sub-basins of the Rift indicates that subsidence 
had occured in a style of rather limited-sized troughs, for 
each period in a different locality. Since the palynozones 
overlying the thick ones are of standard thicknesses, even if 
the thicker ones only represent steep dips, these still 
indicate subsidence, at some time during the stage. Since the 
conclusions are based on comparative thicknesses encountered 
in the boreholes, no correction was made for compaction. 

Average accumulations, indicating only mild subsidences, are 
recorded for palynozone Ma in the southern Dead Sea (not 
penetrated elsewhere); and along the entire Rift for Mb, Pb, 
and QIII through QVII. Considerable accumulations, caused by 
trough formation and extended subsidence, are recorded for Mc 
in Arava 1 and Zemah 1, somewhat less in Sedom Deep 1; for Pa 
in Ami'az 1, Sedom Deep 1 and Zemah 1; and for the entire 
Quaternary (when taken as a single unit) in most boreholes 
except for Arava 1. 

Detailed analysis of the Quaternary palynozones indicates 
considerable thicknesses for Qlb and QII in the southern Dead 
Sea; Qlc in the central Jordan Valley; QVIII in the southern 
Dead Sea and especially in the Hula; and QIX-QX in both the 
southern (but not in Arava 1) and the northern Dead Sea. 
Somewhat greater accumulations are shown for QIV and QVI in 
the Hula and for Qla, Qlc and QV along the Dead Sea, and 
especially for Qlc in the central Jordan Valley, indicating 
slightly accelerated subsidence for these sub-basins. . 
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The direction and amount of vertical movements of the 

two main young tectonic phases in Lower Galilee, Israel 

Uri Kafri 
Geological Survey ofIsrael, Jerusalem 

Young, Neogene to Quaternary, continental conglomerates in Lower Galilee of the Hordos 

and Beit Nir formations represent a paleodrainage system which predated the Cover Basalt 

and the Rift Valley base level. They were deposited on a wide peneplain following the 

"Syrian Arc" arching phase and were later on displaced by the later tectonic movements 

responsible for the formation of the Rift Valley. The study of the structural configuration of 

the conglomerates following the peneplanisation phase and their present one reveals the 

direction and amount of vertical movements of each of both phases namely, the earlier 

"Syrian Arc" arching and the later Rift Valley formation. 

Direction of movements for both phases is uplift in Central Galilee and subsidance in the 

Coastal Plain. The western foothills region inbetween is typical of reversals, namely. 

subsidence in the older phase and uplift in the younger one. 
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Groundwater bodies of different salinities as detected by TDEM 
soundings in the northwestern shore of the Dead Sea: a tool in 

understanding radon fluctuations. 

I- Geological Survey ofisrael, Jerusalem. 
2- Institute of Petroleum Research and Geophysics, Holon. 

Time Domain Electromagnetic (IDEM) measurements were performed in the 
framework of the Israel Geophysical Radon Project in order to understand the 
configuration of the different fresh and saline groundwater horizons and their influence 
on the radon flux as recorded on the surface in the area. Due to the high solubility of 
Rn in water, the latter can act either as a carrier or as a barrier to the Rn flux, therefore 
it is imponant to understand the hydrological regime of the study area. The soundings 
were carried out along WoE traverses from the fault scarp to the Dead Sea shore. 
Previous IDEM studies showed that resistivities between 1 to 3 ohm-m represent 
salinities of normal sea water, resistivities below 1 ohm-m represent concentrated or 
partially diluted brines and resistivities above 3 ohm-m are typical of fresh to brackish 
waters or to unsarurated different rock formations. In the study area groundwater 
flows generally from W to E towards the Dead Sea base level and the water table 
controls the configuration and depth of the fresh/saline interface underneath. The 
present elevation of the sea (ca -408 m) was 18 m higher (ca -392 m) only 40 years 
ago. Thus at that time, one can assume a higher water table and a respectively higher 
fresh/saline water intetface. As expected and schematically shown below, the IDEM 
traverses show very low resistivities (brines) as we go deeper and eastward, high 
resistivities (fresh to brackish) in the shallower part and deeper as we go west. 
Intermediate resistivities (diluted or flushed brines) appear in-betWeen. This particular 
zone seems to represent a sequence situated only a short time ago below the former 
interface and not yet completely flushed. Radon measurements are conducted at the 
IDEM measuring sites and monitoring is in progress. The results indicate a decrease 
of the Rn flux values from W to E. 

-E-

Dead Sea (I9~~) 
.............. u ........................................................ . 
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P-T PATH AND PRELIMINARY DATING OF THE 
PRECAMBRIAN BASEMENT, S-E PART OF THE RODEO 

BLOCK, ELAT AREA, ISRAEL. 
Katz 0.,1,1 A vigad D.,I Matthews A.,I Heimann A.I 

I Institute of Earth Sciences, The Hebrew University of Jerusalem, Jerusalem 91904. 
!Geological Survey of Israel, 30 Malkhe Yisrael Street, Jerusalem 9550 I. 

The Roded block (Elat area, southern Israel) is one of the northernmost exposures 
of the Arabo - Nubian basement. The metamorphic rocks of the southern Roded block 
mainly comprise amphibolites and a layered sequence of partially migmatizated schists 
and gneisses containing biotite, plagioclase and quartz with garnet andlor cordierite 
(altered to pinite) porphyroblasts. Aluminum-silicates are notably absent in the 
migmatites, schists and gneisses which is ascribed to a relatively low aluminum content 
of the rocks and to the low metamorphic pressure (below). The metamorphic sequence 
is cut by several generations of amphibolite metamorphosed schist dikes. and is intruded 
to the north by a quartz-dioritic pluton. 

The pressure-temperature conditions of the Roded block metamorphic rocks are 
in the upper amphibolite facies. Maximum temperatures deduced from the chemistries 
of mineral cores in the amphibolites, cordierite-migmatites and gamet-migmatites are 
no·c, 670·C and 630'C, respectively, as determined by thermometry based on ~glFe 
exchange between garnet and biotite and Na and Ca exchange between amphibole and 
plagioclase. Temperatures deduced from mineral rims are systematically lower then 
those determined from the cores, and represent either a younger metamorphic event in 
the lower amphibolite - greenschist facies, or retrograde ionic re-equilibration during 
the cooling and uplift of the complex. The pressure conditions reached by the metamorphic 
rocks were less than 5 kbar (corresponding to 12-15 km depth). as suggested by the 
peak metamorphic assemblage of the migmatites (biotite+garnet+cordierite) and the 
corresponding absence of sillimanite-biotite bearing paragenesis. Field and textural 
relations indicate that localized melting occurred in the migmatitic rocks. Thus. it 
appears that the prograde path of the Roded block migmatites crossed the biotite + 
staurolite = cordierite + garnet reaction, and, at the highest temperature of the 
metamorphism, crossed the water-saturated granitic and tonalitic melting curves. 
. Preliminary K-Ar dating on amphiboles from one amphibolite sample ;mJ biotites 
from one migmatite sample gave ages of 730±12 Ma and -700 Ma. respectively. 
suggesting that the major metamorphic phase in Roded block took place at about 700 
Ma. Biotites from two other samples of migmatite gave unreasonably young ages lca 
535,435 Ma) which are interpreted to be a consequence of chloritization resulting from 
young hydrothermal event. 

Aluminum in hornblende barometry and amphibole - plagioclase thermometry 
indicated that the pressure-temperature conditions of the quartz dioritic pluton are 2-3 
kbar (corresponding to 5-9 km depth) and 700'C. U-Pb dating on zircons from one 
sample of the quartz diorite yielded a crystallization age of 634+' yla (kindly performed 
by Stem & Manton. U.T.D). The slightly deformed quartz dioritic pluton marks the end 
of the major metamorphic phase in the Roded block. 

The metamorphic schist dikes comprise a variety of amphibole mineral chemistries: 
hornblende. actinolite-hornblende and actinolite. Amphibole - plagioclase thermometry 
indicates 650"C in the hornblende grains, and lower temperatures of 5-W'C in the 
actinolites. The hornblende temperatures are similar to the peak temperatures in the 
metamorphic country rock. and thus it is possible that the schist dikes and the countrv 
rock are co-metamorphic. Alternatively. the hornblende could be of magmatic origin. 
The lower temperatures given by the actinolites in the schist dikes mark a retrograde 
stage of the P-T path of the Roded block. -

The Roded block probably represents metamorphism and plutonism in an 
environment of accreting island arcs and continental collision. It appears that the peak 
metamorphic conditions of the Roded block were higher then those of the Elat block. 
and possibly attained earlier in the Precambrian history. 
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The Origin and Alpine Metamorphism of Dismembered 
Ophiolites in the Cycladic Massif 

Katzir, Y., Avigad, D., Garfunkel, Z., Matthews, A. 

Institute of Earth Sciences, The Hebrew University of Jerusalem, Jerusalem 91904 

The variance in field-relations, metamorphic grade and tectonic position of ophiolites 

makes the Cycladic Massif an ideal terrane to study 'Alpine type peridotites': How does 

this diversity reflect differences in origin and/or mode of emplacement? 

Rocks of ophiolitic origin embedded within the Cycladic blueschist Unit include 

abundant basic volcanics that show heterogenous geochemical affinities (MORB, IAT 

and alkali-basalts) and exotic coarse grained basic to ultrabasic bodies. In the NW 

cyclades blocks of meta-gabbro, eclogite, glaucophanite and jadeite rock are enclosed 

in a matrix of serpentinite and form part of a thick (2-3km) succession of pelitic. 

psamitic and calcareous schists. Relict sedimentary textures suggest that this association 

originated as ophiolitic olistoliths within proximal clastic-carbonate turbidites (Mukhin, 

1995), possibly in an oceanic trench. 

In the meta-basites of the NW Cyclades the Eocene high prr mineralogy is well 

preserved despite the occurrence of the later greenschist overprint, whereas in the 

ophiolitic rocks of Naxos it was commonly erased by Oligocene-Miocene high 

temperature assemblages. Naxo<; consists of a structural and thermal dome. the core of 

which is formed by migmatite leucogneiss. primarily continental Hercynian basement. 

Wrapped around this gneiss dome is a meta-sedimentary cover dominated by siliciclastic 

micaschists at its lower part, and by emery-bearing marbles at its upper part. The 

degree of metamorphism increases through a series of isograds towards the central 

gneis~ dome. The main horizon of discontinuous ultramafic lenses occurs immediately 

above the core-cover contact in the sillimanitre zone. Some other ophiolitic bodies 

occur adjacent to the clasatic-carbonate transition in the kyanite zone. Thus, they were 

interpreted as remnants of serpentinite sheets emplaced along pre-metamorphic thrust

faults. The origin of the continental basement (and platform) - ultrabasic association on 

Naxos is most intriguing. Attributing the high prr metamorphism to collision of two 

micro-continents. this association represents intermingling of subducted continental 

rocks either with oceanic mantle of the same plate. or with the sub-continental lithosphere 

of the overthrusted plate. A more far-fetched scenario is pre-orogenic emplacement of 

mantle rocks at a continental rift axis. Relict serpentinitic textures overgrown by 

anthophyllite-talc assemblage (~650·C) within ultrabasics of the kyanite zone indicate 

that these rocks are prograde serpentinites rather than retrograde peridotites. thus favouring 

relatively shallow mantle origin for them. 
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Mapping of Soil and Rock Structure Using Method. GPR 

Kofman, L. 

enaan - Engineering Services Ltd., 55 Liberia St., 34980 Haifa 

From the early seventies, much experience had accumulated in the use of 
the Ground Penetrating Radar (GPR) for mapping of soil structures. The 
GPR method is a technique which involves sending an electromagnetic 
wave into the ground and receiving reflections from discontinuous 
surfaces. It is knwon that the GPR is very sensitive to differences in 
properties of neighbouring soil layers, especially to small changes (even a 
few percentages) in the moisture content. The equipment we used is 
SIR-lOA Radar System, equipped with 100, 300, 500 MHz antennas. The 
information is displayed as a time (depth)/distance cross-section, which is 
very similar to the geological one. 

A few results are demonstrated, obtained with different antennas in 
sand-dunes regions and in hilly carbonate rocks ones. From the printer 
plots (radargrams) of the sandy region near the sea coast of Ashdod 
various sand layers can be seen, in which there are little differences in 
moisture content inside an unsaturated interval. In this case the ground 
water-level can be clearly observed, fact that makes radar technology 
recommended for ground water investigation in extensive territories. 

GPR survey carried out in Nizana dunes. At 17 m depth interval there 
were 11 surface reflections. Most of reflecting boundaries are due to 
various moisture contents (granulometry changes). Some of them are more 
prominent (markers horizons) and show boundaries of lithologically 
different soils (sand, silt, gravel - according to drillhole). 

A considerable portion of our GPR surveys were carried out on rocky 
soil. In radargrams from many sites, different layers are frequently seen 
in the rock. From experience we know that most of the strong reflections 
are the clay layers ip. the limestone .. As the natural moisture content of 
clay is higher than that in the rock, the amplitude of reflections from 
contact clay/rock is highest. This boundaries can be clearly seen on the 
other layers' background (sand, chalk, etc.) in the limestone. GPR 
surveys from soil' surface over the rock, enables measuring changes in 
thickness of loose sediments. . 

Use of GPR enables completion of the geological picture and a more 
correct evaluation of the soil (rock) structure between only a few 
separated boreholes. 
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Use of Georadar for Detection of Underground Structural 
Irregularities . ' 

Kofman, L. 

Cnaan - Engineering Services Ltd., 55 Liberia St., 34980 Haifa 

Detecting and mapping of structural irregularities in the cross-section 
(voids, fracture zones, clay pockets, etc.) are most important for 
engineering geology. It was proven that boreholes (no matter how many) 
will not solve the problem, as they give only pointed information. The 
use of the Ground Penetrating Radar (GPR) has greatly increased lately 
for detection and mapping voids and other discontinuities. Continuous 
information, given by the radar technology, enables to create a picture of 
the fracture zones of the area planned for building or for road 
constraction. 

Thanks to phenomenon of the electromagnetic waves difractions, sections 
of cracked and hollow rock or clay pockets can be observed on the 
coloured screen and on the printer's output (radargram). In cases, where 
wavelength of the antennas and the size of the voids are of the same 
magnitude, the voids can be distinctly registered as reverberations pictures. 

Frequently and, in particular, in hilly regions (Jerusalem, Haifa, Carmiel, 
Nazareth, etc.) more exact results are received with a 300 MHz antenna 
(wavelength in air -1m). This antenna supplies information from average 
penetration depths (1-10 m) with high resolution. The 100 MHz 
antennas, with standard transmitter or with very high powered one, were 
used for detection of deeper voids in rock, even under clay layers. 
Generally, sections of radargram with strong attenuation of reflection 
amplitUdes, point to the presence of wet clay pockets. Use of the field 
printer enables partial marking of anomalous zones in real time. 

Some results obtained with different antennas in various parts of Israel are 
demonstrated. Raw data processing by means advanced software techniques 
enhances the vertical and horizontal resolution of the results obtained. For 
example, technique such as Hilbert Transform, alters void image from 
wave reverberation form to a natural void image. 

In some multistory building sites the foundation plans were changed due 
to the results obtained by GPR survey (for example: using piles instead 
of concrete slabs). A GPR survey in the preliminary stage of the project 
will enable a correct choice of the foundation method and minimizing the 
risk of deformation after contruction. 
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Evidences for 4-th and 7-th Century AD Earthquakes, Avdat 
Ruins (Israel): Seismic and Historical Implications 

Korzenkov A. M!, Fabian pl. and Becker, A.3 

1 Seismological Institute, NAS, Asanbay, Bishkek, Kyrghyz Republic 
2 Israel Antiquities Authority, Orner, Israel . 
3 Ramon Science Center, Ben-Gurion University of the Negev, POB 194, 
Mizpe Ramon 80600, Israel 

The ancient town of A vdat, situated in the central Negev, was inhabited from the Late 
Hellenistic period until the Late Byzantine period. Archeological evidence reveals that the city 
was deserted at the 4-tb and 7-th centuries, events that were explained by climatic changes or 
political unrest The present contribution deals with earthquakes as a most plausible reason 
for the desertation. The following observations indicate seismic devastation in contrast to 
failure of foundations or man made destruction: (a) the constructions are built of massive 
limestone blocks (0.5-l.5 m long); (b) buildings are situated on bedrocks; (c) arches and 
roofslabs collapsed straight on the floors; (d) walls and pilasters were shifted and rotated 
with strong preferential direction; (e) lintels were thrown a few meters in the direction of the 
wall incidence; (t) doorposts were rotated, crushed and fractured; (g) joints cut throw 
adjacent blocks overcoming the stress shadows induced by free surfaces between building 
stone. 

The following features of deformations were applied to determine the direction to an 
ancient earthquake epicenter: 
1. Wall inclinations or incidence. It is known, that walls, facing the epicenter, fall in its 
direction, whereas walls trending parallel to the direction to an epicenter, fall in both 
directions due to loss of support of the adjacent walls. The walls of stone building complex 
in Avdat trend NE and SE. Majority of the SE-trending walls fell down or were inclined to 
the south, whereas the NE-trending walls demonstrated a symmetrical pattern of the 
collapse. The similar pattern of fence downfall has been observed in the agriculture fields at 
the western foothills of the Avdat mountain. 2. Rotation of blocks situated in the mid portion 
of walls. An assumed principle is that blocks are rotated accordingly to the shear stresses 
affected buildings. Thus, the rotated blocks situated on perpendicularly oriented walls should 
have an opposite sense of rotation, if the seismic shock came from the direction close to the 
bisector of the two walls. At Avdat, the majority of the rotated blocks has been observed on 
the NE-trending walls with counterclockwise sense of rotation. One clockwise-rotated block 
has been found in the SE-trending wall. 

The distribution and orientation of the deformation features in the Avdat settlement 
indicate that the shock caused the deformations came from SSW. Thus, the epicenter of the 
earthquake was located in the central Negev, possibly at the Nafba Fault The Avdat 
evidence indicates that the seismic hazard in the Negev area is essential and should be 
considered in building constructions. Buildings like the one studied in Avdat exist allover 
the Negev and the Near East, providing a promising field of archaeoseismology. 
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Active thrust morphotectonics in the Tien-Shan -
initial field observations 

A. Korzhenkov l , D. Bowman 2 

1 Institute of Seismology, NAS KR, Asanbai 5211, Bishkek 
720060, Kyrgyzstan, c.1. S. 

2 Department of Geography and Environmental Development, 
Ben-Gurion University of the Negev, p.o.box 653, Beer Sheva, 
84105, Israel. 

The Kyrgyz Tien Shan is the longest and highest northern 
Himalayan mountain belt, located within the major plate boundary 
between India and Eurasia. Field evidence was gathered in the 
Suusamyr valley, supplemented by study of air photoes and by 
geodetic leveling across fault traces. 

Shortening is consumed here in developing folds in form of linear, 
elongate, remarkably aligned and partly breached arrays of pressure 
ridges, formed either as fault-bend folds or as fault propagation folds. 
The imprint on the drainage network is by channel diversions and 
formation of poorly drained areas controlled by shutterridges. During 
the. initial period of slow uplift the channels must have maintained 
their courses through the ridges. However, an increase in uplift rate 
(5-10 mmly) beyond incision capability (1-6mmly) surpassed a 
threshold and caused the beheading of valleys and their 
transformation into wind gaps. In some cases neither scarps nor other 
relief elements are visible as causing the drainage diversions. This 
indicates initial minor uplifts. i.e., recent neotectonics for which the 
drainage system is the best sensor. . 

The August, 19, 1992 Ms = 7.3 Suusamyr earthquake caused a 
major rupture in the recent active floodplain of the Suusamyr river. 
The compressive behavior of this blind thrust is shown in its 2.7 m 
high hanging wall side which forms a topographical flexure, 
comprising a "fold limb scarp" with extensional cracks, but without 
any rupture plan exposed. 

A ridge-top depression ("Sackung"), surrounded by arcuate cracks, 
was also formed by the 1993 rupture, probably as a collapse structure 
where the local extensional stress exceeded the regional compression. 
A sequence of saddles, probably of tectonic origin, forming antis lope 
scarps, were observed near by. 
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Arava Valley Travertines and Pleistocene Paleoclimates 

J. Kronfeld l • A. Livnat l • B. Spiro2. M. Weinstein-Evron3 

1 Department of Geophysics and Planetary Sciences. Tel Aviv University 

2 NERC Isotope Geosciences Laboratory. Keyworth. U.K. 

3 Zinman Institute of Archaeology. University of Haifa 

The final results of a long term investigation of the Arava Travertines 
that has been ongoing for the past decade are now presented. All the 
known travertine and lacustrine limestone deposits as well as many 
additional hitherto unreported travertine occurrences have been collected 
and analyzed to reveal the paleoclimatic information that they contain. 

All of the travertines have been dated by the 230Th/234U method. 

Chemical analyses. petrographic study and the isotopic analyses of 
carbon and oxygen have been performed for most of the samples. Pollen 
analysis has been carried out on selected well dated samples. 

The travertine were formed as a result of an increase (relative to the 
present) in precipitation over the surrounding area. Coevally there 
existed t~mporal freshwater lakes in the Arava Valley whose remains are 
recorded as lacustrine limestone. All of the ages fall within distinct 
clusters. with gaps (indicative of non-formation during periods of less 
humid conditions) between the clusters. from late Pleistocene. 16.000 t.o 
over 320.000 y.r. B. P. No appreciable travertine formation is currently 

taking place. The difference in the 13C and 180 composition exhibited 
among the different travertines can be readily explained by 
paleoproductivity and evaporative processes. 
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Determination or the active layer in desert streams by f1uvio-pedogenic 

indicators - Southern Arava Valley 

Judith Lekach., Rivka Arnit2, Tamir Grodek., and Asher P. Schick! 

! Department of Geography, The Hebrew University, Jerusalem 

2 The Geological Survey of Israel, Jerusalem 

A detailed stratigraphic survey conducted in the alluvial fill of the channel of 

Nahal Yael indicates an existence of a continuous, compacted, red-colored 

(SYR6/2) unit at an average depth of SO cm beneath the surficial grey 

(IOYR6/2) non-cohesive alluvium. Cementation by calcium carbonate, eather 

micritic, partly filling the interstitial voids, or calcic cutans enveloping the 

grains, cause the compaction. Reddening is due to small amounts of iron 

oxide coatings. The transition between the 'grey' and the 'red' alluvium is 

abrupt. The compaction and the reddening diminish gradualy downward, 

forming a diffuse lower boundary. At depth of30-40 cm from the top of the 

'red' unit the alluvium becomes gray as on the channel surface. Similar units 

were found in other channel beds in the region (Roded, Shehoret, Zin), but at 

various depths from the surface. 

. The formation of the 'red' unit is tied to the cumulative influence of 

persistent differences in water availability to various parts of the channel 

before and during flood events. It represents the lower limit of scour and fill 

processes operating in the channel during the contemporary flow regime. 
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Analysis of Slope Stability by back calculation of slope failure in an open pit 

Phosphate mine in Arad area 

Levin, M., Hatzor, Y. 

Department of Geology and Mineralogy, Ben-Gurion Univenity of the Negev, 
84105 Beer-Sheva 

A rock slope failure that took place during August 1994 in an open pit phosphate mine 
in Arad area, was analyzed by back calculation in order to estimate the slope stability 
along the south-eastern slopes of the Efea anticline. The failure contsists of a large 
mass of rock. 40 m, height and 30 m, width. The stratigrafic sequence is comprised of 
brittle and limy phosphates of the Mishash formation, kaolin marl of the A'reb 
formation, and boulders and gravels conglomerate with silty sand, where the lower 
part is natural alluvium and the upper is an excess material from earlier mining. 
A mechanical model was drawn from a geological map based on measurements of the 
slope gradient, failure plane, fractures and boundaries between geological units, using 
Brunton compass and EDM (total station). The mechanical model suggested, a block 
sliding along a bedding plain. The sliding plane inclination is between 17-21 ° at 
azimuth 135°. 

In order to verify the model, the following mechanical tests were performed: 
1 )Residual friction angle for various bedding planes using tilt test. An everage value of 
27° was obtained. 
2) A clay lamina interbedded between phosphatic limestone and chart layers was tested 
in C-D direct shear. Values of 19.2° were received for friction angle and 589 kPa for 
cohesion. 
3) Samples of phosphate rock were tested in triaxial compression. Values of 40-41 ° 
were received for friction angle and 2.5-6.4 MPa for cohesion. 
These results confirm the working hypothesis that sliding is induced by shear along the 
clay lamina, once the block is separated from the rock mass by the tension crack. 

Two interesting phenomena which were discovered suggest a challenge for further 
investigation: one is the propagation oftension crack and its relation to tectonic 
fractures, and second is the role of cohesion in the mobilized Shear Strength. 

tension crack 

conglomerate 

mart 
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On-Site Phase Geochemical Techniques for Mineral Exploration and 
Hydrocarbon Prospecting: Two Case Histories from Southern Israel 

Levitski, A.,' Filanovski, B.,' Bourenko, T.,' Kremen, R.,' 
Tannenbaum, E.,2 Bar-Am, G.2 

, ExploTech Ltd., P. O. Box 3, Ariel 44837 
2 Kimron Oil & Minerals Ltd., 21 Yona Hanavi SL,.Tel Aviv 63302 

Two on·site phase geochemical techniques - method of diffusion extraction (MOl) and 
"dipole" version of the CHIM method - were tested at the Ein Yahav site in the Negev 
area. and at the Kokhav Oil Field near Ashqelon. Both MOl and Dipole CHIM are based 
on selective extraction of mobile fOllOS of pathfinder elements from surface soils/rocks. 
The tests were performed with a view to verify feasibility of said techniques in prospecting 
for deeply seated hydrocarbon accumulations. and in exploration for mineralizations 
covered by transported overburden. -

At the Ein Yahav site. a test profile crossed an ultra-basic dyke covered by fresh wadi 
sediments several meters thick. The dyke projection on the surface was marked by 
anomalous concentrations of Cu. Fe. Ni. Pb. Zn. V. Cr. Mn. Co. Sr. AI. Au. As. Sn and B 
in MOl samples. and by high readings in AI. Fe. Mn. Ni. Ti. Zn. Cu and Pb by the Dipole 
CHIM. A comparison of MOl and ClllM dala for Ni is given in Fig. 1. 
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At the Kokhav site. where oil producing formations are found at a depth of about 1500 m. 
an E-W MOl protile crossed both transition zones of the oil tield. showing a "rabbit ears" 
anomaly in Cu. Zn. V. As and Sr. The CHIM sampling was performed over the western 
boundary of the Kokhav Field. which yielded anomalous readings in Co. Cr. Sn. Pb. Sr. V 
and Zn (Fig. 2). 

An analysis of the MOl and the CHlM data derived from the above tests. allows for the 
following conclusions. 
- Both investigated methods have enabled the detection of mineralization covered by 
freshly transponed overburden. and of the boundaries of an oil lield. 
- The MOl anomalies are wider than the CHlM ones and could be identitied by fast and 
relatively inexpensive low-density sampling. 
- The CHIM anomalies are of higher contrast than those produced by the MOt and more 
accurately pinpoint the larget's projection on the surface. 
- In both mineral exploration and hydrocarbon prospecting. successive u:.e of the MOl and 
the Dipole CHlM could be suggested prior to drilling or mining. 
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OC'l'OPODS IlUDB lUDIOIIOIDS 'rImT SURVIVBD TIIB KIT BOUllDARY 
BCOLOGlCAL CRISIS 

Levy, I. 

aeological Survey of Israel, 30 Halkhe Yisrael st., Jerusalem, 
95501. 

Most ammonoid conchs increase dimensions in a pattern constant 
for each morphotype toward the final growth staqe, which is 
recoqnized by ornament weakeninq and crowding of the last few 
septa. Other ammonoids change mode of coiling, inflate their 
last body chamber, constrict the terminal aperture or develop 
apertural processes. These latter modifications were assumed 
to represent maturity durinq which time the ammonoid probably 
lived a few years in its prime livinq staqe. However, most of 
these modified conchs of the live ammonoid floated with an 
upward facinq aperture, restricting lateral movement, mating 
and predation. The constricted aperture prevented the female 
from extracting the tentacles to attach eggs onto substrates 
as most extant cephalopods do. The fatal consequences of these 
modifications suqgest that they had a crucial role in the 
ammonoid life cycle close before its death. The apertural 
processes in microconchs (assumed males) may have improved 
copulation, after which the males died. The terminal body 
chamber of macroconchs (females) was modified into a boat-like 
floatinq eqq-case, in which the female laid eggs and therafter 
died in it. Thus breedinq was performed in the drifting eqq
cases in the open ocean, increasinq ammonoid dispersal. The 
few recorded fossil ammonoid eggs are of tiny spheres, 0.5-0.8 
mm in diameter, like that of ammonoid protoconchs. These yolk
poor egqs differ from eggs of most extant cephalopods, which 
co~tain excess yolk for the young until they can prey by 
themselves. The corpse of the ammonoid female lay in the egg
case when the unequiped young hatched, and thus may have 
nourished them. The conchless female octopod Argonauta lays 
tiny spherical eggs within a specially secreted calcitic egg
case in which she dies. This breeding strategy is unique to 
argonautids and a group of ammonoids suggesting a common 
phylogenetic origin. Thus argonautids are regarded ammonoids 
that lost their conch in Jurassic or cretaceous times. As nude 
ammonoids that breed in floating egg-cases they used to occupy 
empty ammonites before breeding, acquiring the ability to 
modify conchs by secreting calcite from the expanded tips of 
two tentacles. Lacking an exoskeleton, they survived the KIT 
boundary ecological crisis like the genuine coleoids. The 
following disappearance of floating ammonoid conchs from the 
Cenozoic seas forced them to secrete a complete egg-case for 
breeding. The other (non-argonautid) octo pods originated from 
ammonoids, which did not modify the terminal body chamber, and 
which laid yolk-rich eggs onto substrates like these extant 
octopods, evolving by losing the conch in Jurassic times 
(oldest octopod known from the Callovian). 
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PETROLEUM ZONATION OF THE SOUTHERN COASTAL PLAIN. ISRAEL 

(PRELIMINARY ANALYSIS) 

Y. Livshits 
29/2 Shimoni Street. Tel-Aviv 

The Coastal Plain of Israel is situated on the boundary of 
the eastern Medi terranean basin and the Sinai subplate. The 
separate historical-structural maringal fault belt unit. with 
its particular morphology and geological history. is 
postulated and traced in a submeridional direction along the 
boundary of the basin and subplate. The marginal faul t belt 
can be divided into five subparallel zones: the western fault 
zone. the western horst-anticline. the central fault zone. the 
eastern horst-anticline and the eastern fault zone. The most 
uplifted part of the marginal fault belt is the Western horst
anticline which is complicated by a series of en echelon 
anticlines. The Helez horst (wth the Helez-Brur-Kokhav oil 
field) is situated at the western flank of the 
horst-anticline. 

The eastern Medi terranean basin lies mainly offshore. In 
the study area it is represented by it eastern slope only with 
two submeridional blocks: the western downfaulted Shiqma block 
and the eastern uplifted Ashdod block (with the Ashdod oil 
field) . 

The differences in the geological development of the 
eastern Mediterranean basin. the marginal fault belt and the 
Sinai subplate may be noted during all the main stages of the 
geological history. since the formation of the Riphean molasse 
basin (Zenifirm Formation). The maringal fault belt was the 
most mobile zone during almost all of the platform history. 

Based on principles of new tectonic zonation and the 
reconstructin of geological history in the context of the main 
elements of the petroleum system. two petroleum provinces are 
distinguished: (a) the eastern Mediterranean and (b) the 
northern Arabian. The boundary of the provinces coincides with 
the eastern boundary of the marginal fault belt. Within the 
eastern Mediterranean petroleum province. several petroleum 
subprovinces may be picked out: sea. beach (eastern 
Mediterranean basin) and marginal (marginal fault belt) and 
some petroleum regions: Ashdod. Shiqma (beach subprovince). 
Helez and Telamim (marginal subprovince). 

Taking into account that the Helez-Brur-Kokhav and Ashdod 
oil fields are sitated in different petroleum provinces. it is 
possible to reduce the risk and concentrate exploration in the 
most attractive areas first. The way to discovering new oil 
fields in the Coastal Plain of Israel and the adjacent shelf 
lies in comprehensive petroleum zonation based on detailed 
tectonic zonation in the context of basin evolution and the 
main elements of the petroleum system. Only in this way can 
risk be reduced and a correct exploration strategy and 
exploration priorities program be developed for the Coastal 
Plain and shelf zones. 

OIL IN ISRAEL IS NOT A MIRAGEI 
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Influence of soils on the Avdat Aquifer salinization (Southern Shfela 
Israel). 
Livshitz, Va. 

Institute for Desert Research, Ben-Gurion University of the Negev; Beer Sheva 
84105 

The main source of groundwater salinity of Avdat Aquiver {fractured Eocene 
chalks} is the ancient residual water from the chalk's porous. This water lead to the 
high salt concentration (up to 5000 mgtl of chloride) and Mg-CI water type (water 
from marine source - rNa/rCl ratio near 0.85, Q=rCa/[rS04+rHCOl ] near 0.3, [rCI-

rNa]/rMg <1 and rBr/rCl near 1.5*10-3). 

Comparison of soil type and groundwater chemical composition (data from 23 
wells collected during 1994-1995) indicates, that the soil type influence on the 
groundwater chemical composition. 

There are three main soil types in the region: 1) brown lithosol and brown rendzina 
on slopes; 2) grurnusolic soils; 3) loessiallight-brown soils and loess. 

The minimal groundwater salinity (150-600 mgtl of chloride) was observed in the 
eastern, elevated part of the area. In this area the Avdat Group chalk is outcropped or 
overlaid by brown lithosol and brown rendzina. Westward, the groundwater salinity 
increases up to 5000 mgtl of chloride in the loess area. Groundwater salinity in the 
grurnosolic soils area ranges from 1000 to 1500 mgtl of chloride. 

The development of groundwater salinization can be explained as follows: 
1. Fresh rain water and flood (10-20 and 80-120 mgtl of chloride accordingly) 

percolate, mostly through fractures, and enrich the Avdat Aquiver groundwater in 
the eastern. elevated part of the region. 

2. Flowing westward, the groundwater is enriched by salts by leaching of the chalk 
porous media. Groundwater in the chalk outcrop and brown lithosol or brown 
rendzina area is mixed with fresh rain water. 

3. In the loessial soil and loess area the groundwater salinity increases sharply 
because of lower permeability of loess. In the losses area only 2% of rain arrives to 
the groundwater system (Issar et al. 1988). 

The same phenomena of groundwater salinity increasing have been detected in the 
river alluvial fill water in Southern Shfela (data from 8 wells collected during 1994-
1995). This water characterized by Na-S04 water type ( water rNa/rCI ratio> I. [rNa-

rCI]/rS04 <I and rBr/rCl near 4.5* 10-3). The change of Mg-CI water type of rain and 
Avdat Aquiver water to Na-S04 water type of flood and alluvial till water can be 
explained by salt leaching from the soil: sulfate. that was deposit during special 
climatic conditions in Pleistocene (Issar. et al.. 1988). halite as result of evaporation of 
previous rain (Rosental et. al.. 1983). feldspar (Magaritz et. al.. 1984). and ion 
exchange process. Alluvial fill water in the losses area is more saline (up to 2200 mgtl 
of chloride) than in brown rendzina or brown lithosol area (300 -550 mg/I of 
chloride). 

Therefore. the influence of loess sequence on groundwater salinization occurs by 
two ways: the loess prevents a rain water percolation to groundwater. and on the other 
hand leaching of salts from the loess increases the salinity in the underlying 
groundwater. 
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Simultaneous evolution of earthquakes and faults in a rheologically layered half-space 

Lyakhovsky, V.', Ben-Zion, yZ., Agnon, A.' 

'Institute of Earth Sciences, The Hebrew University, Jerusalem, 91904 

(vladi@cc.huji.ac.il) 
zDepartment of Earth Sciences, University of Southern California. Los Angeles, CA . 
90089-0740 

Most faulting and earthquake models confine to activity along a single or a few fault 
elements. Notable exceptions are calculations of elastostatic deformations in a thin 
plate to simulate, respectively, long histories of regional seismicity and the 
development of regional faults. Such 2D models, however, ignore fault interactions 
involving the third dimension, e.g. through coupling of the upper seismogenic layer 
to a viscoelastic substrate. This coupling leads to inelastic deformation zones that 
spread in the underlying ductile lower crust and, in turn. load faults in the upper 

. seismogenic layer. Equally important. the above models employ either fixed imposed 
faults or material properties that are constant in time, neglecting the evolution of 
both the geometry and the rheological properties of fault systems with the ongoing 
process. 

In the present work we attempt to overcome the above shortcomings using the 
framework of a deformation- and time-dependent damage rheology in a model 
consisting of a layered elastic/viscoelastic half-space. Our model allows us to sim~!ate 
long histories of crustal deformation, and to study the simultaneous self-organization 
of regional earthquakes and faults. 

The results o( the simulation display locali7.ation of randomly distributed initial 
damage into an evolving fault system. Frequency-size statistics of our synthetic 
earthquake catalog show a Gutenberg-Richter relation for large events. and 
demonstrates induced series of small events following a large one (Figure). 
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High resolution a180, a13e and chemical composition of Lisan 
Formation aragonites • Inferences for the geochemical history of lake 
Lisan (Paleo Dead Sea) 

M. Machlus, M. Stein, Y. Kolodny and A. Katz 
Institute of Earth Sciences, The Hebrew University. Jerusalem 

Oxygen and carbon isotope ratios (1; 180 and /ll3C) and Sr/Ca. NalCa ratios in Lisan Fonnation 
aragonites are used to constrain the geochemical history of Lake Lisan. the late Pleistocene precursor of 
the Dead Sea. Lisan Fonnation extends from the Sea of Galilee to Hazeva. It is comprised of white 
aragonitic laminae (up to a few nun in thickness). alternating with dark detrital laminae. and from layers 
of gypsum and detritus. 

We have perfonned high resolution sampling of Lisan Fm. at Perazim valley (section PlI. which 
was dated by U·series to 70- 26 kyr before present). Aragonite laminae were separated and analyzed for 
oxygen and carbon isotope ratios. and for Ca, Sr and Na concenttations. 

The variations in the geocbemical parameters with beight in the section are ilIusttated in Fig. 1. It 
shows that Sr/Ca ratios decrease systematically from value of 8.5*10.3 (eq) at the bottom to 5.0*10.3 
at the top of the section. NalCa ratios vary between 5*10-3 at the bottom to 9.5*10-3 at the top.-/l180 
and /ll3C values range between Ito 5%0, and -3 to 4.5%. respectively. We note that the average 0180 
values are - 1%0 heavier in the upper part of the section compared to the bottom. Superimposed on the 
general trend, /1180 and /ll3C show sbott fluctuations over a few cm in the section (time scale of tens 
of years). For example. next to detrital layers /1 180 values show excursions of up to 3%0. There are 
abundant detrital layers between 8 to 29 m in the section (approximately between 57 to 34 kyr). In this 
part of the section Sr/Ca ratios sbow a scattered behavior. 

Similar to the Dead Sea, Lake Lisan was characterized by a layered configuration - a more saline lower 
layer overlain by a more dilute upper layer. The geochemical parameters determined in this study reflect 
the evolution of these water bodies. The strong fluctuations in /1 180. and /lI3C in consequent layers 
may reflect the development of an upper water body with sbott residence time, wbich precipitated the 
aragonite. The composition of this water body was controlled by the input/output relation and mixing 
with the lower water body. The history of the lower water body is reflected by the long tenn behavior of 
Sr/Ca and probably by the increase in the /1180 and /l13C along the section. Katz et aI. (1977) found a 
similar secular decrease in Sr/Ca ratios in a Lisan Fm. section near Masada. They explained this 
behavior by a continuous fresh water input to the lake and mixing with the more saline water body. 

The excursions in 0180 and /lI3C adjacent to the detrital layers probably reflect changes in the 
balance between input water and evaporation rate. The higher density of detrital layers in the middle part 
of the Pl I section. and the strong fluctuations in the chemical parameters may indicate that this time 
interval was dominated by frequent changes in the lake level. 

Katz A .. Kolodny. Y. and Nissenbaum A. (1977) Geochim. Cosmochim. Acta. 41: 1609-1626 
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EVALUATION OF THE IOC CAPABILITIES 

FOR MONITORING SEISMIC ACTIVITY IN AND AROUND ISRAEL 

A. Malitzky and A. Shapira 
The Institute for Petroleum Research & Geophysics, Holon 

In the framework of efforts to reach an agreement to stop 

nuclear testing, the UN has established a global seismic 

network to monitor the Comprehensive Test Ban Treaty (CTBT). 

The current seismic network is based on on-line and off line 

stations distributed around the world which are analyzed by an 

International Data Center (IOC) currently located in 

Washington DC, USA. Based on the reviewed events bulletins of 

the IOC. the earthquake catalogs of the National Earthquake 

Information Center (NEIC) of the U.S. Geological Survey and, 

mainly, the seismological bulletins of the IPRG Seismology 

Division. we have evaluated the current capabilities of the 

IOC in monitoring the seismicity in and around Israel. Our 

main conclusions are: 

1. About 94% of the seismic events which occurred during 

January to November 1995 in the eastern Mediterranean 

region, and about 96% of the events occurring in the 

Levant of magni tudes M) 2.5. were NOT reported by the IOC. 

2. The location errors of the few events which were analyzed 

by the IOC are in the order of several tens of kilometers, 

probably unacceptably high for monitoring the CTBT. 

3. The IOC mislocation estimations are inconsistent with the 

observations. 
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Fault-Zone Waves: a New Tool for Studying Faults 

Shmuel Marco1,2, Amotz Agnon1, Yehuda Ben-Zion3 

l. Institute of Earth Sciences, Hebrew University, Jerusalem, Israel. 

2. Institute for Petroleum Research and Geophysics, Holon, Israel. 

3. Department of Earth and Planetary Sciences, Harvard University, Cambridge, 
Massachusetts. USA. 

Can fault-zones and dikes conduct seismic energy? 
Our field experiments show that fault gouges and certain dikes can efficiently 
conduct seismic energy. particularly in a scale relevant to environmental 
studies. Seismic waves that travel within and in the vicinity of the gouge can 
be modeled to give information on its dimensions. attenuation of seismic 
energy. and velocity contrast with surrounding country rocks. 
Fault-zone waves (FZW) carry seismic energy traveling within- and refracted 
along-fault gouges and fault-zone material interfaces. The analytical tool for 
modeling FZW was developed by Ben-Zion and AIci [Bull. Seism. Soc. Am.. 80. 
971-994. 1990]. FZW from earthquakes were observed in California and were 
used to constrain the fault-zone thickness. seismic attenuation coefficient and 
velocity. 
In order to study the feasibility of modeling fault zones along the Dead Sea 
Transform system. we performed a series of experiments in exposures of the 
Shelomo fault and in a schist dike. both in the Elat region, southern Israel. 
We used a 5 kg hammer and a 30X30 cm aluminum anvil as a source and an 
EG&G Geometries with up to 48 channels recording system. Recording was set 
off by a contact trigger attached to the hammer. The minimum frequency of 
the geophones was 4 Hz. Sampling interval was 0.5 ms. recording length was 
2048 ms. Geophones were placed every 2.5 m or 5 m along a straight line 
normal to the fault or dike strike. Hammering was done along a line parallel to 
the geophones line. 
Our preliminary observations indicate that even a weak source such as hand
held hammer generates enough seismic energy that travels in fault gouges and 
dikes with anlplitudes that are markedly higher than those that travel in the 
adjacent rock units. The signals are very clear even without processing. 
We plan to carry out similar experiments with stronger source (explosions or 
vibroseis) and place the geophones at larger distances in order to spread the 
arrivals of different phases. These experiments can be run as a cheap, simple 
addition of several shot points to conventional reflection/refraction lines that 
cross known faults. We also suggest to install a seismograph on the main trace 
of the Dead Sea Transform using natural sources to study the properties of the 
transform in high resolution. similar to what is done in the San Andreas Fault. 
California. 
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The Masada Fault Zone in Outcrop and Geophysical Images 

Shmuel MarcoI,2, Han Brunner2, Evgeny Landa2, Uri Basson3, 
Amotz Agnon 1, and Hagai Ron2 

1. Institute of Earth Sciences, Hebrew University, Jerusalem, Israel. 
2. Institute for Petroleum Research and Geopbysics, Holon, Ismel. 
3. GeoSense LID, 9 Antokolsky St., Tel Aviv. 

In order to study the subsurface geometry of the Masada fault zone, we 
combine ground penetrating radar (GPR) and high resolution seismic reflection 
profiles across a N-S trending fault zone that was found 1 km east of Masada in 
outcrops of the Usan Formation. 

Fault planes paralleling the main graben faults and morphological trends are 
overlain by continuous horizontal layers, indicating that they are 
syndepositional. The planes dip 50° to 70° eastward as well as westward, with 
normal displacements up to 2 m. The average strike is 360° with distribution 
pattern resembling the active graben faults. Gouges, consisting of fine 
aragonite and detritus breccia, calcite and some gypsum, are commonly less 
than 10 em thick. 

One GPR prOfile was made at the top surface of the Usan above a buried fault 
whose· location and dip are known from exposures. The clear diffraction 
pattern above the fault is gradually offset westward at depth, in accordance with 
the fault dip. We therefore interpret similar diffractions in other sections, as 
well as offset and discontinuous reflectors, as fault planes. The seismic profile 
also shows discontinuous markers and clear diffractions. The faults can be 
traced down to about 200 m (0.3 seconds 2-way), well below the Usan 
Formation. 

Although suitable markers are absent, it seems that horizontal slip is not 
significant because the prevailing dip is typical of normal faults and because 
none of the deformations that usually accompany strike slip are present. An 

upper bound of the maximum E-W extension across the 300-m-wide fault zone 
is estimated by considering 6 fault planes dipping 50° to 70° with 2 m vertical 
slip on each. This estimate yields 1.4%-3.3% extension during the Usan time. 

The studied faults do not displace the uppermost few meters of the Usan 
Formation which were deposited after faulting migrated. The current active 
fault lies -3 km east of the Dead Sea shore, where seismic profiles of other 
workers show a similar pattern of active syndepositional fault scarps. 
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NEOTECfONIC ACflVITY IN THE SHALLOW CONTINENTAL SHELF OF 

CENTRAL ISRAEL 
Yossi Marti 

1. Leon Recanati Center of Marine Studies, University of Haifa, Haifa 

Indications of neotectonic activity was encountered along the shallow 
continental shelf of central Israel, off Caesarea and off Atlit. The ancient 
harbor of Caesarea presents apparently ambivalent evidence, because the 
large Herodian breakwaters are presently submerged 5-8 m below sealevel, 
whereas other contemporary coastal installations in the same area remain at 
sealevel. High resolution seismic reflection surveys in the very shallow 
continental shelf encountered a series of coast-parallel faults that displace 
both the eolianite, which crops out along the coastal zone, and the submerged 
breakwaters. The faults have 1-3 m of offsets, downthrowing their seaward 
flank and leaving their landward flank stable. The stability if the coastal flank 
is verified by the Roman aqueducts, which maintained their original gradient 
of 0.5 %0 between Beit Hannania and Caesarea. It is suggested that the 
subsidence of the ancient breakwaters was caused by neotectonic 
displacements on these faults and enhanced by solifluction. 

A seismic reflection survey was carried out also in the proximal shelf off Atlit, 
located on a promontory of late Pleistocene eolianite, truncated by faults to 
the north and the west. The seismic survey encountered two series of faults, 
trending N-S and NW-SE, offsetting the upper strata by 1-3 m. Faulted 
escarpments of the N-S faults are barely covered by sediments, suggesting 
that they are tectonically active. The escarpments of the NW -SE faults are 
rarely exposed, suggesting their late Pleistocene age. Submerged at 12 m and 
undamaged, a Pre-Pottery Neolithic well near a major NW trending fault 
indicates structural stability of this group of faults during the last 8,000 years. 

Apparently the neotectonic activity of the Mediterranean coast of Israel has 
shaped the coast of the southern Levant during the Late Pleistocene and the 
Holocene, and offsets occurred even during the last 2,000 years. The 
displacements, however, are not widespread, and stability of the footwall was 
measured concurrently with the subsidence of the hanging wall. Merging of 
geophysical data with archaeological observations confmns the essence of 
historical records on earthquake damages in the coastal plain of Israel. It 
seems that the faulted subsidence of the proximal continental shelf is a 
consequence of the Plio-Quaternary subsidence of the southeastern 
Mediterranean basin, 
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ERATOSTHENES SEAMOUNT AND ITS CRETACEOUS TECTONIC SETTING: 

RESULTS OF ODP LEG 160 

Y. Marti, A.H.F. Robertson1, and ODP Leg 160 shipboard science party 

I. Leon Recanati Center for Marine Studies, University of Haifa. Haifa 
2. Grant lnst. of Geology and Geophysics, Edinburgh University. Edinburgh 

The continental margin of the southern Levant and the adjacent marine basin of the SE 
Mediterranean are remnants of the southern continental margin and oceanic crust of the 
central Neotethys. In the NW area of the SE Mediterranean basin are Cyprus and the 
Eratosthenes Seamount. Cyprus is known to differ geologically from the southern Levant, 
and the geological boundary between the African and the Eurasian tectonic plates is 
located between them. The Eratosthenes Seamount has not been masked by the thick 
sediments of the Nile deep-sea fan or by the Messinian evaporites. and is thus critical for 
determining the plate boundary in the eastern Mediterranean. Located some 100 km south 
of Cyprus. the Seamount is elliptical. nearly 100 km long and 60 km wide. It rises from 
depth of ca. 2.500 m to peak at 600 m below sealevel. It is surrounded by faulted troughs 
that widen in the west to become a small abyssal plain. Seismic refraction suggests that it 
is founded on thinned continental crust. which may be of similar character to the crust 
under Cyprus. whereas a section of oceanic crust probably separates it from the southern 
Levant. The Cyprean Arc. namely Cyprus active margin. is an arcuate bathymetric feature 
overlying a major. northward-dipping thrust fault. interpreted as a subduction zone. that 
separates Cyprus from the Seamount. In view of the critical setting of Eratosthenes 
Seamount, recent geophysical surveys there were followed up by drilling a N-S of three 
Ocean Drilling Program boreholes across the Seamount. during ODP Leg 160. Borehole 
ODP 967 was drilled on the northern slope. at water depth of ca. 2,500 m. and bottomed at 
600 n.l below seafloor. Under nearly 100 m of Plio-Quaternary sediments. where 96 layers 
of sapropel and 3 of volcanic ash were recorded. and under 25 m of late Miocene micritic 
carbonates. the borehole then encountered bathyal chalks of Middle Eocene and 
Coniacian-Maastrichtian ages down to 446 mbsf, underlain in tum by shallow marine 
limestone. No datable fossils were encountered in the limestone of the lower 144 m of the 
borehole. but a mid-Cretaceous age of this section is suggested based on comparison with 
the southern Levant. By contrast, ~uthern C)lIlDIS is dominated by the 92-88 Ma Troodos 
ophioli~ The occurrence of shallow-marine mid-Cretaceous sequence in Hole 967 and 
t'ile absence of ophiolite, emphasize the geological similarity of Eratosthenes Seamount 
with the southern Levant. but its contrast with the geology of southern Cyprus. This 
supports the existence of a plate boundary between the two areas. 

The findings of ODP Leg 160 boreholes suggest that the Eratosthenes Seamount was a 
shallow marine feature off Africa in the mid-Cretaceous. which then subsided to bathyal 
depths in the Senonian. The Seamount remained submerged in the Eocene. but as Africa 
and Anatolia drifted toward each other, the Cyprus-Eratosthenes basin progressively 
closed. The Eratosthenes crustal unit was then thrust under Cyprus. probably in the Plio
Pleistocene. consequently fueling the uplift of southern Cyprus. The northward-dipping 
reverse fault between Cyprus and the Eratosthenes could lie in the vicinity of a Late 
Cretaceous subduction zone, responsible for partial destruction of the southern Neotethys, 
and the genesis of the Troodos as a supra-subduction zone ophiolite. 
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Solubility experiments in a diamond anvil cell: NaCI-H20 to 2 GPa and 300°C. 

Ari Matmon and Oded Navon, 
Institute of Earth Sciences, The Hebrew University, Jerusalem, Israel. 

We report a new, simple method for measuring the solubility of salts at high 
pressure and temperature using the diamond anvil cell (DAC) and apply it to the study of 
the NaCI-H20 system in the range 0-300°C, 10s-2xl09Pa (1 bar-20 kbar). 

Water and halite in approximately known proportions are loaded in a hydrothermal 
DAC (Shen and Bassett, 1992) together with a small ruby grain and the cell is pressed to 
about 0.2 GPa. Temperature is then raised and the size of the halite crystal is monitored 
until it almost fully dissolves. Pressure is determined using the ruby; equilibrium is 
demonstrated by watching the crystal dissolution and growth as T is varied by ±2°C. 

Additional points on the halite liquidus are determined by cooling, increasing 
pressure, and heating to almost full dissolution. Pressure is then lowered until the final 
point is determined in the presence ofhalite+solution+bubble. This point lies on the 
three phase line (Potter et aI., 1977) and the dissolution temperature exactly defines the 
composition. 

Seven compositions with 27-38 wt% dissolved NaCI show mild dependence of 
solubility on pressure. Solubility increases with increasing pressure up to about 0.5-1 
GPa, and then decreases slowly with further increase. The effect of pressure decreases 
with increasing temperature (dP/dT of the liquidi becomes steeper and more negative). 
These trends can also be recognized in the data of Bodnar (1994) for solution with 40 
wt% halite which are in very good agreement with our results. 
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mE GEOLOGY OF mE GILO VIADUCT 

Lucian Michaeli and Yaacov Arkin 
Geological Survey of Israel, Jerusalem. 

Annual Meeting, 1996 

The Gilo Viaduct is one element of a highway project connecting Jerusalem and 
Gush Ezion. The viaduct spans 3S0m over Nahal Har Gilo rising some SOm above the 
valley floor connecting the Gilo Short and Long tunnels. It stands on five pillars and its 
extremities rest on the north and south slopes of the valley. 

The rocks exposed at the site belong to the Upper Cretaceous Judea Group 
which form the backbone of the Judean Mountains of the area. The rocks along the 
viaduct alignment are mainly dolomite, limestone, marl and clay of the Amminadav, 
Moza and Bet Meir Fms. 

Bet Meir Fm (Kubm): consists of yellow well bedded dolomitic marl with some 
flint concretions. Pillars Do and Eo of heights of38.Sm and 4Sm are founded in this 
formation in well consolidated marl. 

Moza Fm (Kumo): consists of yellow marl with some interbedded thin limestone 
beds and lenses of fat blue-green clay. Large blocks of massive dolomite from the 
overlying Amminadav Fm., are imbedded in the marl. Pillar Co of20.Sm high is founded 
on this marl. 

Amrninadav Fm (Kua): consists of light yellow limestone interbedded with limy 
dolomite and grey hard dolomite. Pillars Bo and Fo of heights of 10m and 19.5m as well 
as the extremities (Ao, Go) of the viaduct are founded on these rocks. 

At each pillar site an excavation of 14m x 14m was made with the depth varying 
according to the rock type exposed at the base. Detailed mapping oflithology, fractures 
and karst was carried out. On this basis the following operations were carried out at each 
site. 

1. Excavation to the planned depth of the foundation or deeper depending on the 
ground conditions. 

2. The floor of the excavation was cleaned of all rock fragments and flour. All 
fractures and solution features mapped and rock quality determined. 

3. A 20-2Scm thick cement floor was laid. 
4. Radar survey was carried out to determine potential disturbed areas below the 

floor. 
S. Results of mapping and radar were correlated and potential weak areas 

marked. 
6. Recommendations made for grout drilling and follow-up test holes. 
The data from all operations were recorded and final test holes showed that 

grouting operations were successful. These operations provided the basis for foundation 
construction. 
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The Use of Ostracode Biozonation in the Geotechnical. Evaluation of 
the Mount Scopus Tunnel, Jerusalem 

Y. Mimran l ; A. Honigstein2; A. Rosenfeld l and Y. Arkinl 

1 Geological Survey of Israel, 30 Malkhei Yisrael St.9SS0l Jerusalem 

2 Ministry of Energy and Infrastructure, Oil and Gas section 234 Yafo Rd., Jerusalem 94387 

The 400m long Mount Scopus tunne~ which is a part of the Jerusalem - Ma'ale Adumim highway is 

planned to be excavated through chalks and marls of the Senonian Menuha Formation. The total 

thickness of the sequence exceeds 100m, lacking identifiable lithologic markers. Significant lateral 

variations in rock mass quality have been attnbuted to the clay mineralogy and total clay content in the 

chalk. 

Some 250 samples from cores retrieved from the seven boreholes along the tunnel route. spaced I-2m 

in average. were analysed for acid insoluble residue, CaO, MgO, S03 and P205 contents. Duplicate 

samples were used for determining the ostracode assemblages. The subdivision of the sequence into 

five biozones and subzones of Late Coniacian to Late Campanian age was clearly recognized. 

Several geotechnical conclusions were derived from the application of ostracode biozonation on the 

geological' cross section constructed along the tunnel. 

a) The ostracode biozones maintain a rather constant stratigraphic thickness throughout the route. 

b) The deduced dip of the strata is 5" SE, as also anticipated on the basis of regional structural 

considerations. 

c) Most of the tunnel is expected to be excavated in the Late Santonian S-3a subzone. Emphasis was 

therefore put on the geotechnical characterization of this unit. 

d) Abrupt reduction in thickness of some units and significant changes in their elevation led to the 

interpretation of three faults crosscutting the tunnel. 

The exact location of the faults and the possibility of intersection of fault surfaces with boreholes, were 

considered also in accordance with identified crushed intervals in the borehole cores. 

The joint micro palaeontological and geotechnical technique in this study may be applied to future 

geoengineering projects in the chalky Menuha formation, in other parts ofthe country. 
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Geochemistry of the emerald-bearing micaceous rocks from 
the Urals 

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

The author examined emerald-bearing micaceous rocks from the four deposits 
of the Urals, which are located in the East Uralian rise in a region of ultrabasic, basic, 
intermediate and subsequent acid magmatism. These emerald - beryl deposits consist 
of a number of phlogopite rock bodies, related to the greisen association, with a 
superimposed pneumatolytic - hydrothermal beryl mineralization resulting from the 
influence of granite intrusive on the country rocks. As in the Urals, the main deposits 
of emerald in South Africa, Brazil, India and Egypt are located in regions where acidic 
magmas have penetrated rocks in the vicinity of basic and ultrabasic rocks. In this 
manner hydrothermal solutions have generated metasomatism of the ultrabasic and 
basic rocks leading to the formation of emerald. 

The geochemistry of the emerald ores in the Urals is characterized by an 
unusual quantitative and qualitative combination of elements of, on the one hand, the 
granitic intrusion (potassium. sodium, fluorine (in part), beryllium, boron, 
molybdenum, rare alkalies, zinc and barium), and on the other , the country rocks 
(magnesium, iron, chromium, titanium, nickel, cobalt, copper and sodium (in part). 
This points to the metasomatic pneumatolytic - hydrothermal nature of the micaceous 
rocks. 

The quantitative relation of elements in the micaceous rocks depends on the 
composition of the country rocks. Micaceous rocks, formed in the ultrabasic rocks, 
are characterized by higher concentrations of potassium, magnesium, fluorine, 
chromium, rare alkalies (lithium, rubidium, cesium), molybdenum, copper, zinc, tin, 
nickel, cobalt. Ore bodies, localized in the intermediate country rocks, are 
characterized by higher concentrations of sodium, iron, boron, titanium, vanadium, 
barium, lead. 

On the other hand, the chemical composition of the micaceous rocks depends 
on acidity-alkalinity in the mineral-forming solutions, the main indicator of which is 
the concentration of fluorine and the potassium / sodium ratio. The increased 
amount of fluorine in the mineral-forming solutions has contributed to the transfer of 
a number of rare elements, in particular beryllium, in the form of fluorine beryllates, 
and also to the leaching of chromium, essential in the formation of emerald, from the 
country rocks. High concentrations of emerald are positively correlated with the 
amounts of sodium, potassium (and the potassium / sodium ratio), magnesium (and 
the magnesium / iron ratio), fluorine, beryllium, chromium, titanium (and the 
chromium / titanium ratio), molybdenum, rare alkalies, zinc, tin, but negatively 
correlated with the concentrations of lead, cobalt, nickel, copper and boron. 
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"Ein Haqore Clay": Late Quaternary Dark-Brown Grumusol in the 
Central Coastal Plain (Israel) 

Netzer, M., Wieder, M. and Gvirtzman, G. 

Department of Geography, Bar Dan University, 52900 Ramat Gan 

A dark-brown clay bed, 50 to 150 em thick, was lately exposed during construction works 
below the sand dunes in the western part ofRishon LeZiyon and nearby along a road cut 
in Nahalat Yehuda. The same clay bad was also identified further northwards in small 
outcrop patches along the Ge'ha Highway, near Moshav Matzliah and near Kibbutz 
Yaqum. The outcrops of west Rishon LeZiyon are scattered in an area of about 10 square 
kms. The maximum length of the distribution area of the clay bed, between Rishon 
LeZiyon and Yaqum, is about 40 km. This bad was named "Ein Haqore Clay" after the 
name of a small spring in the sand dunes of west Rishon LeZiyon. 

The clay bed overlies, in a sharp and not-transitional contact, a pre-existing relief that 
includes uplands, slopes and toeslopes. The elevation difference of the relief is nearly 8m 
in short distances. Both the pre-existing old relief and the modern relief coincide with the 
topography of the elongate Kurkar ridges and troughs. The clay bed has a regional 
continuous occurrence, covering eroded stable surfaces, and not as part of a catena 
sequence. In a few locations the clay unit is thin due to later erosion. In the area of the 
southern outcrops the clay bed overlies Hamra paleosols which are known by the 
lithostratigraphic names "Kefar Vitkin Hamra" and "Po leg Hamra". Therefore, the oldest 
possible age of the clay bed is Late Quaternary, some tenths of thousands years. In this 
area the clay unit is overlain by the post-Byzantine sand dunes, known by the 
lithostratigraphic name "Hadera Sands". In the area of the northern outcrops, however, it 
appears the clay bed is overlain by the "Ta'arukha Sands", an older generation offossil 
sand dunes, some 4,500 years BP. These stratigraphic relationships need further 
c1arification_ Some other indications for a minimum age of the clay bed can be deduced 
from an archaeological site that was discovered below the sands of west Rishon LeZiyon_ 
Mud from the clay unit was used as raw material for sealing burial caves of the Middle 
Bronze age and therefore the unit is older than about 4,000 years. This clay was also used 
in the same area as raw material for mud-bricks in a castle of the Israelite period, about 
2,500 years old_ 

The soils which were developed on top of the clay bed are Brown Grumusolic soils or 
Grumusols_ In the area of the southern outcrops, the unit displays silty-clayey material 
with carbonate nodules accumulated in the deeper part of the B horizons. In the area of 
the northern outcrops the soil is clayey and the carbonate material was partially or 
completely leached out. Since these soils were located on the higher stable surfaces of the 
uplands and they often display calcic horizons in the deeper part of the B horizons, they 
were formed in situ, from parent material of eolian dust that plastered continuously the 
relief. The accumulation of eolian dust indicates a dry climate during its deposition. 
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VELOGRAM BASED DISCRIMINATION 

BE'NEEN QUARRY BLASTS AND EARTHQUAKES 

V. Pinsky, A. Shapira and Y. Gitterman 

Annual Meeting, 1996 

The Institute for Petroleum Research & Geophysics, Holon 

We examined the variation of velograms over the Israel 

Seismic Network (ISN) and observed differences in the 

velograms of quarry blasts and earthquakes. The velogram is 

the display of the envelope of ground motion wi th respect to 

the group velocity, R/T (R is the epicentral distance and T 

the travel time) . From these velograms we measured the 

velocity, Vm' within the range 1-4 km/sec at which the 

velogram reaches its maximum. 

The empirical relationships between Vm and R differ for 

quarry blasts and earthquakes. These differences are used to 

design a discrimination criterion to distinguish between 

quarry blasts and earthquakes. 

These observations are attributed to the differing 

exci tation of regional surface waves of these two types of 

seismic events. 
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1:50,000 QUATERNARY GEOLOGIC MAPPING OF MAKHTESH RAMON 

Plakht, J. 

Ramon Science Center, P.O.Box 194,80600 Mizpe Ramon 

Two maps depicted Quaternary geology of Makhtesh Ramon were prepared at the scale of 
1 :50,000. The major mapping unit in the first map is by genetic type of sediment, which is 
expressed on the map by a series of major colors. For example, alluvium is green, pediment 
cover is blue, and aeolian sands are yellow. Each genetic type is further subdivided according 
to age, and is assigned a corresponding shade of the main color. In addition, different clast 
characteristics are superimposed on the color scheme. This represents the most widely used 
method in Quaternary geologic mapping. 

Quaternary units mapped in Makhtesh Ramon are: 
(1) Alluvium (river beds, flood plains, and terraces). 
(2) Alluvial fan sediment. 
(3) Alluvial-proluvial sediment of sheetflood plains. 
(4) Colluvium (slope debris). 
(5) Colluvio-proluvial sediment (pediment cover). 
(6) Aeolian sediment. 

In the second map sediments are depicted according to their age, with each age assigned a 
specific color. Therefore, different genetic types of sediments such as alluvium and aeolian 
sands, for example, may share the same color if they are of the same age. This method requires 
the knowledge of exact ages of sediments across the entire spectrum of genetic types. Although 
it may be difficult to determine age relationship, this method of mapping is the most perspective 
for pale;ogeographic reconstructions. 

Quaternary mapping of Makhtesh Ramon is based on: 
(1) Development of morphostratigraphic scheme and definition of genetic types of sediments. 
This process includes: (a) construction of geologic-geomorphologic cross sections in different 
portions of valleys; (b) construction of longitudinal profiles of river beds and terraces; 
(c) detailed study of pediment surfaces as integral components of the landform system. 
(2) Complex analysis of alluvium and loess as a tool for stratigraphic correlation. It includes: 
(a) lithologic analysis; (b) the study of paleosols; (c) absolute dating of terrace alluvium and 
loess; (d) pollen analysis for stratigraphic correlation and paleoclimatic reconstructions. 
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Classification of Chalk Rock Mass Quality 

Polishook, B.1, Flexer, A.2 

1. Petroleum & Energy Infrastructures Ltd. 
2. Department of Geophysics & Planetary Sciences, Tel-Aviv University 

Rock mass classification for tunneling purposes is commonly done by two methods: rock 
quality (0) and rock mass rating (RMR). These empirical methods provide preliminary 
criteria for tunnel design and allow control of the results obtained from mathematical modelS. 

The suitability of these methods for the classification of chalk rock masses was examined by 
Polish09k & Flexer (1995). According to this work, both rock mass rating methods - 0 and 
RMR - are conservative with regard to the chalk rock mass and require the construction of 
supports where such are unnecessary. 

This work is intended to present a new classification method for determining the quality of 
chalk.rock masses on the basis of conventional rating methods. 

The RMR and Q rating methods attribute particular significance to discontinuities of the rock 
mass, and in effect, most of the criteria that define the quality of the rock mass reflect a state 
of discontinuity. 

The preoccupation with discontinuity in chalk rock masses ignores two characteristics that 
are typical of this mass and differ in other rock masses. 

In chalk rock masses, the discontinuities, joints and bed planes differ in their nature from 
discontinuities of other rock masses. The joints in chalk have a limited continuity and local 
opening, and the bed planes have a local rather than regional occurrence. 

On the basis of an understanding of the problematic nature of conventional rating methods, it 
is proposed that the chalk rock mass be rated according to the following criteria: 

1. Compressive strength 
2. Porosity 
3. Content of joints or the joints density 
4. Stress reduction factor 
5. Joint water reduction factor 

The proposed rating method is based on the 0 method, and the new criteria are assigned 
values based on measurements and determinations of the rating by trial and error. The 
method was tried in tunneling operations conducted in Eocene chalk rock masses. The 
scarcity of data makes it impossible to determine at this stage whether the proposed rating 
method can really provide an altemative to the Q and RMR methods with regard to the 
testing of chalk rock masses. 
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ESR AND LUMINESCENCE DATING OF THE PALEOLITHIC SITE AT 
HOLON, THE COASTAL PLAIN, ISRAEL. . 

Porat N.l, Horwitz L.2, Zhou L.P. 3, Chazan M. 4, Saragosti I. 5, and Noy T.6 
I. The Geological Survey of Israel; 2. Institute of Life Sciences, Hebrew 
University, Jerusalem; 3. Godwin Lab, Cambridge University, UK; 4. Harvard 
University, USA; 5. Institute of Archaeology, Hebrew University, Jerusalem; 
6. The Israel Museum. 

The aim of this study was to date the prehistoric site at Holon and the sedimentary 
units in which the site is situated. The Paleolithic site at Holon was discovered in 
1960 during constructions. During three excavation seasons flint tools, mammalian 
bones and teeth as well as elephants' tusks were revealed. The stratigraphic 
sequence at the site comprises (from the bottom) Kurkar (aeolianite), lower Hamra 
(red loamy soil), gray clay where most of the finds were discovered, dark clay and 
upper Hamra. This sequence is correlated with the Poleg Hamra Member, in the 
Kurkar Group of the Coastal Plain. The tool assemblage was assigned to the Upper 
Acheulian, and based on this and the fauna the age of the site was estimated at 250 
ka years. Based on correlation with the marine isotopic stages and climatic 
changes, the age of the Poleg Mbr. was estimated at 150 ka. 
In this study the site was dated by two methods: 1. Enamel from mammalian teeth 
was dated by electron spin resonance (ESR). The method dates the formation of the 
enamel, i.e. when the animal had lived. 2. The age of sediments from the site was 
determined by the luminescence methods. These methods date the last exposure of 
the mineral grains to sunlight and thus give the timing of deposition and burial of 
the sediment. 
Two bovid teeth were selected from the excavation's collection, their enamel was 
separated from the other parts of the teeth and powdered. The equivalent dose (De) 
was determined by the added dose method. External dose rates were dominated by 
high U concentrations in the tooth dentine (up to 160 ppm), therefore the lack of 
sediments directly related to the teeth does not influence the age calculations . 

. Two pits, 3 m deep, were dug on two sides of the excavation area (which is now 
build over). A complete, undisturbed section was revealed in one pit, which could 
be correlated to the section described in the excavation report. Each bed was 
sampled while taking care not to expose the sediments to light. Sand size alkali 
feldspars or quartz were separated using physical and chemical methods. De was 
determined for all samples on the feldspars, using the infrared stimulated 
luminescence. For one sample De was determined also on quartz, using the green 
light stimulated luminescence. External y dose rates were directly measured in the 
pits and a. and 13 dose rates were calculated from the concentrations of the natural 
radioactive elements U, Th and K. 
The average ESR age is - 215 ka. The luminescence ages are: upper Hamra - 100 
ka, the artifact-bearing unit - 220 ka and the Kurkar at the base of the section 
(Kurkar Ashdod) - 270 ka. Thus the age of Holon site is - 210 ka, in isotopic Stage 
7. No other absolute ages are available for Acheulian sites in the Near East, but the 
lowest bed in level E in Tabun, with Acheulo-Yabrudian artifacts, was dated to 
-200 ka by several methods (although aother results indicate that level E may be 
older). Thus the dates from Holon match the chronological sequence of the late 
Acheulian in the Near East. 
The dates 'from Holon show that the age of Hamrat Poleg is 100-220 ka and 
Kurkar Ashdod is 270 ka. The Ramat Gan Mbr., stratigraphically above the section 
at Holon, was previously dated by the luminescence methods to 60 ka. The Holon 
dates therefore complement the sequence of aeolian deposition and soil formation 
along the Mediterranean coast of Israel. 
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SHORT TERM FORECASTING OF STRONG AFl'ERSHOCKS 

OF THE GULF OF BlLAT Mw=7.1 EARTHQUAKE 

OF 22 NOVEMBER, 1995 

1 2 
N. Rabinowitz and D.H. Steinberg 

1 The Institute tor Petroleum Research & Geophysics. Holan 
2 Dept. Statistics, Tel-Aviv University, Ramat Aviv 

In the aftermath of the 22 November 1995, Mw=7.1 earthquake 

that occurred in the Gult at Bilat, we propose a statistical 

DIOdel that predicts the number at strong aftershocks expected 

to occur within a given time window after the main event. This 

DIOdel is a DIOditication at the well known Omori law. It 

attempts to capture the rate at decay at the seismic activity. 

Based on the sequence at aftershocks occurring during the 

tirst month after the main ear~quake, we predict the number 

at strong aftershocks expected to occur in the second month. 
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Magmatic diapirs in the intermediate crust under the Dead Sea 

Nitzan Rabinowitzl , Jean Steinbergl , and Yossi Mart2 

Simultaneous inversion of P wave arrivals of 262 local earthquakes, recorded in the 

region of the Dead Sea, was carried out to model the velocity stratification in the 

underlying crust and uppermost mantle. The resulting tomographic model delineates 

several large magmatic domes, rising from the lower crust, at depth of approximately 20 

km, and ascending more than 12 km into the overlying intermediate crust. Commonly, 

the domal ascent took place along the boundary faults of the Dead Sea rift. The domes are 

elliptical in shape, measuring nearly 5 x 15 km in diameter, and are spaced about 20 km 

apart. Earthquake foci are abundant around the domes but rare within them. Excluding 

the proximity to the boundary faults for the Rift, no spatial or structural correlations were 

discerned between these deeper structures and the shallower salt diapirs of the Dead Sea 

region. The morphology of these domes, and the distribution of seismic velocities in 

their environment, suggest that they are magmatic diapirs. The occurrence of these 

magmatic diapirs under the Dead Sea implies anomalously high temperatures with 

metastable stratification and gravitational metastable environments in the lower crust, and 

suggests magmatic upwelling. Comparison with magmatic diapirs elsewhere indicates . 

that there is ground to presume that this diapirism could be associated with tectonic 

extension. The possibility that the intermediate crust there was affected by a pressure 

drop that led to the accretion of magmatic melt is less likely due to the piercing nature of 

the discovered crustal stratification. 

"' 

I Institute of Petroleum Research and Geophysics, Holon 
2Leon Recanati Center for Marine Studies, University of Haifa, Haifa 
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Hydrology of the Pleistocene Coastal Aquifer of Emek Zevulun 

Vassily Rogojinl. Joel Kronfeld l. Israel Carmi2 

I Department of Geophysics and Planetary Sciences. Tel Aviv University 

2 Radiocarbon Laboratory. Weizmann Institute of Science 

Important potable water reserves for the Haifa Bay region reside in the 

coastal plain aquifer. Many wells have been drilled to exploit the 
groundwater. However. in recent years numerous wells have been closed 
due to pollutants and/or salinity increases. The present study. centered 
around Qiryat Khaim and Qiryat Motskin. was undertaken to investigate 
the hydrology of the aquifer as well as to determine the sources of the 
salinity and pollutants and to evaluate the potential for the spread of the 

pollutants throughout the rest of the aquifer. 
The Pleistocene aquifer consists of sands and calcareous sandstone. 
intercalulated with beds of silt and clay. The thickness of the exploited 
section is approximately 100 m. The investigation employed natural 

stable isotopes (b I3C. b 15N. 8 180 and 887Sr). radioisotopes (tritium. 
radiocarbon. U-series) along with hydrologic. stratigraphic and chemical 
data. It is found that the Pleistocene aquifer is divided into at least two 
distinct aquiferal units by impermeable clays. The upper phreatic unit is 

most liable to suffer pollution. Although the thickness of the upper clay 
layer never exceeds 5-6 m. it effectively prevents the various 
contaminants percolating downwards. from entering the confined lower 
subaquifer(s). 
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OUTLINE OF THE GRAVITY AND MAGNETIC FEATURES OF THE 

EASTERN MEDITERRANEAN - RED SEA REGION 

M. Rybakov and V. Goldslunid t 
The Institute for Petroleum Research & Geophysics. Holan 

The crust in this region has a long and complicated history 
with periods of extensive tectonism and magmatism. Our 
lmowledge of pre-Cretaceous events is limited to the small 
number of outcrop's and deep wells; a study of the gravity and 
magnetic anomalies can provide a better understanding of the 
older geological processes. The gravi ty and magnetic anomaly 
maps of the region contain a number of features which may be 
classified as follows: 

1. Some geophysical features can easily be recognized 
geologically: high frequency magnetic anomalies 
corresponding to young basalt flows; the offset of the 
elongated magnetic anomalies on both sides of the Dead Sea 
transform correspond to recent strike slip motion; 
prominent negative gravity anomalies correspond to the 
thick Cenozoic sedimentary basins located offshore Israel 
and the Dead Sea area. etc. Quantitative interpretation of 
these anomalies clarifies the subsurface structures and 
pre-Cenozoic tectonic and magmatic events. 

2. Gravity and magnetic anomalies caused by very uncertain 
geological sources. i.e. the prominent Eratosthenes, Hebron 
and Carmel magnetic anomalies. the positive gravity anomaly 
in the Makhtesh Ramon area. etc. Interpretation of these 
features can confirm previous geological theories or 
suggest new ones. 

3. Features of the potential fields geologically unidentified 
as yet: a high gravity province occupying the eastern 
Mediterranean. wide magnetic lows located offshore Lebanon 
and in the Galilee area. a positive magnetic area located 
south of Makhtesh Ramon. etc. 

Geological recognition of these features. usually 
corresponding to the deeper parts of the Earth's crust, will 
complete and improve our knowledge of the geological history 
of the region. Relevant examples are presented in our paper. 
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Morphometric Study of a Transpressional structure by OEM 
Analysis: the Rodgers Creek Fault, California' 

A Salamon 1 and 0 P Schwartz2 

1. USGS, Menlo Park. Present address: GEOPROSPECT, PO Box 3720, Jerusalem 

2. USGS, 345 Middlefield Rd, Menlo Park, CA 94025, USA 

The Rodgers Creek fault zone (RCFZ) is a major dextral transpressional fault, 

taking about 20% of the relative motion between the North American and the Pacific 

plates. The RCFZ transects the Sonoma Mountains (SM) which is an elongated 

topographic ridge reaching an elevation of 800 meters. The pattern of the RCFZ and 

the width-height topographic relations indicate that the RCFZ controls, in part, the 

present morphology of the SM. 

Here we address the uplift process of the SM using analysis of its Digital Elevation 

Model (OEM) by ARCIINFO program, an advanced Geographical Information 

Syste'!l (GIS). This has enabled us to perform a systematic and comprehensive 

morphometric study of the range topography. On this basis we reconstructed the 

stream and watershed networks upon which we built the hypsometric histograms of 

selected basins and the envelop, sub-envelop and residual maps of the SM. These 

results, together with stream profiles across the RCFZ, clearly reflect its recent 

activity, in accordance with previous paleoseismic and geological studies. More 

importantly, the analysis suggests the presence of young deformation on the 

eastern side of the range, which may be associated with another major structural 

element, possibly a blind thrust. This morphometric approach has a promise to 

identify blind faulting in areas of complex topography along strike-slip faults. 
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GEOMAGNETIC COMPONENT MAPPING OF ISRAEL 

1 1.2 
R. Segal and B. Shi:nnan 

1 Survey of Israel, Tel-Aviv 
2 The Institute for Petroleum Research & Geophysics, Holon 

Geomagnetic component maps of Israel were compiled using 

ground magnetic surveys conducted in 1993-1995. The mapping is 

based on absolute magnetic measurements taken at more than 

130 points, including the Bar-Giora and Amatsia geomagnetic 

observatories and 20 permanent sites, the locations and" 

geographic azimuth of which were determined using GPS and GIRO 

instruments. A total field proton magnetometer (ELSEC-770) and 

a declination-inclination magnetometer (ELSEC-810) with a 

resolution of InT and 30' were used. 

Magnetic component maps were constructed using a grid 

spacing of 10xl01an ( the average distance between each two 

measured points over most of the territory was 10-201an, except 

for the West Bank territory where it was much less). The five 

contoured maps (total magnetic field, horizontal and vertical 

components, declination and inclination) were constructed 

using a relative base line at the Bar-Giora observatory in 

1994. The significant features of these magnetic maps are the 

large scale Hebron and Carmel magnetic anomalies. The 

declination over most of the area is between 2"40' and 3', but 

over the anomalies in the Galilee, Mediterranean coast and the 

Arava, its value is to.5· more than the average. These maps do 

not include the eastern part of the Golan Heights which is 

covered by strong, small-scale anomalies induced by basal t 

flow. 

It should be noted that the geomagnetic field has undergone 

considerable changes in recent times. Thus, according to the 

Bar-Giora observatory data, the changes during 1993-1995 in 

declination, horizontal and vertical components amount to 8', 

30nT and 80nT, respectively. 
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THE Nov. 22, 1995, NUWEIBA EARTHQUAKE: PRELIMINARY 
MECHANICAL ANALYSIS 

Shamir, G. 

Seismology Division, Institute for Petroleum Research and Geophysics" 
Holon. 

Estimation of the source characteristics (hypocenter location, rupture length 
and depth, seismic moment, stress drop, average slip, slip distribution) are 
used to investigate the mechanics of the Nov. 22, 1995, Mw=7.1, Nuweiba 
earthquake. The rupture is first modelled as an isolated, 50lan long 
dislocation plane embedded in an elastic and isotropic crust. The assigned 
asymmetric slip distribution and rupture patch shape are consistent with 
fracture mechanical consideration and constrained by the estimated seismic 
moment and the source function. The resulting distribution of surface 
displacements shows subsidense of up to 40cm and southward motion of 50-
70cm in the southern part of Elat basin. The Nuweiba area underwent an 
uplift on the order of lOcm and a west-southwest motion of a few tens of cm, 
all reducing further inland. The Elat-Aqaba area experienced a negligible 
uplift and a horizontal southward motion on the order of 6cm 
The faults mostly affected by interaction with the failed Aragonese fault are 
the Elat fault bounding the Elat basin on the west, the continuation of the 
Aragonese fault northward (towards Aqaba) and the WNW trending fault 
bounding the Elat basin on the south. Two-dimensional numerical 
calculations show that prominent changes in the failure stress were induced 
by this interaction. The northern Aragonese fault and most of the Elat fault 
suffeted an increase in left-lateral failure stress, which is fully consistent with 
the distribution aftershocks and triggered earthquakes in the months since the 
mainshock. Along the southern part of Elat fault, however, left-lateral slip 
was inhibited due to the interaction, across the Elat basin, with the main 
rupture. The characteristics of the Nuweiba earthquake are consistent with the 
en echelon fault structure of the Gulf (Ben Avraham et al., 1979; Ben 
A vraham, 1985). Its triggering follows the 1993 earthquake sequence around 
the Aragonese basin and its propagation northward reflects the slip deficit in 
the Elat basin segment. 

83 



Israel Geological Society Annual Meeting, 1996 

THE Nov. 22, 1995, NUWEIBA EARTHQUAKE 

Shamir, G., L. Feldman, B. Reich, C. Ben-Sasson, R. Hofstteter, A. 
Shapira, Y. Gitterman , V. Avirav, D. Kadosh, U. Peled, Y. Schwartz, D. 
Levi, Y. Zaslavsky, A. Malitzky 

Seismology Division, Institute for Petroleum Research and Geophysics. 
Holon. 

The largest instrumentally recorded earthquake in the Gulf of Elat (Aqaba), 
and the largest event in the region in at least 100 years, occurred on 
November 22, 1995, at 04:15 GMT. The hypocenter was located, based on 
data from Israel, Jordan, Saudi Arabia and Egypt at 28.76°N,34.66°E, 
(118.7/-201.8 in Israel grid), and a depth of -13km. The earthquake 
magnitude measured ML=6.2 on the local Richter scale, which is based on 
coda duration and is therefore a lower limit value. The moment magnitude, 
based on local and global moment-magnitude relations as well as on body and 
surface wave inversions at teleseismic distances, was Mw= 7.1. 
Preliminary estimates of the source parameters, based on body wave 
inversions at teleseismic distances and broad band records of the BGIO 
station are of a seismic moment of -7·1 ()26 dyne·cm, source duration of 16s, 
average dislocation of -2.8m and stress drop of 150-200 bar. These 
calculations and P-wave first motion polarities provide fault plane solutions 
which, combined with the known fault structure of the Gulf. indicate that the 
rupture took place on a fault plane striking 010° -020° and dipping 60°-80° to 
the WNW. The offset was predominantly left lateral. with a small normal 
component and a strong unilateral directivity of the rupture towards NNE. 
suggesting a rupture length of about 50km. The Nuweiba earthquake thus 
took place on the central Gulf fault, originated on the western side of 
Aragonese basin and propagated to the eastern side of Elat basin. The source 
fUl)ction for this event suggest .. that slip distribution over the ruptured patch 
was asymmetrical, with the maximum displacement shifted towards NNE. As 
a result, over 80% of the total moment was released during the later part of 
the earthquake duration, in the transition zone between Aragonese and Elat 
basins. 
The Nuweiba earthquake was followed by more than 5000 measured 
aftershocks in the following two months, 123 of them with ML~4 and 11 
with ML~5. Many of the larger aftershocks are clustered in the southern half 
of the Elat basin, i.e. 20-60km south of Elat. 
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GEOMAGNETIC SECULAR VARIATIONS 

AND THEIR CORRELATION WITH SEISMICITY IN ISRAEL 

B. Shirman* 
The Institute for Petroleum Research & Geophysics, Holon 

(*Currently with the Survey of Israel) 

Geomagnetic observations at the Bar Giora observatory began 

in 19B9 under the leadership of R. Segal (Survey of Israel) 

and include digital recordings and absolute measurements. 

Analysis of the data shows these main groups of magnetic field 

variations: 

a) Trend alterations caused by large scale internal sources. 

b) Variations associated with external sources :(solar day 

variations. magnetic storms. 27 days and 1 year period 

variations) . 

c) Non-periodic variations association with the earth's crust 

sources which are connected to seismotectonic processes. 

In order to isolate the effects ·of seismotectonic 

processes. the magnetic field was filtered using data from 

other geomagnetic observatories. The filtered magnetic field 

was compared wi th the temporal distribution of earthquakes 

inside Israel. Bay-like geomagnetic variations precede the 

appearance of seismic activity, the largest of which were 

concentrated near earthquakes of ML=5.B on 31 August. 1993 and 

ML=6.2 on 22 November. 1995 in the Gulf of Eilat. 
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Sediment Dynamics in Lake ltinneret: Bxperilllental Research with 

Application of the Fluorescent Tracers 

Shteinman, B., Koren, N. and Kaganovsky, S. 

Israel Oceanographic & Limnological Research, Yigal Alon Kinne~et Limnological 

Laboratory, P.O.B. 345, 14102 Tiberias 

A new technique. fluorescent tracers. has been used in the littoral zone of Lake 

Kinneret and in the Jordan River mouth to measure the sediment transportation. 

The results of the study were incorporated into a model where turbulence and wave 

action are related to grain size of the sediments and the bottom slope (Fig. 1). 
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Fig. 1: The nomogram to estimate wave Induced 

·1 10 100 redistribution or bottom sediments depending on 

BOTTOM SLOPE. m/km the bottom slopes. and the sediment size distribution 

The model predicted a transport of the littoral bottom sediments in opposite 

directions (inshore and offshore) caused by fractionation of particles according 

to their size. These obse~,ations indicated that in the littoral zone of the 

west coast of the lake fluctuations of the water level were followed by different 

patterns of the bottom sediment movement on different slopes: ur.idirectional 

movement of the sediments from the shore and accumulation of sar.d cause.d by 

sediment movements towards the shore. The total zone of the erosion is increased 

with lowering of water level. Lake water level fluctuations altered 

interrelationships between sedimentation and resuspension of particles. The 

method of the fluorescent tracers enabled us to obse~Je directly resuspension 

event and fractionated transport of bottom sediments in opposite directions. 

Further development of this method using fluorescent tracers will enable us to 

carry out quantative estimations of sediment fluxes. 
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SHEAR WAVES AS A SOURCE OF INFORMATION ON THE STRUCTURE 

AND PROPERTIES OF THE SHALLOW SUBSURFACE 

v. Shtivelman 
The Institute for Petroleum Research & Geophysics, Holon 

Because of their specific properties, shear (S) waves can 
provide important and sometimes unique information on the 
structure and composition of the shallow subsurface. This 
information may be used to obtain geotechnical parameters of 
the subsurface as a basis' for seismic risk assessments, to 
distinguish between lithological and hydrological boundaries, 
etc. In this work, a number of seismic methods using shear 
waves are discussed: 

- Refraction: this method provides a shear wave veloci ty 
model for the uppermost part of the geological section. 

- High resolution reflection: seismic sections obtained by 
this method may present a clear and detailed structural 
picture of the subsurface layers and shallow faults. 

- Dispersion analysis of surface waves: the vertical 
distribution of shear wave velocities may be estimated 
from conventional seismic records using this technique. 

- Downhole velocity measurements: vertical velocity 
distribution along the borehole is obtained with the 
energy source located at the surface while the receivers 
are placed at different depths within the borehole. 

- Crosshole investigations: this is the most reliable and 
precise technique for in situ velocity measurements in 
which the acquisi tion system, an energy source and two 
receivers, is located within three adjacent boreholes. 

The resul ts of the application of the above methods are 
demonstrated using a number of examples from various regions 
in Israel. 
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SITE INVESTIGATIONS BY SHALLOW SEISMIC SURVEYS: 

TWO CASE HISTORIES IN ISRAEL 

V. Shtivelman 
The Institute for Petroleum Research & Geophysics. Holon 

Two groups of seismic methods have recently been used 
extensively for engineering site investigations in Israel: 

- Refraction surveys using the compression (P) and shear 
(S) wave technique. These methods are applied for 
estimating spatial distribution of seismic velocities in 
the uppermost part of the geological section. The 
information obtained by these surveys can be used to 
derive geotechnical parameters of the site under 
investigation as well as for seismic risk assessment. 

- High resolution reflection surveys. This technique is 
used for detailed study of the subsurface structure and. 
in particular. for detecting and mapping shallow faults 
at the investigated site. 

This work presents the results of seismic surveys using the 
above methods in two regions: at the prospective site for a 
bridge across the Jordan river (near the Arik Bridge) and at a 
si te on the slopes north of Tiberias for road paving. The 
following results were obtained at both locations: 

- P and S wave refraction surveys present a reliable 
velocity model which shows good correlation with shallow 
borehole data. On the basis of this model. initial values 
for the resonance frequency and amplification factor for 
each si te can be estimated. The values obtained 
correspond well with the seismometric measurements 
conducted at both sites. 

- High resolution reflection surveys provide a clear and 
detailed structural picture of the shallow subsurface. On 
the basis of the seismic sections obtained. a system of 
shallow faults disrupting the continuity of the 
subsurface layers can be detected and mapped. 
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UPPER PLEISTOCENE COASTLINES IN THE GALILEE 
COASTAL PLAIN, ISRAEL, WITH AN EMPHASIS ON STAGE 
7.1 AND 5.5 PHASES. 

Sivan 0 1, Gvirtzman G 2 , Sass E 3 

1. Geological Survey of !srael. Jerusalem. and The Department of Marit!me 
Civilizations, Haifa Univrslty, Haifa. Israel. 
2. Department of Geography, Bar-lian University. Ramat-Gan, Israel. 
3. Institute of Earth Sciences. The Hebrew University of Jerusalem, Israel. 

The Pleistocene sequence in the Galilee coastal plain , Israel, is composed of 
altemations of calcareous sandstone (kur1<ar) and red loams (hamra), dar1< clays and 
uncemented sands. Some of the calcareous sandstones accumulated and became 
cemented under marine conditions, while others are of eolian origin. The late 
Quatemary sequence, whose age spans Isotopic stage 7 through Holocene, over1ies 
unconformably an hiatus which represents 0.5-1 million years. The over1ying 
sedimentary cycles start with a thin paleosol and is over1ain by calcareous sandstones 
(Akko Mbr.) of marine origin. which pass eastwards to eolian sand sheets. The marine 
kur1<ar represents a transgression that penetrated eastward of the present coastline. 
The ilge of the Akko Mbr. is correlated herein with isotope stage 7.1. The global sea 
level at that time is uncetain. though there is no doubt that it was lower than at present. 
The present elevation of the Akko Mbr. above sea level is attributed to young tectonic 
movements. Over1ying the Akko Mbr. is the Evron Mbr. which consists of red paleosol. 
contains findings of mammal bones and Middle Acheulian tools. The lack of carbonates 
in this soil, and the high content of kaolinite relative to illite-smectite, are indicative of 
intensive leaching and a humid climate. The Evron Mbr. is correlated with isotope 
substages 6.6 or 6.4. and the sea level at the time of its deposition and development 
was lower by tens of meters than the present-day level. Over1ying the Evron Mbr. is the 
Regba Mbr. which consists of two units of calcareous eolianites separated by a red 
paleosol. The eolianites accumulated in at least three longitudinal ridges. This member. 
which formed under continental conditions, is correlated with isotopic substages 6.3-
6.1. The sea level at the time of its deposition was still lower than the present one. 
Another transgressive cycle, starting with marine clays and continuing with calcareous 
sandstones, is the Vasaf Mbr. This member is a fossiliferous marine calcareous 
sandstone which includes the gastropod Strombus b4bonius LMK, a diagnostic fossil of 
the "Tyrrhenian transgression". The Vasaf Mhr. facies is penetrating 1-1 .. 5 km. eastward 
of the present coastline, and forming an embayed shoreline. The member is correlated 
with isotope stage 5.5. The accepted sea level at that time is +6m !o + 7m. In the 
study area the base of the member is found at altitudes ranging from +5 m in the 
uplifted structures down to -6.2 m in the relatively lower structures. The Over1ying 
Nahlieli Mbr. which outcrop only on a tiny island about 1 km of the coastline. 
representing substages 5.4 to 5.1. The Holocene sequence over1ies unconformably the 
Late Pleistocene sedimentary cycles. This unconformity represents an hiatus of the last 
Ice Age. The younger sediments include marine clays of the Holocene maximum, 
subrecent eolian sands and beachrocks. 
The "Tyrrhenian transgressions" and the Holocene maximum transgression of the 
Mediterranean are represented In the Galilee coastal plain of Israel, by high peaks of 
stages 7.1. 5.5, 5.3, 5.1 and 1.1 During stage 6, two climatic phases were recognized. 
one humid (stage 6.4) and the other and (stage 6.1 to 6.3). 
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Radon flux in syenitic rocks along the Ramon fault, 
Makhtesh Ramon 

1- Geological Survey of Israel. Jerusalem. 

2- Soreq Nuclear Research Center, Yavne. 

3- Science Center, Mizpe Ramon. 

A radon anomaly occurs in Early Cretaceous syenitic intrusion and adjoining 

sediments extending some 3 km in the Gavnunim-Shen Ramon sector in Makhtesh 

Ramon, along the Ramon fault. The radon anomaly, discovered in the course of 

prospecting for uranium, was re-investigated for the occurrence of temporal variations 

in the radon flux. Five detector tubes (l.2 m long) were set into the syenite at the 

highest anomaly area, and monitoring was performed by changing detector films twice 

a week from August 1994 to August 1995. Anomalous radon values were recorded in 

all tubes throughout, maximal values ranging between 2050 and 4570 pCII. Two types 

of temporal variations were observed: (1) the mean value gradually rises from 1070 

pCII to 1320 pC/1 (23 %) in 360 days; (2) short term fluctuations from around 500 pC/1 

to around 3000 pCII (and vice versa) occur in time spans of several days. These 

observations are the second documentation in Israel of temporally varying flux of 

radon.' Such phenomenon have been previously described in the Dead Sea Rift (DSR) 

area. There, the source of Rn is assumed to be associated with Senonian uranium 

bearing phosphorites, whereas in the Ramon the source must be in Early Cretaceous or 

older rocks. Short term variations (5-10 days) - termed radon events - observed in the 

Dead Sea anomaly are also clearly recorded in the Gavnunirn anomaly. Assuming that 

the radon events in the syenite adjacent to the Ramon fault, are - like in the DSR area -

linked with the local present day stress/strain regime, the parallel monitoring of the Rn 
fluctuations in both areas opens new possibilities for developing the use of 

"tectonically related" radon as a tracer of the present day tectonic activity. 
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Investigating the deformation characteristics of an Israeli Chalk 

M. L. Talesnick and M. Brafman 
Technion - Israel Institute of Technology, Faculty of Civil Engineering 

A study of the mechanical/defonnational characteristics of an Israeli chalk haS been performed. 
The objective of the study was to investigate the deformational properties of an Israeli chalk 
without the a priori assumption of linear elastic isotropic behavior. The testing methodology 
allows for the determination of material properties required to describe the behavior of transverse 
isotropic rocks when subjected to different combinations of normal stresses. 

Anisotropy of the mechanical behavior of rock material and rock masses can playa very 
important factor when considering the engineering aspects of underground openings. Three very 
broad aspects may be considered: 

i) Determination of in-situ stresses for design calculations, in many cases use of overcoring 
techniques (doorstopper, CSIR cell) are employed in the determination of insitu stresses. These 
methods are based in elastic theory and as such must incorporate elastic properties which account 
for directional dependence as input 
ii) Design of underground structures. Design stages of underground opening require material 
properties which account for anisotropic behavior. Both deformability and strength anisotropy 
must be considered. 
iii) Back calculation of structural defonnations due to excavation processes or other induced 
stresses (either natural or man made) must also consider the directional dependence of the 
material behavior. 

The sedimentary process involved in the deposition of chalk imparts a distinct visible layering to 
chalk beds. Furthermore the sedimentary process imparts a mechanical anisotropy to the chalk 
material such that the material may display transverse. or cross isotropic mechanical behavior_ 
Due to its ease of excavation and widespread existence in the near surface Israeli geology several 
large scale civil engineering projects have been carried out within chalk masses. The present 
study has been aimed at the quantitative determination of the elastic properties required to 
describe the deformability of the massive chalk of the Adulam Formation in the northern Negev 
at Ramat Hovav. 

Six different testing configuration were employed on hollow cylinder specimens sampled from 
the Ramat Hovav site. The testing configurations included uniaxial compression, radial 
compression, radial tension, and hydrostatic compression. The entire set of testing 
configurations was performed on each of eight hollow cylinder specimens. Anal~sis of the. 
different testing configurations leads to the determination of four of the five matenal propernes 
required to describe the elastic behavior of a transverse isotropic solid. 

The results are conclusive. The chalk at the Ramat Hovav site is highly anisotropic. The 
anisotropy can be expressed quantitatively by comparing the elastic parameters within and 
perpendicular to the plane of material symmetry. This c~:)[1~parison is shown in ~e table belo~. 
It may be noted that in terms of stiffness, the modulus Within the pl~ne of matenal symmetry IS 

nearly twice that of the stiffness perpendicular to the plane of matenal symmetry. 

Tangent Modulus (MPa) 
plane of material symmetry 
within perpendicular 
6200 3600 

Poisson Ratio 
plane of material symmetry 
within perpendicular 
0.2 0.16 

Further analysis of the test data allows for the det~rmin.ation of tensile material characteristics as 
well as effects of confining pressure on the matenal sbffness. 
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Petrography of Late Roman - Byzantine cementing materials at. Sumaka, 
Mount Carmel 

Tsatskin, A. 1 and Dar, S? 

1 The Zinman Institute of Archaeology, University of Haifa 
2 Department ofEretz Israel Studies, Bar-Han University, Ramat Gan 

Analysis of petrographic thin sections of constructional artifacts at the Jewish 
settlement Sumaka (Late Roman - Byzantine period) allowed a better understanding of 
both ancient building technologies and social-economical status of the settlement. We 
studied the plaster and cement from a synagogue, workshops, a collecting vat of the 
wine press, and a water reservoir. 

The plaster was manufactured of burnt lime with additions of stone and soil aggregates 
of various sizes, ceramic sherds, marine shells, and organic materials. Several major 
types of plaster can be distinguished: pure lime mortar, lime mortar with burnt organic 
additives including manure (?), and mortar enriched with ceramic sherds. The basic 
raw materials (e.g., limestone, kurkar, shells) were possibly supplied from the Carmel 
area. It is worth noting that, in contrast to other components, shells from the 
Mediterranean beach were mixed with the mortar without being ground first. 
Inclusions of quartz sand are present in minor quantities. Scarce magmatic rock 
fragments, as well as pyroclastic and ferruginized materials, occur in several samples. 
They seem to result from the occasional utilization of waste from exotic building 
materials or as by-products of metalurgic production iri the site. 

It seems that the function of a structure was a decisive factor as to what kind of mortar 
to use. For example, the floor of the synagogue is characterized by pure lime mortar, 
whereas the floors of the workshops were made of mortar enhanced by stone 
aggregates, including slag and ferrioxides. Hydraulic lime mortar was used in the water 
reservoir and a collecting vat of the wine press. Hydraulic mortar was manufactured 
from lime blended with charcoal and/or potsherds, which served to protect the walls of 
the structure from the impact of water and prevent percolation. The larger water 
reservoir showed a complex quadruple layering of the cement on its floor: on the top 
- cement with potsherds, then a charred layer, a pure lime mortar layer, and, finally, a 
plaster enhanced with gravel. 
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Electron Microscopy Analysis of Inorganic 
Pigments from Places of Historic Importance: 
the Room of the Last Supper, Jerusalem 

Van Zuiden, A.,tZuravski, H.; Moroz, 1.2 

lIsrael Antiquities Authority, p.o.586, 91004 Jerusalem 
21nstitute of Earth Sciences, The Hebrew University of Jerusalem, 
91904 Jerusalem 

The art-historical importance of the Room of the Last Supper lies in its 
typical Gothical cross-vaults and its capitals which bear the imprint of their 
builders: the French Crusaders (Lilies of France) and the German Crusaders 
(shield of Reg ens burg). 
Before a proper conservation proposal can be made by the stone section of 
the Israel Antiquities Authority (IAA), the following points must be 
checked: stone type, stone deterioration, salt damage and analysis, 
temperature, humidity and moisture readings, and presence of old paint or 
pigment remnants. 
Paint remnants were found on columns, capitals and stone ribs (vaults). In 
the past inorganic pigments were analysed for the IAA by the Geological 
Institute via the AES ICP method, but unfortunately rather large samples are 
necessary. From the shield of Regensburg only a very small sample could be 
removed and thus the Electron Probe Micro Analyzer is much preferred. 
Pigments analysed were different greens, browns, pink, dark and bright red. 
- Lithopone was found in light and dark green and dark brown (on columns). 
It came into commerce around 1820 and was used in late 19th century and 
first half of the 20th century (mainly as filler). The white pigment is a 
mixture of barite (BaS04) with Sr +ZnS. 
- Bright red: Cinnabar, the synthetic and natural HgS is in use from ancient 
civilisation till the 20th century. 
- Green pigments: the green paint on the columns is probably from an orga
nic source; in the matrix- calcite (CaC03) or dolomite [CaMg(C03)z]; 
much lithopone is found. The green of the stone ribs appeared to be an 
oxidation product of metal copper. 

Except for Cinnabar, all other paint samples are late 19th or even early 20th 
century. 
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Electronic monitoring of radon at the northwestern Dead Sea 
- first results -

1- Soreq Nuclear Research Center, Yavne. 

2- Geological Survey ofisrael, Jerusalem. 

Data collected during 1992-1994 by monitoring the radon flux: (resolution 3-4 

days) in the northwestern sector of the Dead Sea, showed the presence of a high and 

fluctuating radon flux:. The temporal variations observed are: (I) multi-year and 

seasonal, and (2) short term (7-20 days). The latter could be statistically correlated 

with earthquakes occurring in the nearby sector of the Dead Sea Rift. In order to 

increase the temporal resolution of the radon flux: measurement, a first automatic 

electronic station was placed (during 1994) in the gravel near Enot Zukim, using a 

time resolution of 10 minutes. Three additional electronic stations (10 minute time 

resolution, high sensitivity) were installed in 1995: two measuring radon in the gravel 

at Qumeran and Enot Qane, and one measuring radon in water at Enot Zukim. The 

radon measurement is based on gamma ray detectors. Environmental detectors are 

simultaneously measuring temperature and moisture in the gravel, and external 

atmospheric temperature and pressure . 

. The continuous monitoring of radon shows small systematic daily variations 

probably related to meteorological factors as well as small to large non-systematic 

variations, one to ten days long - termed ''radon events". The variable pattern of these 

radon events indicates that different processes are responsible for the rise, and 

respectively the decrease of the radon flux: within the sampling volume. This behavior 

of the radon flux: indicates the complexity of the processes controlling both the release 

of radon at the source and its transport from the source to the surface. 
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A NEW THEORY OF INTRAPLATE TECTONICS 

W dowinski, S. 

Department of Geophysics and Planetary Physics, Tel Aviv University 

The theory of plate tectonics assumes a rigid behavior of the tectonic plates and, therefore, 

cannot explain the observed intraplate deformation. A new theory of intraplate tectonics is 

developed to quantitatively investigate intraplate deformation as induced by a small non

rigid component of the relative motion between plates. Similar to the theory of plate 

tectonics, the new theory uses spherical geometry and is strictly kinematic. It is based on 

simple assumptions that link the well-established directions of relative plate motion to the 

displacement and deformation fields within a plate interior adjacent to three types of 

deformable plate boundaries: inward-, outward-, and tangential-displaced boundaries. The 

theory yields simple predictions about the direction of the intraplate stress field in terms of 

small circles. great circles, and spiral lines around the pole of rotation of two neighboring 

plates. The principal axis of the maximum horizontal stress follows small circles for 

inward-displaced boundaries, great circles for outward-displaced boundaries, and 450 

spirals for tangential-displaced boundaries. The theory predictions are systematically 

compared with more than 7000 observed directions of the principal axis of maximum 

horizontal stress provided by the world stress map project [Zoback, 1992]. The major 

contributions of the theory are (I) providing the missing link between global plate motion 

and regional tectonics, (2) predicting the theoreticaJ expected direction of the first order 

intraplate stress field, and (3) a distinction between two types of transform plate 

boundaries. 

95 



Israel Geological Society Annual Meeting. 1996 

IS THE DEAD SEA TRANSFORM REALLY A TRANSFORM? 

Wdowinski, S. 

Department of Geophysics and Planetary Physics, Tel Aviv University 

The Oead Sea Transfonn (OST) is a widely accepted name for the northern segment of 

the Arabia-Africa plate boundary that shows significant left-lateral displacement. Although 

its northern end does not tenninate abruptly, it can still be called a transfonn fault 

according to Wilson's [1965] definition, because it shows significant horizontal 

displacement and its southern end terminate abruptly. However, it does not meet the rigid 

plate tectonic requirement of a transfonn plate boundary, because it does not follow the 

direction of small circles around the Arabia-Africa pole of rotation (PoR). Several studies 

have suggested that the OST is a rigid plate boundary between Arabia and the Israel-Sinai 

subplate, with a PoR separate from the Arabia-Africa pole. Although this approach 

provides a large degree of freedom to locate the PoR according to the orientation of the 

OST, it shows that only the southern half of the OST follows the direction of small circles. 

The northern half of the DST, north of Lake Kinneret, cannot be explained by the rules of 

rigid plate. tectonics. 

An alternative explanation for the tectonic setting of the Dead Sea Transform is given by a 

new theory of intraplate tectonics. Like the theory of plate tectonics the new theory uses 

spherical geometry, but. it accounts for defonnation within plates. It yields simple 

predictions about the direction of the intraplate stress field in tenns of small circles, great 

circles, and newly defined spiral lines around the pole of rotation of two adjacent plates. 

Applying the theory to the Arabian plate and comparing the predictions with observations 

provided by the world stress map project [Zoback, 1992] indicates: (1) the direction of 

maximum horizon~al stress follows small circles, (2) the direction of minimum horizontal 

stress follows great circles, and (3) the direction of ma.ximum horizontal shear stress 

follows spiral lines at 45* to the PoR. This analysis shows that the OST, throughout its 

length, follows the direction of spiral lines or the direction of maximum horizontal shear 

stress. Hence, the DST can be explained by shear sliding under compression, similar to 

faulting in compressional test of rocks at laboratories. 
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Evolution of Fracture Patterns in a Desiccated Clay Layer 

Weinberger. R .. 1.2 Lyakhovsky. V .. 2 Agnon. A .. 2 

1. The Geological Survey of Israel. JelUsalem. 
2. The Institute of Earth Sciences. Hebrew University of Jerusalem . 

We investigated the evolution of mud crack patterns in a desiccated clay layer. This 
investigation contributes to the understanding of crack initiation and propagation. and to 
the formation of columnar joints in lava flows and in sandstone. The mud cracks 
divide the clay layer into cells (polygons) that are disconnected from the substrate. The 
surface of each fracture develops "plumose stlUcture" from which the origin of the 
fracture and propagation direction can be inferred. In a few cases it is possible to 
recognize a defect (such as roots. sandy grains. drops of rain) in the apparently uniform 
clay layer. but in other cases such defects were not observed. From its origin the 
fracture propagated bilaterally in a straight or curved pattern. unless the origin was 
located on the face o f a preex isting fracture ("T' junction). We used the fracture
surface morphology and the fracture-intersection geometry to infer the subsequent 
evolution of fractures in each polygon. and to reveal the o\·e rall order of their 
appearance in a desiccated layer. 

We mapped a desiccated clay layer near Massada. the Dead Sea Rift. We present an 
area of :I square meters of a 15 mm. thick desiccated layer. that overlay a wet sandy 
layer. The mapped ~.rea contains at least nine s tages of evolution of fracturing. 
Generally. the older fractures are relatively longer and fewer than the younger fractures . 
Continuous fracturing foll ows by increase of number of cracks per stage and decrease 
in their length. However. during late stages of fracturing the number of cracks 

_.- decrease again . Polygons start to form at the fourth stage. During continuous 
desiccation and fracturing the cracks to polygons ratio decrease. and at the youngest 
stage 65 polygons were formed by only 88 cracks (ra tio of 1.37). Complimentary 
observations of a muddy pond that has been desiccated graduJlly show thJt rebtively 
longer cracks grow from the margin of the pond inward. The cracks grow at an 
average rate of a few tens of centimeters per day. 

According to linear fracture mechJnics theory. macrocracks initiate from micro defects 
in the material due to tip stress concentration proportional to the square of the radii of 
the defects . This mechanism was observed only in a few crack origins. In particular, 
cracks propagate from the convex side of "curve T' junctions, where defect size was 
not observed and. thus . could not produce significant stress concentration. 
Nevertheless. advance theories of fracture mechanics enable spontaneous initiation of 
microcrack clouds in grainy matelial. in particular at the convex side of curve cracks. 

We simulate the evolution o f mud 
fracturing by means of damage mechanics. 
allowing s po ntaneou s initiation of 
fractures. In our model the fractures 
evolve in a non -linear elastic layer that is 
coupled to a viscous layer at its base . 
Shear s tress at the base of the elasti<.: layer 
is transferred hy the viscous layer. and the 
desiccation is simulated by an isotropic 
tension. During the ini tial stages of the 
simulation long cracks evo lve from 
randomly distributed defects in the elastic 
layer. In later stages spontaneous 
fracturing occurs. producing patterns 
similar to those observed in the field. 
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Does the Judea Group aquifer preserve the Holocene climate record? 

M. Weinstein-Evron l • G. Weinberger2• J. Kronfeld2, A. Horowitz3 and 

A. Yaniv4 

Zinman Institute of Archaeology, University of Haifa 
2 Department of Geophysics and Planetary Sciences, Tel Aviv University 
3 Laboratory of Palynology Institute of Archaeology. Tel Aviv University 
4 Department of Physics and Astronomy. Tel Aviv University 

To unravel the Holocene and earlier climate changes that have transpired 
in Israel. many types of climate proxy data have been used. including 
pollen diagrams. analysis of travertine deposits and archaeological 
information. It is now suggested that direct evaluation of changes in the 
amount of paleoprecipitation may be recorded by the ground water itself 
within the aquifer. 
The late Cretaceous (Cenomanian-Turonian) Judea Group carbonate 
aquifer is a major regional aquifer. It contains large groundwater 
reserves that are being extensively exploited through a large network of 
wells. A large data base of radiocarbon analyses has been compiled from 
published and our unpublished data (mostly coupled with stable carbon 
and oxygen isotopes. and tritium analyses). The radiocarbon 

concentrations vary over a wide range from less than 20 pmc to greater 
than 90 pmc. It appears that the analyzed aquifer is vertically stratified 
age-wise. If those waters that contain tritium are subtracted from the 
data base. the remaining samples range from approximately 20-70 pmc 
distributed around three peaks. tentatively interpreted to be centered at 
8200. 4200 and 1500 years B.P .. with gaps in between. This we interpret 
as representing periods of greater and lesser pluviation respectively. The 

14C age distribution histogram appears to correspond to that of the pollen 
diagram for the same period and for the stages of formation of the 
Sedom Cave network. and the Holocene settlement pattern of Israel. 
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Colloidal Particles in Groundwater 

Weisbrod, Nl., Ronen, 0 2., PuIs, R. W3., Nativ, Rl. 

1. The Seagram Center for Soil and Water Sciences, The Hebrew University of 
Jerusalem, P.O. Box 12, Rehovot 76100, Israel 

2. Department of Environmental Sciences and Energy Research, Weizmann 
Institute of Science, Rehovot 76100, Israel 

3. Robert S. Kerr Environmental Research Laboratory, US EPA, P.O.Box 1198, Ada, 
OK 74820, USA 

Colloids constitute a major contaminant carrier in aquifers. Until a few years 
ago, particles found in groundwater samples were considered artifacts and were 
filtered out prior to groundwater analysis. However, an increasing amount of 
evidence suggests that under adequate conditions, particles can be mobile in the 
subsurface and cannot be ignored when assessing groundwater contamination. The 
common practice of filtering groundwater samples can change some of the 
elements' concentrations by several orders of magnitude. The sampling of 
groundwater particulate matter is a relatively new field with no commonly accepted 
working protocols. Whereas pumping has been shown to produce colloids and 
associated contaminants which are not found under natural gradient conditions, 
passive colloidal sampling techniques are in their infancy. Results presented here 
were obtained using a passive multi-layer sampler (MLS) which enables the 
collection of both colloids and water samples under conditions of natural gradient 
flow. Laboratory calibration yielded a 60% capture efficiency for continuously stirred 
kaolinite particles (particle diameter between 300 and 700 nm) and -90% for 
synthetic latex microspheres (400-nm diameter). 

In a 30-m saturated field profile in the Coastal Plain aquifer of Israel, the 
concentration of colloids, composed mainly of aluminosilicates, quartz, CaC03 and 
organic matter, varied with depth from 20 NTU to 580 NTU. Particles diameter 
ranged between 300 and 900 nm. In Elizabeth City, North Carolina, the 
concentration of colloids in a 4-m saturated profile varied between 30 and 720 NTU 
inside the MLS cells. Within a single profile the concentration of Fe, Al and Cr in 
the sampled water were proportional to that of the colloids. The concentration of 
colloids was positively related to the pore size of the dialysis membrane (0.2 and 10 
mm). Under conditions of natural gradient flow, the concentration of colloids 
sampled by the MLS was more than one order of magnitude higher than that of 
colloids obtained at low-flow pumping rates (-100 ml/min), suggesting artificial 
filtration (induced by pumping) of colloids by the porous media. 
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POST-SEISMIC ANALYSIS OF FAILURE FEATURES CAUSED 
BY THE GULF OF ELAT-AQABA EARTHQUAKE (22.11.1995). 

Hillel Wust*. Rivka Amit*. Yehuda Enzel-. Ariel Heimann*. Shmuel 
Marco*. Daniel Wachs* and Ezra Zilberman*. 
* Geological Survey of Israel. Jerusalem 95501 
- Institute of Earth Sciences. Hebrew University. Jerusalem 91905 

The 6.2 ML earthquake of November 22th 1995 (Coord. Israel 
Grid: 117/-201. depth: 13 km) (Shamir et al..1996; this volume) 
caused human and material losses along the eastern Sinai 
peninsula (Egypt). In Israel. more then 100 km from the 
epicenter. the earthquake was felt mostly in the southern and 
central part of the country, with a northwards decreasing 
intensity. 
Post-seismic analysis of failure features in nature and on man
made structures is essential to mitigate human and material tolls 
of future earthquakes. We surveyed post-seismic damage in Elat. 
Aqaba and in the eastern Sinai peninsula. The natural features 
observed include joints. cracks. rockfalls. dust clouds. sand 
volcanoes. piezometric level fluctuations, tsunamis and coral 
fracturation. The man-made features which were surveyed 
comprise: buildings. water confinements systems. roads. 
embankments. levees. ramps. landfills. piers. marina and pools. 
Our first conclusion is that the concentration of failures features 
around Elat's Hotel district was caused by local amplification of 
ground accelerations and liquefaction. Earlier predictions (Wachs 
and Zilberman. 1994) of the high seismic sensitivity and 
vulnerability of Elat's Hotel district were confirmed. Major active 
N-S striking faults. which run under the city. still need to be 
accurately analyzed and accounted for. 
Our second conclusion is that the damage observed in Elat exceeds 
what is expected from the peak ground acceleration (0.1 g) 
recorded in alluvial fan material (Gitterman et al. 1996; this 
volume). A stronger or closer earthquake could have disasterous 
human and material consequences if adequate mitigation 
measures are not taken. 
As a result. we recommend to develop for the whole country: 
- comprehensive predicted acceleration maps which 
integrate bedrock as well as sub-surface amplification data. 
- seismic hazard maps including areas which can be subject to 
liquefaction and slope instabilities. 
A special emphasis should be imparted to 3 sensitive areas: the 
Dead Sea Rift Valley (Elal-Yletulla). the Yizreel Valley (Haifa-Beit 
Shean) and the Coast Line (Ashkelon-Nahariya). 
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SEISMIC TRIGGERING OF SLOPE INSTABILITIES: ON-SITE 
INVESTIGATIONS IN NORTHERN ISRAEL 

Hillel Wust\ Sam Frydman2, and Daniel Wachs l 

1 Geological Survey of Israel, Jerusalem 95501 
2 Technion-Israel Institute of Technology, Haifa 32000 

In Israel, the earthquakes of 1837 and 1927 triggered numerous slope instabilities which caused 

heavy casualties and wide-spread destruction (Wachs and Levitte, 1978, 1980 and 1981). 

Knowing that the seismic return period for strong earthquakes along the Dead Sea Rift does 

rarely exceed one century (Ben Menahem, 1991), analysing and monitoring the seismic sensivity 

of slope stability is important for the future of the densely populated Galilee region. 

The magnitude of the 1927 Jericho earthquake reached ML 6.25 (Ben-Menahem, 1976; Shapira, 

1979; Shapira et al., 1993). It triggered landslides more than 200 km away from its epicenter, 

a distance which exceeds by a factor of 3 the maximal epicentral distance observed worldwide 

for coherent landslides (Keefer, 1984). This regional high seismic sensitivity is related to the 

conjunction of low shear strength lithologies, an inherited residual strength associated with 

preexisting sliding events, perennial undersaturated underground water flow and local amplification 

f seismically triggered ground accelerations. In an attempt to differentiate between the 

regular non-seismic slip rate of landslides and potential co-seismic displacements along a slip 

interface, a comprehensive monitoring and analysis of these interacting parameters is beeing 

carried out on an active landslide in the Galilee. 

Preliminary results of EDM surveys are presented together with a geometrical model as well 

as an instrumentation programme for the implementation of continuous monitoring of slip rate, 

porewater pressure and incoming seismic load. 
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SITE AMPLIFICATION EFFECTS IN THE VICINITY OF 

3-C SEISMIC STATIONS OF THE ISRAEL SEISMIC NETWORK 

Y. Zaslavsky and A. Shapira 
The Institute for Petroleum Research & Geophysics, Holon 

Earthquake and micro tremor records are used to estimate the 
si te response of hardrock sites from seven three-component 
seismic stations which operate within the Israel Seismic 
Network. Response functions are determined by implementing the 
Nakamura (1989) method, i.e. using the spectral ratio between 
the horizontal and vertical components of the seismograms. 

A total of 422 three-component waveforms, obtained from 
130 events in the magnitude range 2.4-5.4 and recorded at 
epicentral distances of 15-500 km, were analyzed. The sites of 
the seismic stations ATZ (Mt. Atzmon), MBH (Mt. Berech) and, 
to some extent, SAG! (Sagi Heights) exhibit amplification 
attributed to the effects of topography. At ATZ, within the 
1.3-2.0 Hz range, the amplification is in the order of 
factor 4. At MBH, amplifications of 3.0-3.5 times are observed 
in the frequency range 1.5-4.0 Hz. Slight amplifications 
around 1.3-3.0 Hz are noticeable at SAGI. These responses seem 
to be independent of the azimuth, distance or magnitude of the 
events. 

A relatively strong amplification effect in the low 
frequency range «0.7 Hz) is observed at MKT (Machtesh Katan). 
This effect can be correlated with the gravity anomaly in that 
area. The sites at stations DOR (Dorot) , ATAR (proposed 
nuclear power plant site) and ZNT (Zur Natan) demonstrate no 
amplification effects, probably due to the fact that they are 
located on platforms. 

These observations demonstrate the usefulness of Nakamura's 
technique in estimating the topographical effects on 
earthquake monitoring. This method may be used in the process 
of seismic hazard assessment of ridges and mountain tops, 
proposed dwelling sites, conmunications relay stations and 
power transmission towers. 
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COMPARISON OF EMPIRICAL DYNAMIC PARAMETERS OF STRUCTURES 

OBTAINED FROM FORCE EXCITATION AND AMBIENT VIBRATION TESTS 

Y. Zaslavsky and A. Shapira 
The Institute for Petroleum Research & Geophysics, Holon 

To evaluate the earthquake vulnerability of existing 

structures, engineers generally utilize analytical modeling 

and analysis procedures similar to those applied at the design 

stage. In this case, the analytical models should take into 

account the actual properties of the structure, its elements 

and materials. One way of validating analytical procedures is 

to perform experimental studies on full-scale structures. Such 

analysis has been conducted on three different types of 

structure in Israel: a regular reinforced concrete building 

(hotel) , a prefabricated, eight-story building and a 

reinforced concrete crane support structure. The following 

methods were used for the dynamic test: 

1. Free vibration test in which oscillations were generated by 

explosions, ultrasonic shocks. or hitting the wall with an 

accelerated cart. 

2. Ambient vibration test due to ground vibration and wind 

load. 

It has been demonstrated that the recorded response of the 

structure to both ambient and forced excitation yields 

accurate determinations of the fundamental translational 

frequencies. The damping estimates by ambient excitation were 

obtained from the width of the spectral peak which corresponds 

to the model frequency of interest. 

The procedures and results facilitate improved engineering 

judgement of existing buildings, to be presented by civil 

engineers for vulnerability assessments. 
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SHOULD SITE AMPLIFICATION ASSESSMENTS 

BE GENERALIZED OR LOCALIZED? 

Y. Zaslavsky, A. Shapira and V. Shtivelman 

Annual Meeting, 1996 

The Institute for Petroleum Research & Geophysics, Holon 

The contrast in stiffness between hard rocks and the 
overlying soft soil can often cause the effect of 
frequency-selective amplification of ground motions generated 
by earthquakes. The damage caused to a structure by this 
effect can be especially severe if the frequency at which the 
maximum' amplification occurs is similar to the natural 
frequency of the structure. 

The objective of this work is to estimate the possible 
amplification of seismic ground motion at a number of sites in 
Israel. For this purpose, a small seismometer array was 
deployed at a site near the River Jordan (north of the Sea of 
Galilee), near Lcd and at several locations in the town of 
Eilat. Spectral techniques were used to investigate 
microtremor characteristics of the sites and to relate them to 
properties of the shallow subsurface. The site response 
functions are determined using Nakamura's method based on 
spectral ratios between horizontal and vertical components of 
the seismograms. Based on a subsurface si te model produced 
from seismic refraction surveys, the I-D SH transfer functions 
for low amplitude motions were calculated and compared with 
the empirical si te response function. The resul ts are as 
follows: 

Site amplifications in the order of factor 6 were observed 
at Some sites. The frequency at which the amplification is 
dominant may vary from 0.8-7.0 Hz. 

Great differences in response are observed over very short 
distances (several tens of meters). These differences occur 
in both frequency and amplification level. 

Surface geology information alone is 
insufficient for' assessing the possibility 
amplification. Empirical verification and/or 
information are essential. 

definitely 
of site 

subsurface 

Assessments based on subsurface information, e.g. velocity 
structure and soil stratigraphy, must be verified by 
experimental means. The Nakamura method may well serve this 
requirement. 
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Mass-balance study of geochemical processes in the vadose zone and 
improved calculating the groundwater recharge 

M. Zll..BERBRAND (Hydrological Service of Israel, P.O. B. 6381, Jerusalef!l 91063) 

M. DODO (Computation Center, The Hebrew University of Jerusalem, Jerusalem 91904) 

The use of mass-balance models for quantifying rates of geochemical processes in a deep 

or/and slightly drained unsaturated zone is restricted by the general absence of direct information 
concerning salt output. This limitation could be overcome using an approach of relative ion 

concentrations in conditions of quasi-steady-state water-salt transfer. 

The proposed approach is based on calculating balanced rates of adding (or removing) ions 

to/from the total annual mass of ions entering the vadose zone, which determines given 

relative concentrations of these ions in groundwater. Estimating these rates enables one to 

calculate groundwater recharge best fitted to the mass balance of all considered ions, both 

conservative and non-conservative during transit through the vadose zone. Quantifying kinetics 

of geochemical processes in the vadose zone and calculating the rainfall-recharge ratio is 
performed by computerized solving the overestimated system of mass-balance equations 

formed according to the proposed approach. 
The proposed approach for estimating groundwater recharge presents an extension of the 

well- known chloride mass-balance method. In the cases considered in this study, the difference 

between the estimates performed using both methods reached 22-26 %. The chloride mass

balance method disregards dry salt deposition, while in the proposed approach it may be 

considered as included in the calculated values of the total annual changes of ion mass in the 
liquid phase. However, this consideration requires applying special methods for solving 

ill-conditioned systems containing mass changes of both non-conservative and quasi

conservative components of rain water. 

The possibilities of the approach were demonstrated using published data from a karstic 
Soreq cave (Bar-Matthews et al., 1994; Even et al., 1986). Karst investigations, providing 

both salt output data, data on composition of dissolving and precipitating carbonate rock and 

speleothems' size and age, enabled to verify the model used for simulating the chemical 
transformation of penetrating water. 
Calculations performed in some specific points of the cave enabled to estimate both net rates 
of carbonate dissolution (about 20.9 g/m\,r) and precipitation (4.5-9.5 g/m\,r), a composition 

of dissolved or precipitated sediments, rates of nitrate decomposition (7.2-16.2 g/m~r), CO, 
production (more than 450 mollm\,r) and water fluxes in the vadose zone (85-150 mrnlyr). 

Ca!.cuLated data were shown to be reliable and consistent with other published data .. 
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The Alpine folding on Andros, implications to the strain 
development and the kinematics in the Western Cyclades 

Ziv A., Garfunkel Z. and A vigad D. 
Institute of Earth Sciences, The Hebrew University of Jerusalem 91904 

The main rock unit on the island of Andros was metamorphosed at blueschist facies to 
eclogite facies conditions, during the Alpine orogenesis (Eocene). In many places this 
assemblage was overprinted by a retrogressive, greenschist metamorphism dated to 20-25 Ma. 
The stratigraphic column on Andros includes marbles, metasediments and metavolcanics. The 
entire section is folded by a system of recumbent folds of various scales, from microfolds to 
megafolds reaching a wavelength of the order of 10 km. The dominant fabric is a layer-parallel 
schistosity. The schist frequently shows stretching mineral lineation on the schistosity. Both the 
lineation and the fold axes trend NE-SW. This orientation is perpendicular to the strike of the 
"Hellenic Trend", which is parallel to the present Hellenic orogen. 

Previous works discussed the kinematic significance of the fold axes in the Cyclades and 
the position of the Cyclades within the tectonic framework of the Hellenides. Blake et al. (1981) 
proposed that the orientation of the fold axes in the Cyclades is perpendicular to the direction of 
the subduction during the Eocene. According to this scenario the Cyclades were kinematically 
decoupled from the Hellenides. In contrast, Rodgers (1984) suggested that the present direction 
of the fold axes is a result of regional reorientation of fold axes, which were originally oriented 
parallel to the "Hellenic Trend". 

The present study focuses on the NE-SW trending megafold system and combines field 
data with a petrographic study and finite strain calculations. 
The timing and conditions of fold formation: The retrogressive greenschist assemblage, in 
particular albite porphyroblasts, shows static growth on fold hinges, indicating that fold 
formation and tightening ceased prior to the overprint. The glaucophane growth is more complex 
and at least three different petrographic generations were distinguished. Most of the 
glaucophanes belong to the first generation which consist of idiomorphic, pale blue crystals and 
exhibits pre-kinematic growth with relation to folding. Very large and zoned crystals form the 
second generation, which is less deformed and seems to join the folding at a later stage. The 
zoning is from faint blue in the cores to dark blue in the rims, which may be explained by 
retrogressive changes in the P-T conditions. Finally a minor post-kinematic, dark blue 
glaucophane (Fe-rich) occurs too, showing that the folding ceased within the blueschist facies 
conditions. 
A Quantitative evaluation for the fold axes reorientation model: The amount of strain required to 
rotate fold axes by 90° into the direction of finite maximum extension (the direction of stretching 
lineation), was calculated. The results show that at least 450% (corresponding to a shear angle 
equal to 75°) of finite extension to the NE-SW is required. On the basis of regional tectonic 
consideration we infer that the amount of finite extension since Late Eocene could not possibly 
exceed 200%. If the deformation was homogeneously distributed throughout the entire crust, the 
suggested rotation couldn't have been attained. But if deformation wasn't homogeneously 
distributed and, instead, was concentrated in shear zones several kilometer thick, a shear ratio of 
more than 4 to 1 (=tan7S0) would be required to achieve the proposed rotation. However, the lack 
of rotational or mylonitic fabrics is inconsistent with the later possibility, and hence the model of 
reorientation is rejected. 
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Influence of grain size and texture on ultimate strength of dolomites 

Zur, A.I, Halzor,V. I, Mimran, V. l 

1 Department of Geology lIDd Mineralogy, Ben·Gurion University of the Negev, 84105 Beer Sheva 

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

25 samples of massive dolomite rock from Aminadav formation were sampled in drill holes 

from Judea mountains. The samples were tested in a high stitTness load frame, controlled by 

closed loop servo-control. Early workers in rock mechanics have investigated the influence 

of the variability in grain size on the mechanical response. The studies used the mean grain 

size and found best correlation coeflicients with ultimate strength. In this research dolomites 

are srudied and the influence of grain size and texture on the ultimate strength are 

investigated. The base assumption was that the crack initiation is expected to begin from the 

edge of the largest crystal face. Homogenous and isotropic samples were prepared following 

ISR."! standards. The petrography of each sample has been studied by petrograpic and 

scanning electron microscope (SE~I). Grain size distribution shows change up to one order 

of magnirude in single sample. The relationship berween ultimate strength and mean grain 

size, that was shown in early srudies, could not be contirmed in this work. Rock of similar 

mineralogy, porosity and grain size distribution show extreme change in ultimate strength. 

The rock matrix is composed of rombohedral dolomite crystals '.,here face to face and face 

to edge contacts are common. Three main textures were observed: 

Xenotopic mosaic, Idiotopic mosaic, Hypidiotopic mosaic 

Signiticant correlation was found between texrures and ultimate strength. It was found that 

Hpidiotopic mosaic (AD-43), which represents closely packed, anhedral crystal with linear 

boundaries and many crystal face junctions, show high strength compared to Xenotopic 

mosaic (AD-:~). which represent closdy packed crystals, characterized by curved 

boundaries. It is suggested that grain contact or texture in general olso int1uence peak 

strength in poly crystalline agregates 

E = 64 Gpa E = 70 Gila 

v = 0.I7 v = 0.16 

d melln = 2404 11m d mean = 49 1llt1 
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UNCONFORMITIES ASSOCIATED WITH THE 
DEVELOPMENT OF HA TIRA MONOCLINE IN THE GIV A 'T 
MADOR AREA. 

Zur, Y.1. Y. Eyal1 and G. Shamir 2 

1 Dept of Geology. Ben-Gurion Univ. of the Negev. Beer-Sheva 
2 The institute for Petroleum Research and Geophysics. Holon. 

Giva't Mador is located near the steep southeastern flank of the Hatira 
. monocline. northern Negev, Israel. which is one of the folds comprising the 

Syrian Arc fold system in this area. The strike along this flank varies 
considerably, forming outstanding bends. one of which is the Afran bend. 
The folding of the monoclines, which started during the upper Turonian. is 
expressed in the Giva't Mador area by a series of angular and erosional 
unconformities. The character of these unconformities varies in both strike 
trend and dip angle. The unconformities enable us to estimate the age. rate and 
spatial variation of folding in this area. All measurements were performed 
using an Electronic Distance Meter (EDM). 
The earliest unconformity, of Turonian age. is characterized by thickness 
changes within the Nezer formation. implying syn-tectonic deposition. 
Biostratigraphic evidence. iron oxides staining and. in some locations. a thin 
conglomerate bed and glauconitic chalk. indicate that the truncation of the top 
Nezer formation and occasional absence of the overlying Menuha formation 
resulted from erosion. The second unconformity truncates • partly or 
completely. the Santonian Menuha formation and is associated with a thin 
basal conglomerate. In some places this truncation reaches the conglomerate 
associated with the first unconformity. While normally the Mishash formation 
overlies the Menuha formation, occasionally it onlaps the Nezer. A third. 
angular unconformity is distinguished by significant. 20°. variation in the dip 
of the upper part of the phosphate member of Campanian Mishash formation. 
Further up-section a continuous change in the dip and thickness of beds was 
observed throughout the Ghareb. Taqiya and Mor formations. Thickness 
changes of up to 110 m were measured in the Ghareb formation and about 6° 
difference were observed between the dips of the base and top of Taqiya and 
Mor formations. The Mor, Taqiye and Ghareb formations are truncated by the 
uppermost erosional surface. over which a sub-horizontal conglomerate of 
supposedly Pleistocene age is overlain. We estimate the changes in folding 
rate during the various geological periods by calculating the mean rate of dip 
changes in those periods according to biostratigraphical data. The results 
indicate that the fastest uplift occurred during the upper Campanian and lower 
Maastrichtian. and after deceleration in the Paleocene it accelerated again 
during the Eocene. 
Isopach maps of the Nezer and Menuha formations reveal that the amount of 
truncation along the strike increases toward the highest curvature of the Afran 
bend indicating that the greatest and earliest folding occun·ed in that area. We 
suggest that the reason for these observations is differential movements along 
the reverse faults at the base of the monocline. 
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