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QUANTITATIVE ASSESSMENT OF FLOW PATTERN IN THE SOUTHERN
ARAVA VALLEY (ISRAEL) BY ENVIRONMENTAL TRACERS IN A MIXING
CELL MODEL

Adar,E. M1.Rosenthal,E.2 and Issar,A.S.1

1 Jacob Blaustein Institute for desert Research, Ben-Gurion University of the Negev,
Sede-Boger Campus, 84993.Israel.

2 Hydrological Service of Israel, Research Division, POB 6381, Jerusalem,91063,
Israel.

This project demonstrates the implementation of a novel mathematical model to quantify
subsurface inflows from various sources into the arid alluvial basin of the southern
Arava Valley divided between Israel and Jordan. The model is based on spatial
distribution of environmental tracers and is aimed for basins with complex
hydrogeological structure and/or with scarce physical hydrologic information.
However, a sufficient qualified number of wells and springs are required to allow water
sampling for chemical and isotopic analyses. Environmental tracers are used in a multi-
variable cluster analysis to define potential sources of recharge, and also to delimit
homogeneous mixing compartments within the modeled aquifer. Six mixing cells were
identified based on thirteen constituents. A quantitative assessment of eleven
significant subsurface inflows was obtained. The alluvial aquifer of the Southern Arava
is recharged by the following water bodies:

* Jateral subsurface flow caused by infiltration of flash floods over the alluvial fans at
the margins of the neighboring mountain massifs;

* Upward and lateral groundwater flow from sandstone and carbonate aquifers in the
Negev and Edom mountains;

* Jeakage from deep-seated brine reservoirs.

The total groundwater recharge is estimated by 14.5%106 m3/year with the following
distribution: Yaalon area-3.9; Gerofit-7.25; Yotvata-1.14; Timna-Samar area-1.8; Beer-
Ora-0.23; and Evrona-Eilat-0.23*106m3/year respectively. Over pumping of 0.6*10%
m3/year mainly over Yotvata-Gerofit area was identified. Minor over pumping was also
recognized in the southern section of Yotvata region. The outflow into the Gulf of Eilat
is estimated as 0.42*108m3/year. The major source of inflow into the alluvial aquifer is
from the Nubian sandstone aquifer ( around 68%) and the most important source of
fresh water is originated over the eastern Jordanian mountains and alluvial fans.



THE BEQI'IM CONGLOMERATE: A KEY TO THE MORPHOTECTONIC
EVOLUTION OF THE DEAD-SEA TROUGH

Agnon, A.
Institute of Earth Sciences, The Hebrew University, Jerusalem.

The Beqi‘im Conglomerate records an early phase in the evolution of the
Dead-Sea trough. This deposit is unique in its pebble composition: limestone
derived exclusively from Middle-to Upper-Eocene bedrock. Eocene bedrocks
are not exposed today within 23 kilometers from the outcrop. The
conglomerate unconformably overlays the Turonian column that caps the
fault escarpment east of A'mia‘z Plain. We require that any paleogeographic
reconstruction will provide a source for the pebbles, while explaining the
absence of detritus derived from Senonian to Paleocene formations.

The down-thrown blocks of the fault escarpment and A'mia‘'z Plain in the
east furnish a potential proximal source for the pebbles. Displacement of
the Eocene Formations in the east to juxtapose the Turonian formations may
explain the monomictic pebble composition.

The pebbles, 2-4 cm diameter, are enveloped by micritic laminae. The
matrix contains quartz sand and the cement is calcitic. A post-Eocene
foraminifer, probably from primary deposition, was found in the cement of
one of the samples. Deposition in tidal-flats with restricted connection to
the open sea can explain these characteristics.

The inferred direction of pebble transport, from east to west, is opposite
of the present direction. The base-level that controlled the peneplanization
vrest of the Dead-Sea trough could be further west, in the Mediterranean. It
follows that the commencement of faulting inside the graben has preceded
the uplift of the Judean-Hills as a continental barrier. The scenario that
emerges allows the existence of evaporitic lagoon inside the graben in the
early Oligo-Neogene.

‘Although we need additional outcrops for drawing firm conclusions, the
discovery of Begi'im Conglomerate may require a significant revision in the
morphotectonic history of the DST.



Slope failure on the Jordan River delta in the Dead Sea, Israel
Almagor, G.
Geological Survey of Israel

The Dead Sea is a longitudinal (80 km X 20 km) terminal lake that was
formed by the active Syrian-African transform fault. Considerably saline
inflow from the Jordan River and a very high evaporation rate have led to
the excessive salinity (360 g/liter) and water density (1.226-1.232 g/cc)
of the lake. The rate of evaporite precipitation is 630-2,000 mg/sq.cm/yr.

Clastic sediments from the Jordan River have formed a very moderately
sloping (about 2°) delta that covers the northern lake to a distance of 8
km offshore and to a depth of 300 m. Many irregularly-shaped mounds of
sediment, that are acoustically transparent and which contain numerous
discontinuous reflectors cover the delta slope. They extend over several
hundred square meters each and rise 2-5 m above their surroundings. These
sediments indicate active downslope slumping processes.

The small-scale sedimentary pattern and the engineering properties of
the sediments were examined by testing 6 core samples collected at various
depths along the Jordan delta. Lengths range from 0.90 to 3.20 m. Depth
of coring was restricted by an extremely hard, impenetrable layer of
halite, and the topmost 10-25 cm consists of unconsolidated, recently
deposited grainy halite. Euhedral crystals of halite are disseminated
throughout the entire length of the core samples, especially in the deep-
water cores. The high salinity of the pore water and the presence of large
amounts of disseminated halite within the cores required modifications of
the standard soil mechanics laboratory testing procedures.

The sediments are predominantly dark brown, layered kaolinitic silty
clays. They contain numerous conspicuous black organic-matter and sulfide-
bearing layers, and white aragonite and gypsum layers. Occasionally, slump
structures are encountered. Numerous small voids (1 cu. mm) within many
of the core samples indicate the presence of gas. The specific gravity of
the salt-washed solids ranges from 2.59 to 2.70. Unit weights of 1.64-1.74
g/cc and water content of 47-56% (before correction for salt content) were
measured. The cohesion is 2.0-4.6 kPa and the sensitivity is 4.
Consolidation tests indicate that the material is normally consolidated.
Total and effective angles of internal friction of 16.5-19.1° and 35.2-
38.8° respectively were measured by triaxial consolidated-undrained
shearing, and an angle of 32° was measured by direct shearing under
drained conditions indicating stable delta slopes. Similar results were
obtained by tests made on cylindrical samples prepared with their cylinder
axis inclined at 60° (45° + $/2) to the field vertical axis.

The high effective angles of internal friction are caused by the high
salt content of the sediments. A preliminary analysis of the force
equilibrium within the sediments indicates that horizontal accelerations
generated by earthquakes, which are frequent in and around the lake, cause
delta slope failures followed by episodic slumping, mass movement and
sediment redistribution.



DIAGNOSTICS OF TIMES OF INCREASED PROBABILITY (TIP) OF STRONG EARTHQUAKES
IN THE DEAD SEA TRANSFORM

Arieh, E.l. Steinberg, J.1 and Abramovici, F.?

: The Institute for Petroleum Research and Geophysics, P.0. Box 2286, Holon
School of Mathematical Sciences, Tel-Aviv University, Ramat-Aviv

Sporadic cases of premonitory seismicity phenomena have been reported
from the Dead Sea transform; however, each phenomenon appears to be either a
precursor of a relatively small earthquake or not sufficiently developed to
permit rigorous treatment by statistical techniques. It seems, therefore,
that a single type of anomalous seismicity is insufficient for prediction of
a large earthquake in this region. We use a predictive model based on a
broadly chosen set of premonitory seismicity features. This model has been
developed mainly for high seismicity areas and we have attempted to adapt it
to the relatively low seismicity of the studied region.

We have concentrated on evaluating the times of increased probability
(TIP) of the occurrence of relatively strong earthquakes (above a certain
predetermined magnitude threshold) in the studied region during the last
30 years. The TIPs of the occurrence of several strong earthquakes were thus
"predicted" retrospectively. However, the diagnostic techniques require
testing by further monitoring of local earthquakes before their application
to earthquake prediction in this region.



REOTECHNIC AND FPETROGRAFHIC PARAMETERS AFFECTING SLOPE
STABILITY OF SOME MAGMATIC AND METAMORPHIC ROCKS IN THE ELAT
AREA.

Arkin, Y., Michaeli, L., Peltz, s.
Geological Survey of Israel, Jerusalem.

The stability and dieintegration of slopes 1in magmatic
and metamorphic rocks differs from slopes in sediments due
mainly to the lack of distinct bedding. The weathering of
mineral components and their relationships have a direct
bearing on the conditions of slopes. Crystal size and mineral
concentrations produce an irregular distribution of dry
density (eg. 2.58-2.72 g/cm®) velocity (eg. 2200-4400 m/s)
compressive strength (eg.250->700 kg/cm?) tensile =strength
(eg.40-200kg/cm?) with permeability dependent on the amount
of joints and fractures (eg. 0.01-27.0md). These wide ranges
in parameters 1lead +to non-uniform slopes and irregular
disintegration.

The monzogranites generally show homogeous argillization
and a less porphyritic tendency giving more regular
disintegration and even slopes. Quartz-granodiorites are
generally more porphyritic in texture tending to produce an
overall harder rock. The biotite-muscovite schists weather
and disintegrate relatively rapidly in comparison to the
other rock types. In this case it is controlled mainly by the
fissility of +the schistose texture. Each one of these rock
types produces a different characteristic slope.
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Chemical weathering of fractured Eocene Chalk in the Northern Negev
1 2
Avigour, A. , Bahat,D

1. The Seagram Center for Sc¢:i .nd Water Sciences, The faculty of
agriculture, The Hebrew University of Jerusalem, Rehovot, 76100.

2. Department of Geology and Mineralogy, Ben Gurion University of
the Negev , Be'er Sheva.

Ba, Ca, Fe, K, Mg, Mn, Sr, and insoluble residue (I.R.) content of
Eocene Chalks and vein-filled derivative matter from the Northern Negev,
were analyzed. The Eocene chalk country rocks weathered physically and
chemically, and the eroded material has filled the fault planes and some of
the joints. Two types of filling materfal were found : calcite crystals and
soft fine carbonate material. The latter are sometimes associated with Fe
and Mn oxides.

1.R./Ca, Mg/Ca, Sr/Ca and K/Ca values decrease from the country rock
chalk to the fine carbonates and are lowest in the calcite minerals. The
Ba/Ca values are low in the soft fine carbonates and high in the calcite
minerals. Fe/Ca and Mn/Ce values are higher in the soft fine carbonates.

The analysis of the soft fine carbonates from the various joints and
faults, shows that chemical precipitation was unaffected by these
structures. This possibly suggests that the soft fine carbonates are
younger and not contemporaneous with the structures.
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EVIDENCE TO THE EZXISTENCE OF AN ANCIENT MAKHTESH IN THE RAMON
RIDGE

AVNI, Y.
Geoclogicl Survey of Israel, Jerusalem

Clastics - conglomerates, sands and paleosols - were found
during a research on the paleogeography and the evolution of the
landscape in the wsstern Ramon ridge. During the Late Cretaceous
the Ramon ridge was uplifted above sea level and eroded. Products
of the erosion were transported to lower areas on both sides of
the structure and accumulated near its edges. The erosive process
started in the Early Senonian and lasted untill the Masstrichtian,
removing the whole Judea Group - more than 500 m strong.

The deep truncation of the structure removed all the hard layers
from the top of the structurs, exposing the soft core composed of
the Hatira Formation sandstone. This process led to the
development of an ancient Makhtesh in the western part of the
Ramon ridge during the Late Masstrichtian. This Makhtesh was
smaller than the present Makhtesh and was drained towards the Har
Loz syncline, south of the Ramon ridgs.

The removal of the hard 1layers of the Judea Group and the
evolution of the ancient Makhtesh ars important stages preceding
the creation of the present Makhtesh Ramon at the Pliocens.



HYDROGEN -ISOTOPE EXCHANGE IN DIAGENETIC SYSTEMS: EVIDENCE FROM
DIAGENETIC CLAY MINERALS FROM CRETACEOUS SANDSTONES, ALBERTA,
CANADA

Ayalon, A.¢%*> and Longstaffe, F.J.(2?

(1>Geological Survey of Israel, 30 Malcheil Yisrael Street,
95501 Jerusalem, Israel.

t2>Department of Geology, University of Western Ontario,
London, Ontario, Canada N6A 5B7

The hydrogen- and oxygen-isotope composition have been
determined for diagenetic kaolin-group minerals from Cretaceous
sandstones in southwestern Alberta, Canada.

The kaolin-group minerals show a remarkably small range of 3D
values (permill SMOW) (Viking Formation: -132 to -112; basal Belly

River/Brazeau Group: -137 +to -128). These 3D values are
considerably lower than reported for kaolin-group minerals
elsewhere in the world (generally -80 to -40 permill).

In contrast to the small range 1in 3D values, the same

minerals exhibit proportionally a much _larger range of 3r°0
values (permill SMOW): +25 to +28 for early Viking kaolinite, and
+12 to +16, late Viking kaolin-group minerals; +6 to +13 for late
basal Belly River/Brazeau kaolinite.

Using the kaolinite-water fractionation factor for hydrogen
determined empirically by Lambert and Epstein (1980) and present
subsurface temperatures (30 to 70°C), calculated 3D-water values
from which the mineral could be formed, match exactly the range of
present-day formation-water composition in these units (Viking:
-109 to -91 permill; basal Belly River/Brazeau: -121 to -104
permill).

We suggest that hydrogen-isotope exchange has occurred.

Furthermore, complete diagenetic re-equilibration has been
achieved between kaolin-group minerals and formation waters.

Whereas 1isotopic exchange of hydrogen-isotope has been
achieved, oxygen isotope exchange 1is thought to have been
negligible.

Diagenetic «c¢lay minerals retained their original oxygen
composition and hence, can be used to trace porewater evolution
from early diagenesis in marine, brackish and freshwater
environments +through +to later stages of burial, uplift and
erosion. The absence of oxygen-isotope exchange suggests that a
proton-type exchange process, rather than a mineralogical reaction
(dissolution-precipitation), is responsible for hydrogen-isotope
exchange 1in these diagenetic c¢lay minerals. These data also
suggest that interpretation of oxygen- and hydrogen-isotope
results may need to be decoupled for diagenetic clay minerals in
such environments (i.e., porous and permeable media with high
water /rock ratios).
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GRANULOMETRIC DEPARTURE FROM LOGNORMAL MODEL OF AMIR FORMATION IN
NEGEV-SINAI OUTCROPS - CONFIRMATION OF FLUVIATILE AND DUNAL ORIGIN

Azmon, E.

vepartment of Geology and Mineralogy, Ben-Gurion University of the
Negev, Beer-Sheva, Israel

The Amir Formation of the Nubian Sandstone, in the Negev-
Sinai area, is composed of an average of 90% clear quartz sand
grains cemented by white kaolinite. Most of the kaolinite was
introduced into the pore space epigenetically, hence it represents
a post depositional environment. The clear quartz sand grains
were used for this study because the host rocks are devoid of
fossils, and classification must rely on petrological
characteristics.

Departure of grain-size distribution patterns from a
lognormal model is one of three parameters used to define the
population characteristics of the Amir Formation sandstone in the
Negev-Sinai area. The highest degree of log-normalcy is used as an
indicator of an end-point in a multiple sedimentological process.
A modal 1lognormal sub-population 1is calculated and defined by
three parameters: the median of the modal group "P", in @ units;
the index of sorting "S", in absolute values; and the departure
"A" expressed in percent departure from 99.99% lognormalcy of the
total population.

The "A" values of the Amir Formation samples vary from 50 to
99.9 percent lognormalcy (50% being considered as non-lognormal).
The distribution of these variations is lognormal. All the samples
having "A" values higher than 91 % concentrate in the medium sand
grain-size range. The normalcy of the variations is explained as
a maturity in the multiple process that created the sandstone.
Existence of the multiple process effect does not exclude the
activity of individual processes that do not seek lognormalcy. The
modal lognormal grain-size determination vs. relative sorting, of
the Amir Formation, overlaps the equivalent analyses of three
environments: intermittent stream, continuous stream, and dunes.
This work can serve as a base line for a study of the lateral and
vertical variations within the Amir Formation.
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DIKE SEGMENTATION ALONG PRE-EXISTING JOINTS AND DIKES, HAR TIMNA

Baer, G. and Beyth, M.
Geological Survey of Israel, 30 Malkhe Yisrael St., Jerusalem.

Segmentation of dikes is a common feature which has often
been attributed to changes in stress orientation ahead of the
advancing dike or to different host.rock properties. An
additional segmentation mechanism, the slip along pre-existing
fractures is suggested and exemplified by a doleritic dike of
Late Precambrian-Cambrian age from Har Timna, southern Israel.

The vertically propagating dike intruded a relatively
homogeneous alkali-granite. The dike is segmented along numerous
planes of ancient dikes and joints, resulting in a complex
zigzag wall pattern. Detailed examihation of the relations
between the dlke walls and adjacent fractures in the host
granite enables making a clear distinction between fractures
which predated the dike intrusion (some of which were utilized
by the intruding dike), fractures which were generated by the
intruding dike and fractures which are younger than the dike.
The reconstruction of the dike walls to their pre-intrusion
position indicates at least two separable stages of dike

~dilation oblique to the general trend of the dike (in the
dircection of the older dikes) and a third, younger stage of
shear parallel to the trend of the dike. The amount and trends
of relative displacements across the dike vary along its course.

These segmentation and dilation patterns may serve as a
model for the geometric and kinematic relationships between
oceanic ridges and transform faults during their initial stages
of evolution.
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A map showing the dike walls and their field relations with
adjacent structures, coords. 1475/9092.
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GEOLOGICAL HISTORY OF TEL-MICHAL, HERZLIYA COAST
Bakler, N.,
Kiryat Ono.

The results of archeological excavations from a number of sites
in the Sharon Coastal Plain provide information about relationships
between geological events and settlements from the Late Pleistocene to
the Late Holocene.

Three main stages, the Late Pleistocene regression, the Lower-
Middle Holocene transgression and the Middle to Late Holocene stable
stage, have been suggested.

The Tel-Michal site provides important information about events
in the Middle to Late Holocene stage.

Local sand dunes (Nof Yam sand) were deposited at the beginning
of the Middle to Late Holocene stage. Large bronze-age towns (Tel-
Michal, Tel-Gerisa, Tel-Qasile) developed. A series of tetonic
disturbances destroyed the city walls of Tel-Michal and probably
caused the tilting of floors and of a well at Tel-Gerisa. A small-
scale vertical fault along the offshore of Tel-Michal is attributed to
this event. Roman-Late Byzantine sites (Ga’ash) are covered by
massive sand dunes (Rishon LeZion sand).



12

NAHAL ZIN PLANT: ‘TAILINGS DISPOSAL AND WASTE WATER
Bar, Y.
Geology, Negev Phosphates, P.C.Bex 187, Yeruham

3.5 million <cubic meters per annum of
slurry is disposed to the Zin Piant tailings dams.
The slurry content is 35% sclids, mainly calcium
carbonates and calcium phosphates silty particles.
The disposal capaciiy increass needsd {for the
continuous plant operation is 1.5 miilion cubic
meters per annum. As result cof water seepzgs from
the dams and the contamination of the Zin springs
Negev Phosphatss is requirsed to stop groundwater
pollution. The hydrogeological investigations
describsd the stratigraphy and +the hydrological
model in the 2Zin Syncline and the dams area.
Pumping of the contaminatsd water, after sespagse to
the groundwater body, found to te partial solution
and costly cperation.

The preferreéd altsrnative is based on
Tailings Dams design principles common in the
international m@mining industry. Tailings dams are
designed for tailings disposal and water return.
Usually tailings danm is not designed as water
reservoir or evapeocration pcnd. Tailings daas are
raised gradually. Decant and Drainage systems
designed to control water return and water level
within the tailings deposit.

The grow of disposal volums in the 1Zin
plant tailings dams wilil e based, mainly on
height increase rather then area addition. The
present tailings disposal dams will te raised and
reused pericdically by step height increase of the
dams and embarkments. The free water will be
decanted from the dams before sespage to the
groundwater body. Siurry beaching {from the dam
wall push the f{free water and the fine particles
upstream. Beaching slurry from the wall helps to
stop seepage from the dam wall and wiil help to
design stadble and sconomically built dams.
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STRUCTURAL ELEMENTS IN THE SOUTHERN ARAVA -
PRELIMINARY RESULTS OF A SEISMIC REFLECTION SURVEY

Bartov, Y.l. and Rotstein,Y.2

! Geological Survey of Israel, Jerusalem
The Institute for Petroleum Research and Geophysics, Holon

The inner structure of the Southern Arava, from Yotvata southward, has
been studied in detail only on its southern shoulders and in areas where the
Timna Copper Mines drilled prospection drillholes. The area is of special
interest since it is a continuation of the Gulf of Elat, which has been
studied extensively in the past.

The present study is based on a previously uninterpreted seismic
reflection survey carried out by Sismica Ltd. in 1983 and also makes use of
drillhole information from the area. It is limited to the area west of the
international border; no information is available on the area to the east of
this border, except for surface geological mapping.

The major results of this study are:

1. The Southern Arava is composed of several blocks separated by

transverse faults of both normal and reverse nature.

2. The western shoulders of the Arava are tilted towards its axis. No
major faults are observed as being associated with this flexure.

3. In the central part of the Arava, a major fault with intense
deformation along it appears to be the main transform.

4, The Mesozoic to Eocene sedimentary sequence within the rift is
covered by a thick clastic sequence of Miocene to Recent age. Markers
of Mazor Fm. (Pliocene?) were found in several drillholes and
identified on the seismic sections.

5. The Yotvata Sabkha and Elat Sabkha are separated from the rest of the
Southern Arava by major faults. Each has a unique clastic sequence
which has no equivalent elsewhere in the area.
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STRUCTURE OF THE DEAD SEA AND SEA OF GALILEE FROM PRELIMINARY ANALYSIS
OF MARINE GRAVITY

Ben-Avraham, Z.]-, Bell, R.z, ten Brink, U.3, Coakley, B.2 and Tibor,G.l

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

2. Lamont-Doherty Geological Observatory, Palisades, NY 10964

3. Department of Geophysics, Stanford University, Stanford, CA 94305

In October 1988, over 500 km of marine gravity data was collected from
small research vessels in two basins along the Dead Sea Transform with
Lamont-Doherty’s BGM-3 Sea gravity system. Navigation was recorded with
the Israel Oceanographic and Limnological Institute’s Motorola miniranger
system. Analysis of the gravity crossovers yields an accuracy of 1.5
mgal after adjustment. These results are a unique demonstration of the
utility of gravity collected from small (9m and 20m) vessles.

The gravity field in the Dead Sea basin is dominated by an axial
gravity low displaced to the south of the bathymetric minimum towards the
actively uplifting salt dome beneath the Lisan Peninsula. Based on
seismic surveys, Hall and Neev (1975) interpreted a zone of intense
deformation along the western margin of the basin as the result of salt
diapirism. The absence of distinctive gravity anomalies over this zone of
deformation implies that either the features are not diapirs or that the
salt has little density contrast with the surrounding sediments. The
probable location of basalt flows along the northeastern rim of the basin
is marked by both a gravity and magnetic highs.

In contrast to the Dead Sea, the Sea of Galilee is a small (12 km by 6
km) basin dominated by basalt flows. Extensive outcrops of Miocene to
Pliocene basalts surround the Sea of Galilee. The 1lobate, high
amplitude, short wavelength magnetic anomalies along the northern rim
correlate with isolated highs in the gravity field and with mapped basalt
flows onshore. Within the basin, both the gravity minimum and magnetic
maximum are offset from the bathymetric center of the lake. The
potential fields probably reflect the deeper structure of the basin which
is not evident in the bathymetry due to the rapid sedimentation. Close
to the southern terminus of the lake, gravity and magnetic lineations
correlate with a single east-west trending bathymetric  step.
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A GEOLOGICAL AND STRUCTURAL MAPPING OF THE BE"EROT ODED SHEET,
NORTH

R. Ben-David(1l), Y. Eyal(l) and E. Zilberman(2).

(1) Rami Ben-David, Department of Geology and Mineralogy,
" Ben-Gurion University, Be er Sheva.

(2) Geological Survey of Israel, Jerusalem.

Geological and structural mapping of the Be erot Oded (north)
Sheet (coords: 120/000 to 130/985) includes part of the north-
western Ramon cliff, +the Qarnei-Ramon area, the south-eastern
Ramon cliff and the Negarot syncline. The section exposed is 1250
m thick and includs the following stratigraphic units:

The Triassic +top Mohila Fm. (1 m), the Jurassic Arad Group
(Mishhor, Ardon, Inmar and Mahmal Fms.), the L. Cretaceouse Kurnub
Group (Hatira Fm. - Arod Cgl., Red-Valley and Ma ale-Ramon Mbs.),
the U. Cretaceouse Judea Group (Hazera, Ora ©Shales, Gerofit and
Zihor Fms.), the Senonian-Paleocene Mount-Scopus Group (Menuha,
Mishash, Gahreb and Takiye Fms.) and the Eocece Avedat Group
(Nizzana Fm.).

Many magmatic bodies are exposed including the thick Green Sill
(quartz-syenite), dikes from +the Radial ©System (basalt), the
Kochav (star) intrusion (basalt and trachi-basalt) and the Ramon
Basalt flows.

Within the mapped area are three structural elements - the Ramon
monocline, - the Neqarot syncline and separeted by the Ramon Fault.
Although there are indications that tectonic movments have taken
place, within the mapped area, since the Triassic time, there are
only evedents since the Turonian times (Ora Shales Fm.). The fact
that the main tectonic movement had occured after the deposition
of the Mishash Fm. is clearly visible in the Har Oded area and at
coor. 1257/9936.

Some phenomena of particular interest are:

1) An outcrop at coor. 1266/9976 reveals typical fluvial-clastic
facies of the Inmar Fm. These sediments which fill a channel are
characterized by their grain size changes and the development of a
red-purple ferruginous-laterite crust on top of the channel fill.
2) A few basaltic flows changing laterally to red shales, implying
an aquatic environment into which the lava flowed.

3) An erosional unconformity at the top of the Red-Valley Mb.
identified by a relief contact with the overlying wunit. The
thickness of this member varies from 105 m. in Qarnei Ramon area
on the western Ramon area to “60 m. in the Red-Valley area on the
eastern side.

4) Thickness changes and disharmonic folds in the Ora Shales Fm.
indicate tectonic movements before and during its deposition.

5) Thinning of the Zihor Fm. (26 m. to 0 m.).due to truncation

was found in the Neqarot area. This is attributed to an erosive
rhase which occured prior to the deposition of the Menuha Fm.

6) Variations in thickness and erosional unconformities in the
Mount—Scopus Group in Har Oded reflect the Senonian to Paleocene
main folding stages of the Ramon anticline.
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AROD CONGLOMERATE AND THE RED-VALLEY MEMBER (HATIRA FORMATION)-
RECONSTRUCTION OF THE SEDIMENTOLOGICAL ENVIRONMENT

R. Ben-David(1l) and R. Goldbery(1)(2)

(1) Department of Geology and Mineralogy, Ben-Gurion University.

(2) Present address: Department of Earth Sciences, Macquary
University, Australia.

A study of the Kurnub Group in Makhtesh Ramon, resulted in a new
division of the Hatira Formation to three:

The Arod Conglomerate Mb. (at the base), the Red-Valley Mb. and
the Ma“ale-Ramon Mb. (on top) separated by unconformities.

The Arod Cgl. Mb. is composed almost entirely of quartzite
gravels, cobbels and boulders with some gravels of magmatic origin
such as porphyritic-quartz and other acidic rocks derived from the
basement. The gravels are well rounded but poorly sorted. The
matrix is mainly clay and fine sand. The cement is an alteration
product of +the magmatic rocks. Imbrication and channel geometry
show a general northward flow direction. The deepest
reconstructable channel found is 16 m. deep. The Arod Cgl. top and
the Red-Valley Mb. s base are composed of a lateritic-ferruginouse
crust of varying thickness. The age of the Arod Cgl. was
determined to be younger than the Arif quartz-syenite intrusion
(older than 125+9 Ma.) whose erosional surface it overlies, and
older than the lowest Ramon basalt flow whose age (rellying upon
paleomagnetism) was found to be older than 118 Ma.

The eastern part of Makhtesh Ramon, the Red-Valley Mb. is composed
of cycles of bleached red shales exhibiting valley fill over bank
deposit facies. The lower section 1s characterized by the presence
of fossil woods and its top by a hard and dark ferruginouse-
laterite crust with a large quantity of fossil woods. At the
western, the member is composed of grit and conglomerate at the
base passes vertically to silt, thin carbonate horizons and sand
of the Aptian marine intercalation (found with Weissbroad
Gvirtzman and Lewy) followed by fluviatile sandstone. Above it,
basaltic flows with paleosols 1in between. Red shales of the
eastern makhtesh facies 1is found in the uppermost part of the
section. The top of this member is truncated.

The Ma“ale-Ramon Mb. is composed of medium grain size quartz
sandstone with graded and cross bedding, and silt horizons in
places of fluviatile origin. Ferruginous-laterite crusts are
frequently present. A sandy-carbonate horizon of a marine
intercalation is found on the western side of the makhtesh
eﬁtending about 3 km east of Mizpe-Ramon.

Analysis of the sections in the studied area suggests stages
in the development of the area as follows:

After a period of intense truncation, of about 20 Ma., the first
stage of subsidence set in, accompanied with the accumulation of
the Arod Cgl. The grain size, the roundness and the imbrication of
the conglomerate particles indicate the high intesity and the
northward direction of the fluvial system. The magmatic gravels
indicate that the basement was exposed at that time. The laterite
crust at the top of the Arod Cgl. and at the base of the
Red-Valley Mb., point to a non deposition environment. The
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Red-Valley sediments all over the Ramon were due to different
sedimentological environments - on the eastern side, the sediments
are of low energy over bank valley fill deposits subjected to high
bleaching lateritization processes, on the western side the
sediments are of both fluvial and marine origin in the lower part
of the section. Upwards, basalt flows with palesols were found

covered by the red shale of the eastern Ramon facies. This
indicates the establishment of the same depositional processes
over all the Ramon area. Following the erosional period, the

sandstone of the Ma ale-Ramon Mb. covered the entire area.
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COMPUTERIZED INTERPRETATION OF SEISMIC DATA IN A COMPLEX GEOLOGICAL MODEL
Ben-Gai, Y.l, Folkman, Y.z. Ben-Harosh, Y.1

1 The Institute for Petroleum Research and Geophysics, Holon
Isramco Inc., Tel Aviv

Acquisition of seismic reflection data with the CDP method is the most
popular way of imaging the subsurface in a layered media. These data may
contribute to the study of structures as well as to lithological estimations
based on the velocity of sound waves measured in the various layers.

The basic assumption of the CDP method is that the layers are flat and,
within each layer, the velocities do not change 1laterally. Under such
optimal conditions, providing that the signal to noise ratio is reasonable,
very good correlation can be obtained with direct measurements in a well.
However, in cases where these assumptions do not hold, the data in the
seismic section are distorted and yield phantom structures, increase of
noise and physically unacceptable velocity measurements.

A classic case of a complex model is presented here. It is well known
that the subsurface of the coastal plain of Israel is crossed by erosive
channels of Miocene age which cut into hard carbonates of the Judea group
(Upper Cretaceous). Since the seismic velocity in the channel fill is
considerably slower than that in the surrounding rocks, a complex seismic
model is evolved above the channels. This results in distortion of the
deeper reflectors, a prime target for oil exploration in the area, so that
reliable interpretation is impossible.

Fortunately, the morphology of the base of these channels can be mapped
with reasonable accuracy using seismic data and velocities can be obtained
from wells. This information allows us to predict the behavior of the
seismic waves in an optimal cross-section by "replacing" the channel fill
with the surrounding material. This prediction method is called "Layer
Replacement".

The data presented here consist of simulation of a seismic section across
a channel before and after the application of the method. A grid of sections
recently acquired in the northern part of the Kokhav field by Naphtha Ltd.
is also presented. These sections cross a Miocene age erosive channel in
different directions; they show how refletors from the top Jurassic are
distorted and cannot be interpreted under the channel while, after
application of the method, these reflectors appear at their "correct"
geometrical position and interpretation becomes possible.
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HOW MANY VOLUMES OF WATER WERE "SEEN" BY EACH VOLUME OF PETROLEUM?
Bosch A. and Mazor E.
Geolsotope Group, The Weizmann Institute of Science, Rehovot 76100

An accepted hypothesis is that water is a major agent in the evolution and
transportation of hydrocarbon fluids. The quantities of water involved in these
processes are, however, unknown.

The relative noble gas abundances in natural gas at equilibrium with water are
functions of: (a) the water/gas volume ratio (ccSTP/cc); (b) the relative
abundances of noble gases in the total fluid system (water + gas); and (c) the
relative noble gas solubilities in the water. The relative abundances of noble
gases in oil at equilibrium with water are functions of: (a) the water/oil
volume ratio; (b) the relative abundances of noble gases in the total system
(water + oil); and (c) the relative noble gas solubilities in the water and oil
phases. The history of water - petroleum contact in each basin is more
complicated than the signle-stage equilibrium discussed here. Hance the
relevant water/gas and water/oil values are cummulative, integrated over the
residence time of these fluids in the subsurface.

Atmospheric noble gases (ANG) were measured in oil and gas samples from
Alberta, Alaska, Appalachians, Alabama, Rocky mountains, California, the Gulf
Coast, the Isreali coastal plain and Jordan Rift area. The ANG patterns are all
related to the pattern in air-saturated water. This indicates that
marine/meteoric water is the major source of the ANG measured in oil and gas
samples. Hence the relative ANG abundances in the total fluid system should be
similar to those in air-saturated water.

The solubilities of the noble gases in oil are significantly higher than those in
water, especially those of the heavy gases: He is 2.6 times more soluble and Xe
is 22 times more soluble in oil (0.85g/cc density) at 500C compared to
seawater at the same temperature.

The relative ANG abundances in samples from the above mensioned petroleum
provinces were applied, together with solubility data, to quantify the
cummulative water/gas and water/oil volume ratios. These parameters were
found to exceed 100 ccSTP/cc and 100 cc/cc respectively. The observed
concentrations of radiogenic He and Ar in the above samples suggest ages
ranging from Paleozoic to Quaternary. Hence large quantities of water are
universally associated with the evolution of natural gas and oil.

Acknowledgment is made to the donors of The Petroleum Research Fund, administered
by the ACS, for partial support of this research. Support by the Minerva Science
Foundation, F.R. Germany, the Israel Ministry of Energy and Infrastructure and the
Belfer Center for Energy Research is warmly acknowledged.
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THE USE OF DEPTH MIGRATION FOR THE SOLUTION OF COMPLICATED GEOLOGICAL
PROBLEMS

Bruner, I. and Reshef, M.
The Institute for Petroleum Research and Geophysics, Holon

Every seismic reflection survey results in a time domain representation
of the subsurface. The conversion of a seismic time section to a depth
section and the construction of structural and isopach maps is one of the
most difficult interpretation problems. The conversion becomes more
difficult where the structure is complex and the velocity field varies
considerably in both lateral and vertical directions.

Depth migration is a numerical procedure which maps the entire time
section into a depth section. The migration is based on the solution of the
wave equation and, therefore, facilitates improved imaging of the
subsurface. Correct use of this procedure can give an accurate and reliable
geological picture. On the output depth section we can accurately position
faults, measure dips and thickness of layers and study the development of
geological structures.
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THE LOWER JURASSIC ARDON FORMATION IN THE MAKHTESH RAMON AREA REEXAMINED

(1) (2)
Buchbinder, B. and le Roux, K.

(1) Geological Survey of Israel, Jerusalem
(2) University of Stellenbosch, Department of Geology,
Stellenbosch, South Africa

The Ardon Formation in the Ramon area reflects the onset of limited marine
conditions during the Lower Jurassic after a long continental time span
extending from the uppermost Triassic to the lowermost Jurassic. Supratidal
carbonate sediments were emplaced within argillaceous paleosols with
intermittent calcrete developments, indicating a semi-arid climate. |In
contrast, the underlying paleosol sequence of the Mishhor Formation shows an
upward change from tropical lateritic soils to semi-humid argillacous soils
with subordinate carbonate zones. The overlying Ardon Formation was divided
into 7 units. Units 1-3 include carbonate and subordinate gypsum of supratidal
to upper intertidal environment, occassionally interbeded with paleosols. This
sequence terminates with a distinct carbonate bed of mixed mollusks
(Merinella), ooids and large algal oncoids, probably as a result of storm
inundation. Unit 4 consists of thinly (cm scale) interbedded red clays
(dominant) and silty sands. The latter show ripple and flaser laminations. The
unit, formerly Known as "Chocalate Shales," represents an upper intertidal
mudflat. Unit 5 consists of interlaminated (mm to cm scale) dolomitized
mudstones and quartz siltstones. The siltstones show ripples, flasers and
loadcast ripples. The sedimentary structures again attest to intertidal
environment. However, in contrast to unit 4, the muddy fraction here is richer
in carbonate with marine skeletal elements and therefore a lower (outer)
intertidal environment is implied. Unit 6 consists of ripple laminated
siltstones and claystones interbedded on a mm-cm scale. It is very similar to
unit 4 and, therefore, also represents upper intertidal mudflats. Lense-like
trough crossbedded sandstone bodies are intercalated within the sandy clays,
representing fluvial channels crossing the mudflat. Unit 7 terminates the
marine cycle with supratidal carbonates and paleosols.

Unit 5, with its lower intertidal sandy dolomites, represents the peak of
the marine cycle. The Ardon sequence of Makhtesh Ramon is correlated with
similar carbonates at the base of the Jurassic sequence in the Nafha 1, 2 and
Avedat { boreholes. A shale partition in the middle of the borehole sections
is correlated with the "Chocalate Shales" of unit 4. The sequence in Makhtesh
Ramon, in the Nafha 1,2 and Avedat 1 boreholes is correlated with unit C of
the Nirim Formation and roughly with the upper carbonate member of the Ardon
Formation in the boreholes of the northern Negev, thus indicating
transgressive onlap relationships of the upper carbonate member in the
Avedat-Ramon area.
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FIELD RELATION IN THE HATRURIM Fm., HATRURIM EBASIN, S. ISRAEL
Burg, A.*-=2, Kolodny, Y.?®, Starinsky, A.!, Bartov, Y.=

* The Department of Geoclogy, The Hebrew University, Jerusalem
2 The Geological Survey of Israel, Jerusalem

The high temperature, low pressure metamorphic rocks of the
Hatrurim Fm. cover an area of 50 sq. km in the Hatrurim basin.
There, the Hatrurim Fm. is divided into four lithological units
which do not form a single layered sequence but many irrvegular
rock bodies a few to hundreds of sq. metres in area. Unit KuPhi
covers an  area of 60-70% of the Hatrurim basin and is built
mainly of low—grade multicolored metamorphic carbonate rocks.

The other three units (EuPhZ-4) are characteristic of middle
to high—grade metamarphism. This higher grade sharpens
lithological differences between rcarbonate protoliths, therefore
each unit of KuFhZ—-4 correlates toc a specific protolith.

The rocks of the Hatrurim Fm. are time—equivalent of the
Shareb and Taqiye Fms. The rocks of unit KuPhZ are composed

mainly of calcite, spurrite (2Cazx8i04=CaC0z) and larnite
(Zaz85104? and correlate mainly with the upper chalky member
aof  the Ghareb Fm. The rocks of EuFh3 (the "olive" rocks) are
composed mainly of diopside, anorthite, garnets, =zeclites,
gehlenite (Za=AlL(51i,A1)=0-,7, wxllastonite and calcite.
They are rich in barite and maghemite (Fezxlz) concretions
and correlate with the lower member of the Tagiye Fm.

Bedded larnite rocks are the main rocks building unit KuPhd,
which correlates with the "Hafir"” member of the Tagiye Fm.

The metamorphism affected also the top of the Mishash Fm.
and conglomerates, some of which are Fliocene in age.

FRetrograde rocks formed by hydration and recarbonation of
the metamorphosed rocks are scattered irregularly in the
Hatrurim basin. They are composed mainly of carbonate and
hydrate minerals, e.g., calcite, hydrogarnet, tobermorite  and
ettringite. .

Landslides are common in the metamorphosed rocks. In the
rocks of KuFhZ, these are of block-glide type and ooccurred
after the metamorphism. In  KuPh3 rocks the landslides are of
earth—flow type and occurred during the metamorphism.

The Hatrurim Fm. forms a ‘'crust", tens of metres thick,
following the surface as it was at the time of metamorphism.
Recent wadis and borehales penetrating through the
metamorphosed  "crust"  uncover  the underlying unmetamorphosed
racks.

The organic matter in the bituminous protoliths served as
the "fuel" for burning which was in localized foci. The oxygen

supply to the foci was through cracks. These cracks were
preserved only where filled during metamorphism by alluvium, or
if high metamorphism along them formed spurrite "dikes".

K~Ar dating of the metamorphism yielded a Fliocene age.
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HELEZ-3 BOREHOLE- LOWER CRETACEOUS PALYNOLOGY.
CONWAY, B.H.
Geological Survey Israel, Jerusalem.

A palynological study of the Lower Cretaceous section in the Helez-3
borehole (E-115517/N-111476) in Central Israel revealed numerous,
well preserved marine dinoflagellate cysts in cores:- 27; 28; 29
(Helez Fm.); which are in a state of extreme immaturity in the scale
of organic maturation.

Previously Grader, Reiss and Klug (1960) established an Early
Hauterivian age for these cores, based on foraminifera, foremostly by
species of Trocholina. Raab (1962) proposed that ammonites, probably
representatives of the Berriasellidae, point to a Valanginian to
Early Hauterivian age for core 29. Moshkovitz (1972) assigned these
cores to his Nannoconus kamptneri N2 nannoplankton zone of Late
Valanginian to Barremian age (Moshkovitz, 1972, Table II).

Dinoflagellate cysts recovered from cores:- 27; 28; 29; are dominated
by Cribroperidinium orthoceras, Oligosphaeridium irregulare,
Perisseiasphaeridium sp., and Subtilisphaera senegalensis
(post-Valangian marker), as well as Achomosphaera neptuni, Apteodinium sp.,
Canningia sp., Cyclonephelium distinctum,

Exochosphaeridium phragmites, Hystrichodinium voigtii,
Kleithriasphaeridium fasciatum, Oligosphaeridium complex, and
Phoberocysta burgeri (Late Valangian to Early Hauterivian marker).

Evidence shows that, in spite of limited diversity, these assemblages
show striking similarity of composition to Early Hauterivian
assemblages described from Morocco (Below, 1982), and a Late
Valanginian age seems most improbable for core 29. Palynological
data support an Early Hauterivian age for cores 27, 28 and 29.

This study is being extended to other Lower Cretaceous sections in
Cenral Israel, for the purpose of integrated palaeontological
biochronology and biostratigraphy.
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FEASIBILITY STUDY FOR THE APPLICATION OF THE IMPULSE RADAR SYSTEM IN ISRAEL
Dekel, A. and Beck, A.
The Institute for Petroleum Research and Geophysics, P.0. Box 2286, Holon

Over the last decade ground penetrating radar (GPR) techniques have been
used to solve many practical problems where high resolution mapping down to
20 meters is required. These techniques are based on an impulse radar system
which radiates repetitive short duration electromagnetic pulses into the
ground from a broad band antenna is placed in close proximity, and
electromagnetically coupled, to the surface. The equipment is able to detect
and measure the depth of reflecting discontinuities in subsurface soils and
other materials to within a few centimeters, depending on the electrical
prorerties of the medium. The method is limited in depth by attenuation,
primarily due to the higher electrical conductivity of subsurface materials.
In general, better overall penetration is achieved in dry, sandy or rocky
areas and poorer results are obtained in moist, clay or conductive soils.

In September 1989, IPRG carried out a feasibility study using the SIR-3
radar system introduced to Israel by Geophysical Survey Systems Inc. (GSSI).
The system comprises two antenna of 500 MHz and 100 MHz. Pulse radar
concepts have been applied to detection of caves, voids, bedrock topography,
water table elevations, ©buried metal bodies, wunderground pipes,
archeological site investigations, wall thickness and mapping of young
tectonic features.

The results of the radar system survey presented here exhibit the
successful implementation of this geophysical technique with the following
advantages:

- Continuous profiling of subsurface conditions.

- Non-destructive detection of features at the subsurface.

- Traverse speed range from 0.5 to 2 km/h for detailed studies and up

to 8 km/h for lower resolution reconnassiance work.

- Interpretation is performed in real time in the field.

- Data determined with very high resolution, up to a few centimeters,

depending on the frequency used.

- System optimization to local site conditions can be accomplished by

changing antenna (frequency).

- Approximate depths are easily established using simple assumptions

and interpretation techniques.

- A wide variety of processing techniques may be applied to the radar

data.

- A portable, simple to operate, device which facilitates not only field

acquisition in diverse areas, but is also cost effective.
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HYDROLOGICAL HETEROGENEITIES OVER SMALL DISTANCES (10 TO 100 M) IN
AN ARID REGION: MAKHTESH RAMON, ISRAEL

Dodi, A.l, Adar, E.z, and Mazor, E.3

INature Reserves Authority, Ramon Geological Park

Jacob Blaustein Inst. for Desert Research, Ben-Gurion University
gf the Negev

The F. Considine Professorial Chair in Hydrological Research,
Geoisotope Group, Weizmann Institute of Science, Rehovot

Fourty observation wells, up to 40 m deep, located in a 4x0.6
km strip along the Nahal Ramon stream bed, revealed remarkable
hydrological and compositional diversity.

Water-tables, observed over three years, varied in a
multitude of modes, e.g.: (a) constant decrease during the three
years, amounting to a drop of 2 m, (b) constant rise during the
same three years, amounting up to 9 m (!), (c) changes with a time
amplitude greater than one year, (d) immediate rise (up to 4.5 m)
in response to floods in wells located at the stream level, (e)
delayed response to the same floods in wells located 20 to 40 m
from the stream bed.

Response to pumping varied, as well, e.g.: (a) a drop of 5 m
to a steady level during pumping and recovery two hours after
cease of pumping, as compared to (b) immediate emptying of the
well, with recovery during three months, accompanied by no level
variations in wells located only 10 to 15 m away.

Salinity variations were drastic, e.g.: (a) steady
conductivity-depth profile, (b) a "fresh" layer overlying a 15
times more saline water (indicating one well is fed by two, highly
different water strata, separated by only a few meters!), (c)
steady increase with depth.

Conclusion: Transmissivities are very low in general and
heterogeneous and groundwater occurs in very small and highly
localized compartments.
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PROTECTION OF GROUNDWATER RESOURCES IN ISRAEL

Elhanati S.

Israel Hydrological Service

The Hydrological Service is part of the Water Commission,
having, amongst other responsibilties, the mandate of
advising and supplying information to the various divisions
of the Commission, to other governmental offices, and to
public and private bodies, as regards the quantity and
quality of water resources, their potential utilization, and
the dangers that might threaten them. As an integral part of
this responsibility the Hydrological Service provides
recommendations regarding requests for alterations in
land-use as these might affect water resources and their
utilization by consumers. In light of the fact that
groundwater potential in Israel involves roughly 65% of total
vater resource potential there 1is a strong need to protect
these resources.

Two main approaches have been taken in the world to the
problem of water quality control. One involves supplying data
regarding water resource sensitivity such that planning
projects might take this into account. The other approach
deals with each planning situation as it arises without
publicly disseminating data.

In the U. S., The E.P.A. utilizes the "DRASTIC" programme
as an empirical system to delineate the major factors which
determine regional sensitivity to pollution, and which enable
them to create sensitivity maps on the basis of a relative
index. In Israel, the approach has been to deal with each
request for an alteration in land-use on its own merits.
Relevant considerations include:

a. regional pollution sources,

b. pollutant types and characteristics,

c. vater resouce sensitivity to pollution, and

d. charateristics of the medium.
Three degrees of pollution threat are considered: direct
pollution of a water resource, pollution within a radius of
influence upon the water resource, and general pollution of
the aquifer.

In the presentation, examples will be offered to
demonstrate the process utilized by the Hydrological Service
in considering requests for alteration in land-use in the
context of projects having major national importance, and
with serious potential impact upon water resources.
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PALYNOSTRATIGRAPHIC ZONATION AND PALYNOFACIES OF THE TRIASSIC OUTCROP
IN MAKHTESH RAMON: THE ESTABLISHMENT OF A TRIASSIC PALYNOLOGIC
TYPE-SECTION FOR THE MIDDLE EAST

Eshet, Y.1 , Brugman, W.A.2 , Van-Houte, M.2 , Druckman, y.1

1 Geologlcal Survey of Israel, 30 Malkhe Yisrael St., Jerusalem 95501
2 Utrecht University, Laboratory of Palaeobotany and Palynology

Presented here are preliminary results of a palynologic study of the
Triassic outcrop 1In Makhtesh Ramon, in order to establish it as the
regional type section for Middle East palynostratigraphy.

A Trlassic sedimentary sequence of nearly 500 m, ranging from

Anislan to Carnian, is exposed in Makhtesh Ramon. It 1s one of the
best preserved Middle and Upper Trlassic outcrops in the Middle East.
The sequence was deposited in marine nearshore and continental
environments at the margins of the Arabian craton.

The paleontology, stratigraphy and sedimentology of the section have
been intensively studied and it has become the most important section
for understanding this period in Israel.

Until today, no palynological study of Triassic outcrops in Israel or
elsewhere in the reglon has been published. This may be partially due
to the fact that strong oxidation 1in outcrops 1leads to bad
preservation of the organic matter, 1including palynomorphs, hence
requiring special and advanced sampling and lab processing methods to
minimize the oxidation effect.

In a preliminary study of the Ramon section, these techniques were
applied and indeed very rich, and well preserved palynologic
assemblages were obtained. This indicates that the Makhtesh Ramon
outcrop 1is highly promising for a high- resolution palynological
study.

Most of the present palynological zonation in the Middle East 1s based
on Information from borehole cutting samples and its resolution 1is
quite poor. As of today, the palynological type sections for the
Triassic are located in Europe, but no regional type section has been
established for this time-span in the Mlddle East. A detalled and
rellable Triassic palynozonation is lmportant because palynomorphs are
abundant in both continental and marine environments and, thus,
sultable for inter-reglonal correlation as well as for
paleoenvironmental study.

In the last decade, a standard palynological zonatlion was established
for the European Trlassic. Makhtesh Ramon will be proposed as the
Middle East palynologic type-section, and its palynozonation will be
established as a regional standard, comparable to the European
scheme.

Studies of the organic-matter types (palynofacies) can provide a
useful tool for interpreting depositional environments and
paleogeographical processes during the Triassic of southern Israel.
Results of the research will add new bilostratigraphlical tools for
correlations in the Middle East and will improve the understanding of
geological and environmental conditlions during this period.
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PRELIMINARY PALYNOLOGICAL RESULTS FROM THE ORGANIC MATTER ENRICHED SEQUENCE,
GHAREB FM., MISHOR ROTEM - IMPLICATIONS ON THE ENVIRONMENT OF DEPOSITION

Eshet, Y., Minster, T.
Geological Survey of Israel, 30 Malkhe Yisrael st., 95501 Jerusalem

A preliminary palynological study on Maastrchtian oll shale samples
from fresh walls of the newly developed Havarbar oil shale mine, Mishor
Rotem and nearby coreholes was carried out. The host rocks are chalks and
marly chalks contalining 6-16% TOC; the organic matter content incraeses
downwards whereas the clay content shows a clear decrease towards the lower
part of the sequence.

All the studied samples can be attributed to an amorphous organic
facies, in which most of the organic material is composed of amorphous,
intensively biodegraded remains of marine plankton. This facies is generally
known from various marine environments, from the shallow shelf to the
offshore, indicating high productivity rates in most places. In the present
study diverse palynologic assemblages of mostly dinoflagellate cysts were
recovered for the first time. These assemblages can be classified into three
distinct associations (palynofacies):

1) Spiniferites palynofacies: dominated by chorate cysts, especially
Spiniferites and Achomosphaera. The algae Palabmages morulosa is common
in this palynofacies. The genus Spiniferites is reported from well
aerated shallow marine shelves in recent and ancient environments.

2) Andalusiella polymorpha palynofacies: dominated by abundant peridinioid
dinocysts, most of which are A. polymorpha, Palaeocystodinium and P.
golzowense. Chorates cysts are not as frequent as in the Spiniferites
palynofacies; Palabmages morulosa is rare. In some samples, the A.
polymorpha palynofacies includes larger percentages of Achomosphaera spp.
and Spiniferites spp. Modern peridinioid dinoflagellates are reported to
be intolerant to turbulent and very shallow waters. It is tentatively
suggested that this facies represents quiet marine environment, probably
deeper than that of the Spiniferites palynofacies.

3) Palabmages morulosa palynofacies: The algae P. morulosa is dominant and
makes almost 90% of the assemblage. Spiniferites and other chorates
dinocysts are rare to common. Terrestrial organic particles are common. A
nearshore, energetic and well-aerated environment is proposed for this
palynofacies.

The above mentioned preliminary palynofacies picture may represent
quite variagated ecological conditions within a rather monotonous sequence
from both geochemical and paleontological aspects. Thus, it is highly
recommended to continue this work in more detailed scale in an attempt of
better characterising the ancient environments of deposition which prevailed
in the domestic Upper Cretaceous anoxic event.
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THE AGE OF THE METAMORPHIC ROCKS WITHIN THE ELAT AREA AND ITS
IMPLICATION TO THE DEVELOPMENT OF THE ARABIAN-NUBIAN MASSIF.

Eyal, Y.!, Eyal, M.!, and Kroner, A.2

1 Dept of Geology and Mineralogy, Ben-Gurion University of
the Negev, Israel.

2 Institut fur Geowissenschaften, Universitat Mainz, Germany.

This study is based on 207pp/206pp single zircon
evaporation ages from crystalline rocks from southern Israel and
northeastern Sinai. The metamorphic rocks comprising this part
of the Arabian-Nubian shield were developed during the Late
Precambrian from island arc 1lithofacies including juvenile
magmatics originating within the mantle.

The metamorphic rocks may be divided into two groups:

(a) Those formed ca. 740-800 Ma ago, comprising Elat pelitic
schists, Taba Gneiss, Fiord Gneiss and Elat Granitic Gneiss;

(b) Those formed ca. 650 Ma ago, comprising metabasites of Mount
Shahmon and dikes of granitic gneiss that intruded the
metabasites.

The Elat schists have been considered the oldest rocks in the
Elat region, and zircon age, of ca. 800-820 Ma, confirm this.
The zircons from the schists are of detrital origin, indicating
development of the schists from metamorphism of a clastic
sequence. Hence, zircon ages represent both, the age of the
source rock and the lower limit for the metamorphism age. Field
evidence indicate that Taba Gneiss, 780 +9 Ma, intruded the
schists after the first metamorphic stage, constraining the
upper limit of this stage. The 1low 87Sr/868r ratio of the
schists, their great original thickness (about 10 km), uniform
composition, and the small difference in zircon ages between the
schists and the Taba Gneiss indicate that the clastic sediments
were deposited rapidly and were derived from a uniform rock
unit. Therefore it is more plausible that the source rocks were
from island arcs rather than old continental crust. The plutonic
stage associated with the development of the island arcs
consists of tonalitic quartz dioritic bodies and is represented
by the Taba (780 +9 Ma) and Fiord (765 +6 Ma) gneisses. This
phase was followed by emplacement of more evolved granitic rocks
(Elat Granitic Gneiss) at about 745 Ma. The 87Sr/86Sr ratios
of all rocks formed during this stage indicate their development
from a juvenile magma without a significance contribution from
an old continental crust.

The Shahmon metagabbro-metadiorite complex, ©previously
regarded as one of the oldest units, reflects the youngest
igneous phase at ca. 640 Ma. The age of the rocks from Mt.
Shahmon would then represent the accretion age of the island
arcs to the shield.

No evidence was found region for pre-Pan-African crust. This
study, as well as others, indicate that the early Pan-African
Juvenile rocks (ca. 760-850 Ma) represent the most important
crust-forming event of the shield.
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PALEOZOIC BASIN IN CENTRAL ISRAEL
Frieslander, U.l, Rotstein, Y.l, Derin, B.2 and Trachtman, P.1

! The Institute for Petroleum Research and Geophysics, Holon
Petroleum Infrastructure Corp., 19 Brodetzky Street, Ramat-Aviv

Seismic reflection sections carried out using field parameters designed
for deep penetration, show that in the central coastal plane the sedimentary
thickness is over 12km. The same phenomenon was observed in an older seismic
section in the Jericho area of the Dead Sea Rift. The Ramalla 1 well, which
is situated between these two areas, penetrated most of the Triassic section
and reached the Lower Triassic Zafir formatnion at a depth of 636lm. We
therefore suggest that the thick sedimentary sequence in central Israel is
due mostly to an unusually thick Paleozoic section. The southern boundary of
this Paleozoic basin in the coastal plane is near the Re'em Junction; in the
Dead Sea Rift it must lie somewhere between Jericho and Masada, since near
basement sediments were penetrated at a depth of only 3km in the Masada 1
well, In the absence of relevant data, the extent of the basin in other
directions is not presently known. We note that the presence of such a deep
sedimentary basin in the central coastal plane is not consistet with the
results of past seismic refraction work which predicted a sedimentary
thickness of 6-6.5km in the same area. Assuming the total thickness of the
crust in central Israel to be 20-30km, as observed in previous seismic
refraction work, the crystalline crust beneath the Paleozoic basin must be
very thin. This result suggests that the crust beneath the basin is either
an oceanic or a highly stretched continental crust.
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DIFFUSIONAL ISOTOPIC EXCHANGE THROUGH A MULTI-LAYER BOUNDARY ZONE - A
MATHEMATICAL MODEL AND ITS APPLICATION TO TINOS ISLAND, GREECE

Ganor J., Matthews A. and Paldor N.
Institute Of Earth Sciences, The Hebrew University, Jerusalem, Israel

Stable isotope studies of fluid-rock interactions in metamorphism have been
considerably advanced by the development of models analyzing advection/diffusion
profiles across marble-schist contacts. The model of Bickle and McKenzie generally
provides the basis for these works, but is limited by the fact that the basic assumption of their
model is that the marble and schist layers on both side of the contact, are of infinite width.
Most marble-schist boundary layers are, however, characterized by interlayering of the
marble, which may vary in dimension from mm to meters.

Using a finite layer's width model, a criterion is suggested to help decide when the
assumption of infinite width for a layer is valid. The minimum necessary width (w) for a layer in
order that diffusional exchange processes at both boundaries will not interfere with each

otheris:
w >4.8YDt

where D is the effective diffusion coefficient and t is the duration of the diffusion.
The suggested model provides the means for calculating the change of
composition through a multi layer zone containing schist-marble layers of different widths.
Two 8180 profiles from Tinos islands are shown to be consistent with the model
predictions. Comparison of the data with model curves gives Dt values between 0.0001 to

0.01 m2. These Dt values are one to three orders of magnitude lower than previous values
determined from profiles on the island of Sifnos and Naxos.
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SALINIZATION PHENOMENA OF SOILS IN YIZRAEL VALLEY AS A RESULT OF THE
HYDROGEOLOGICAL SYSTEM

Geyv, I, Adar, E., Issar, A.
The Blaustein Institute for Desert Research, Ben-Gurion University.

During the last fifteen years, the increasing demands for irrigation water, for increasing the
agricultural yield, have caused the construction of many water reservoirs in the Yizrael valley. These
reservoirs are fed by local low-cost water sources which include: raw and partially treated and
seasonal flood water.
The construction of these reservoirs brought to double the potential of irrigation which enabled
intensive irrigation throughout the year. The increase in agricultural yield was accompanied by
negative phenomena of insufficient drainage, which caused saline spots, and a significant
degradation in the root zone. This appeared in wide agricultural areas, initially as strips near the
reservoirs and spread to become swamps. The result of these phenomena was a significant reduction
in agricultural yield which endangered the economic basis of this area.
The purpose of this study was to construct a regional model which will enable to relate between the
high ground water level, intensive irrigation, the flow through the soil profile, the upper aquifer,
salinization phenomena and drainage problems. The hydro-geological and Hydro-chemical condition
8f the upper aquifer were examined using arrays of piezometers within the Mizra and Adashim sub-
asin areas.
The analysis of the results from a year of hydro-geological, hydro-chemical and isotopic
observation, led to the conclusion that the water system in the upper layers composed of two
hydrological units: 1. A regional aquiferous layer with a confined head (the upper aquifer), which is
coverd with clay soil layer (cover layer) and 2. a perched water table in the cover layer.
The water in the upper aquifer is salt and flows from north to south and from northeast to southwest.
Its source is from precipitation which percolates into the recharge region. The salinization of sources
includes: salts dissolution during water seepage into the confined aquifer, vertical seepage of saline
soil water into the confined layer, and water-bedrock interaction during its flow in the aquifer.
The presence of salts in the root zone stems from the semi-confined nature of the upper aquifer and
water seepage into the soil layer which prevent flushing and drainage of surplus irrigation and
precipitation water. The Kfar-Baruch and Kishon reservoirs in the downstream of the Mizra and
Adashim sub-basins, and the private reservoirs in their upstream degrade the flow in the soil layer
and possibly reduce the Conductive layer thickness by their pressure on the aquifer. These effects
impede the water flow, cause water accumulation in the aquifer and in the soil layer, and raise the
sub-surface drainage base in the sub-basin upstream. To these processes one has to add: intensive
irrigation all over the year. Thus, in fine texture clay soils. Lack of proper sub-surface drainage
systems plus injection and circulation of salts from external water sources throught the water
systems. These results in a continuous increase in the flow of saline water into the root zone and salt
precipitation during their evaporation.
The soil profile and the upper confined aquifer nature in the Mizra and Adashim basins is probably
typical to wide areas in other parts of the Yizrael, Ein-Harod, and Beit-Shean valleys. Therefore,
these basins may not tolerate further increase water allocations with unknown quality, since the
predicted results are severe soil salination and reduction in the agricultural yield and its quality.
In general, it is recommended to release the water pressure in the upper aquifer by using a drainage
system which will combined pumping in the basins upstream and downstream. One must lower
simultaneously the sub-surface drainage base which was raised since the construction of the Kfar-
Baruch and Maale-Kishon reservoirs. The drainage action will moderate the ground water level to a
degree which will enable free flow of soil water into the natural routes in the Kishon river while
flushing out the salinity.
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GEOMORPHOLOGY OF STRIKE-SLIP FAULTING ON THE WESTERN MARGINS OF
THE DEAD SEA: OVERSIZED BOX-LIKE CANYONS AND BLOCK ROTATION

Gilat, A.
Geological Survey of Israel, Jerusalen

Strike-slip faulting (shearing) on the western margin of the
active Dead Sea graben is presented on a large scale map of the
Ya'elim valley vicinity in southeastern Judean Desert.

Compressional, tensional and strike-slip shearing features
are described and geomorphology of the valley (which
metamorphosed on the 6 km long segment from a mature meandering
valley to a deep and narrow canyon, and then to an oversized,
very deep and very wide box-like canyon) 1ls elucidated using
profiles and superimposed cross-sections.

Structural evidence is analyzed and a kinematic scheme of
the Ya'elim valley and similar box-like canyon developments as a

result of dextral shearing on margins of counterclockwise
rotating blocks is proposed.
Analysis of Subrecent-Recent spreading of tensional

fractures, separating settling sections of blocks which protrude
into the deepest on-land depression, follows this scheme.
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DIAGENESIS OF SILICA AND PORCELANITE - CHERT
RELATIONSHIPS IN THE LATE CRETACEOUS AND EOCENE OF ISRAEL

1,2 | 2
Ginott Y.,Nathan Y. and Kolodny Y.

1- Geological Survey of Israel
2~ Dept. of Geology, The Hebrew University of Jerusalem

Some 200 cherts and porcelanites were sampled (sections and spot
samples) from the Mishash and Adulam formations. The mineralogy and
trace element composition of the samples were determined, the d(101)
spacing of opal-CT in porcelanites measured and the crystallinity of
quartz determined both in porcelanites and cherts. Selected samples
were examined with a petrographic microscope and under a SEM.

Opal-A was found only in the Eocene Adulam samples. The d(101)
spacings (Table 1) show significant differences between the opal-CT of
the porcelanites in: a) the Adulam Formation (average, 4.10 A), b)
the upper Mishash Phosphate Member (average, 4.09 K) and c) the lower
Mishash Chert member (average, 4.08 A). The Adulam samples of Eocene
age have a rather narrow range of values (low standard deviation)
while the Mishash samples of Campanian age have a much wider range.

Table 1:0pal-CT d(101) values

Age Formation Member Average No. of samples Stand. Dev.
Eocene Adulam 4.101 13 0.003
Campanian Mishash Phosphate 4.090 34 0.006
Campanian Mishash Chert 4.080 34 0.014

Optical microscopy and SEM investigation showed that most of the
microfossils in the samples are now composed of quartz even in the
porcelanite samples. The crystallinity of quartz is generally low in
both the porcelanites and the cherts. This supports an authigenic
biogenic genesis (from opal-A).

In general there is an increase in trace element concentrations
from ‘'clean' cherts to 'dirty' opal-CT porcelanites and opal-A
porcelanites. While opal-A porcelanites are richer in trace elements
than opal-CT porcelanites, there is no correlation between d(101) in
opal-CT and trace element concentrations.

The above results show a diagenetic trend with age from opal-A to
quartz through badly [d(101) value of 4.10 A] and well-crystallised
[d(101) value of 4.05 X] opal-CT. Nevertheless they also show that
the kinetics of the process varied considerably both on macroscopic
scale, such as occurrence of porcelanite at the base of the Mishash
and chert in the Adulam, and on microscopic scale, such as occurrence
of quartz microfossils in porcelanites. The diagenetic process from
opalline porcelanite to quartzy chert appears to 'clean' the rock of
trace elements.
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GEOPHYSICS IN ARCHAEOLOGY
Ginzburg A.
Department of Geophysics and Planetary Sciences, Tel Aviv University

Geophysical methods have been used off and on as an aid to archaeological
investigations for several decades. In recent years, due to preservation policies in
several countries, particularly in Europe on the one hand and to the availability of more
sophisticated instumentation, techniques and modes of analysis and presentation on the
other, the interest in these techniques has increased.

Quite obviously, the introduction of techniques which allow the pre-excavation location
of the main areas of interest quickly and inexpensively would be a welcome addition to
archaeological investigations.

The geophysical techniques available for archaeological investigations are reviewed in
this paper. The physical principles, data acquisition, data processing and interpretation
of the main techniques used are discussed and illustrated.

The few cases of the application of geophysical techniques to archaelogical problems
are presented and possible future developments in Israel are discused.
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THE STRUCTURE OF THE LEVANT MARGIN: A SEISMIC REFRACTION AND
REFLECTION STUDY

Ginzburg A. and Ben-Avraham Z.
Department of Geophysics and Planetary Sciences, Tel Aviv University

Recent geophysical studies of the Levant margin indicated that its stucture is far from
being simple and that there are a number of unsolved problems. These include the
difference in crustal structure north and south of Mt. Carmel, the structure of M.
Eratosthenes, the nature of the crust associated with the large magnetic anomaly off
southern Israel among others.

In order to try and resolve these problems a seismic refraction-wide angle reflection
study using ocean bottom seismometers and portable seismic land stations was
designed by Tel Aviv and Hamburg universities. The project was approved and
received financial support from the German Israeli Foundation.

The data acquisition stage involving airgun shots, explosive shots at sea and quarry
shots along two profiles. was conducted during December 1989. The two profiles are
roughly east-west, the northern extending from the Rift Valley through Acre to the
Eratosthenes Seamount while the southern profile extends from Jerusalem through
Ashdod and on to the west.

The operation is described in detail, examples of the recorded data are shown and
preliminary interpreted models are presented and discussed.
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MINERAL RESOURCES IN THE EDOM MOUNTAINS AND EASTERN ARAVA -
PAST AND PRESENT

Ginzburg, D.
Geological Survey of Israel, Jerusalem

Mineralization and archaeological evidence of mineralization
occur in Precambrian igneous rocks and Nubian Sandstones of
Paleo-Mesozoic age along both sides 'of the Arava. These sites
indicate the extent of mineral exploitation in the past during
the time of the Kings of Judah.

Copper in the past and today is found at several sites, such
as Feinan, Wadi Abu Khushiba, Wadi Nahas, Wadi Hunwar and Wadi
Morah south of Taba.

The copper at Feinan, as mentioned by Hironymus, was
examined by Musil (1807), Blacnkenhorn (1912), Blake (1932),
Gluck (1940), Shaw (1947) and Bender (1974). Archaeological
evidence of copper exploitation at Punnon is found in clay sherds
with copper fragments and smelting works of Middle Bronze age
(2000 B.C.), Iron age (1200 B.C.) and up to the Moslem Period in
the middle 7th century. In the seventies of +this century
Hungarian, German and French geologists reviewed these deposits
and foynd them to be uneconomical. This survey showed the copper
to occur in:

1. Dolomite and shales equivalent to the Lower Cambrian Timna
Fm. The main minerals are chrysocola, atacamite,
paratacamite and dioptase.

2. Varigated sandstones equivalent to the Middle Cambrian
Shehoret Fm. The main minerals are chrysocola and
malachite.

In Wadi Abu Khusheiba copper occurs 1in white sandstone
equivalent to Middle Cambrian, Shehoret Fm., containing minerals
of cuprite, malachite and chalcosite.

Iron is found mainly in Wadi Sabra near Petra in hematite
veins in Nubian Sandstone with an Fez03; content of up to 96.5%
(Blake, 1932; Bender, 1974). Other sites occur between Shaubuk
and Punnon, Wadi Nahas and "Iron Mts." on the eastern side of the
Dead Sea (Succoth Tractate and Josephus Flavius).

Manganese is found mainly in Wadi Dana occurring shale and
fine grained sandstones equivalent to the Timna Fm. The main
minerals are psilomelane and pyrolusite (Bender, 1974).

Some interpretations of the Bible refer to the existence of
gold in the Edom Mountains (Genesis 36:39, Job 22-24).

Gypsum 1is found in Wadi Zarga on the eastern side of the
Dead Sea and glass sand is found at Ras en Nagab, Ma'an and east
of Agaba.

Although the above sites were mined during King Solomon's
time the main exploitation was from Timna. Copper was exported
via the port of Etsyon Gever, in the Gulf of Elat, to Africa and
Arabia in return for gold, precious stones and other goods (I
Kings 10:22).
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MAPPING OF SEAWATER INTRUSION INTO THE COASTAL AQUIFER OF ISRAEL
BY THE TIME DOMAIN ELECTROMAGNETIC (TDEM) METHOD

Goldman, M.', Gilad, D.?, Ronen, A.', Melloul, A,>

! The Institute for Petroleum Research and Geophysics, Holon
The Hydrological Service, Jerusalem

An extensive TDEM survey, which covered almost the whole Mediterranean
_coastal strip of Israel, was carried out during the summer of 1989 in order
to make a quantitative evaluation of the TDEM method in detecting seawater
intrusion into the coastal aquifer. To achieve statistical significance of
results, a total of approximately 100 TDEM stations was established, some in
close proximity to existing observation wells. In order to realize the most
objective evaluation of the TDEM results, respective data interpretation was
carried out prior to the use of, or even acquaintance with, any geological
of hydrological information from the wells. The two main objects of the
survey were:

a) Statistical corroboration of an extremely important feature of
seawater-bearing aquifers, namely their consistent resistivity values
which are completely different from those of any known lithology in
the area.

b) Quantitative evaluation of the accuracy level of the TDEM method and
assessment of its applicability to solving various hydrological
problems.

It was found that the resistivity values of the seawater-intruded
aquifers vary within a narrow range, approximately 1.5 to 2.5 Ohm-m, whereas
low resistivity lithologies have minimum values of approximately 10 Ohm-m.

From 27 TDEM measurements which detected seawater intrusion and which
could be quantitatively correlated with borehole data, 17 showed good
agreement (the discrepancy in the depth to the interface is less than 5m),
6 measurements showed fair agreement (the discrepancy is between 6-10m) and
3 measurements showed poor agreement (the discrepancy is between 11-15m). In
one case there was complete disagreement between the TDEM and borehole data
(the discrepancy is about 70m) and this was most probably due to improper
correlation between the size of the transmitter loop and the depth to the
interface.

Three additional TDEM measurements which detected seawater intrusion and
which were carried out close to the observation wells, could not be
quantitatively correlated with borehole data owing to technical limitations
in the wells. However, qualitative and sometimes semiquantitative
correlation was possible and showed good agreement between the TDEM and
borehole data in all measurements.

Seven other TDEM measurements carried out near the boreholes did not
detect seawater intrusion; this was in good agreement with five observation
wells and in complete disagreement with two others.
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PETROGRAPHICAL STUDIES IN AID OF UNDERSTANDING ARCHAEOLOGICAL FINDS
GOREN Y.
RESEARCH DIVISION, ISRAEL AUTHORITY OF ANTIQUITIES

Petrographical studies of archaeolaogical artifacts are known since
the 1930s. This method was usually oriented towards technaological
and pravenance studies of pottery, but in some cases it was used
also for studying the spatial distribution of stone artifacts.
Petraographical analyses are recently accompanied by other analytical
methods, amongst which INAA, XRD, PROBE and SAM are most common.

Since pottery is in fact artiticial aggregat of minerals and rocks,
it may be identified petrographically. The changes which occur in
those components, as a result of sorting and firing, can be
determined in thin-sections. Firing temperature is estimated through
changes in the mineralogy of several components, such as alteration
of hornblende into oxyhornblende etc. In some cases, both clay and
temper may point to a specific depositional environment, and the
location of the potter's workshop may be suggested. The following
study is used as an example to the application of the method on a
problem taken from Israeli archaeology.

The Chalcolithic period (4th millennium B.C.) advances the
beginnings of urban life in Israel. Yet is characterized by trade
and craft-specialization in the production of sophisticated copper
and basalt implements. The important sites of this period are
scattered in the northern Negev, Coastal Plain, Jordan Valley and
the Judaean Desert.

In this study, artifacts from about 50 sites were examined
petrographically. The examination of pottery reveals that, in most
cases, the raw-materials reflect the litholaogy of the surroundings
of the sites. Though production techniques point to some
standardization, it seems that in most cases pottery was not traded,
but manufactured locally in each site.

Basalt vessels are introduced in this period in locations where
basalt does not accur, such as the northern Negev and the Judaean
Desert. The lack of evidence for their production in these sites
reveal that they were imported from other regions. Petrographical
examination of these vessels reveals that they were usually produced
of alkali-oglivine basalt. Nevertheless, in some cases these vessels
were made from a black variation of the Senonian phospharite of the
Mishash formation. The differentiation between the two types is
rather difficult to the naked eye. Since it seems that veasels of
both raw-materials were produced in the same workshaps, their
possible origin may be in the Trans-Jordan, where phasphorite
outcrops expose near basalt flows.

Petragraphical examinations of ceramic cores of copper mace-heads
+rom the famous Nahal Mishmar hoard show, that they are variable in
both raw-materials and technique. The ceramic assemblage of this
site is radically different from the one aof the Ein-Gedi shrine.
Therefor, the common interpretation connecting the hoard to the Ein-
Gedi shrine is rather dubious. It is evident that in this period,
daily tools (pottery) are satill locally made, whereas luxurious
praducts are already made by specialists, This phenomena is typical
to stratified societies in a preliminary process of urbanizm.
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THE HIGH RESOLUTION STM (SPOT-TM MERGE) SATELLITE IMAGERY AND DTM
(DIGITAL TERRAIN MODEL) OF ISRAEL

Hall, J.K.l, and Cleave, R.L.W.2

1 Geological Survey of Israel, Jerusalem
Historical Productions, Inc., c/o POB 19823, Jerusalem

Two high resolution spatial databases have been prepared for
Israel and its environs in order to allow Historical Productions (HP)
to prepare computer-generated normal and oblique synoptic images of
the Holy Land landscape and video movies of simulated flight over the
animated topography.

The first database is satellite imagery coverage on a 10 m grid.
A non-mosaicked image was obtained by merging five thematic mapper
(TM) color scenes from a single pass of LANDSAT 5 on the cloudless
morning of January 18, 1987 with higher resolution panchromatic
imagery of Israel from SPOT IMAGE. Using proprietary software, Kodak
Remote Sensing of Landover, Maryland used the grey-scale shading of
the 10 m SPOT pixels to reinterpolate the 30 m pixels of the colored
TM images to 10 m. The resulting imagery in pseudo-natural colors was
output on Scitex compatible tapes to allow color image processing and
printing plate generation on a Scitex Imager III system. This data
has been printed in full color laminated posters in a variety of
formats at scales between-.1:150,000 and 1:25,000. A new Heidelberg
press can print approximately 9000 copies per hour in four colors with
lacquer enhancement.

The second database, giving another dimension to the satellite
imagery, is a Digital Terrain Model (DTM) of Israel on a 25 m grid.
The DTM was a joint undertaking of the Geological Survey of Israel,
Historical Productions, and the Israel Mapping Centre. It is based
upon the topographic information contained in the 10 m contours of the
eighty-six 1:50,000 scale topographic maps of the Israel Mapping
Centre. The DTM was prepared in 30 months using three inexpensive PC-
AT systems with EGA graphics and GTCO digitizers with 16 button
cursor. Innovative FORTRAN and HALO software directly converts color-
coded intervals between contours on the scanned maps to a DTM using
weighted means of points interpolated by cubic splines from both N-S
and E-W topographic profiles.

The initial use of the two databases has been to prepare machined
3-D models of the topography at scales between 1:6,000 and 1:100,000.
Sheets of heat sensitive plastic were then overprinted with the STM
image of the corresponding land surface at scales of 1:50,000 and
1:100,000, and heat and vacuum-formed onto the machined mold to
produce 3-D topographic models at 200-300% vertical exaggeration. The
DTM itself is tested by computing slopes on a 14 m grid and using a
330 color Hewlett Packard Paintjet printer to display the slopes at
0.279 resolution as an exact overlay to the original 1:50,000 map.
These slope maps reveal a pattern of parallel slope inflections highly
suggestive of ancient shorelines which may offer new insights into
paleotectonic movements. HP is now using the nearly completed DTM to
determine heights for the 10 m pixels of the STM image of all of
Israel and the adjacent areas for the purpose of producing computer
generated oblique synoptic images of the satellite imagery and thus
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videa movies of simulated flight over the animated topography. For
preparation of a new atlas the DTM will be used to produce shaded
relief maps with near-continuous variation of the hypsometric tints.

An accompanying poster session will present the imagery from this
project in the form of numerous experimental and production posters at
sga]es to 1:25,000, and will offer for sale at a special reduced price
the new:

1) Historical Productions Flip Chart Atlas. This convenient
spiral-bound atlas contains 1:150,000 scale STM data for Israel and
adjacent parts of Jordan, Syria, and Lebanon. The atlas is cross-
referenced to HP’s existing Bible Lands Exhibit (Introductory Unit)
and set of eight Regional Guides.

2) Historical Productions 1:100,000 scale set of twelve STM
posters for Israel and adjacent parts of Jordan, Syria, and Lebanon.
A detailed STM poster of Jerusalem at 1:50,000 scale is also included.

There will also be a working computer demonstration of the
production and use of the DTM, exhibition of sample plastics 3-D
relief models, and colored slope maps produced from the DTMs. For the
meeting Historical Production has printed a special 1:50,000 scale STM
poster of the Eilat area which will be distributed free to all
attendees.

After the meeting posters may be purchased from Tal Publishing
(03-449312).
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The Stratigraphic Section of the Plio-Pleistocene Rock Units
in the Dead Sea Rift, Northern Israel

Heimann, A.
The Golan Research Institute, Qazrin, and the Geological Survey, Jerusalem

The stratigraphic section of the Dead Sea Rift and its margins in
northern Israel, presented in the table, 1is based on field data and new
geochrongological data (“+" denotes radiometric control point).

The section is composed of basalts and continental sediments which were
laid down in the developing graben of the Dead Sea Rift. The rock units are
restricted to the basins or to the highs separating them.
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RESULTS OF A TELESEISMIC P-WAVE RESIDUALS STUDY IN ISRAEL
Hofstetter, A., Feldman, L. and Rotstein, Y.
The Institute for Petroleum Research and Geophysics, Holon

This study estimates the gross geometry of the crust in Israel using
travel time obsérvations of teleseisms recorded by the local seismic network
of the country. Teleseismic P wave travel time residuals from 169 events
were recorded by an array of seismic stations throughout Israel. The Israel
seismic network is narrow and elongated in a north-south direction,
prohibiting the use of three dimensional velocity inversion. In general,
three provinces are apparent in the residual time map of Israel. The
northern one occupies the area north of Lat. 30.5N and is characterized by
positive values indicating the presence of low velocity material in the
subsurface. The second province, to the south of the first, extends
approximately to the Paran area and is characterized by a relatively flat
signature of both positive and negative residuals. The boundary between
these two provinces is a prominent E-W trending gradient extending from the
Mediterranean to the Dead Sea. It is approximately equivalent to a
previously proposed plate boundary and to the southern boundary of a very
deep sedimentary basin which occupies parts of central Israel. The third
province in the residual map occupies the area south of Paran and is
characterized by a steep gradient of negative values which is, most
probably, associated with crustal thinning towards the Dead Sea rifts in
this area. The teleseismic residuals suggest a crustal thinning of about
10-11 km. between Paran and northern Israel and the same values are derived
using the gravity field over Israel.
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CORRELATION OF PREHISTORIC CULTURES IN ISRAEL WITH
THE GLOBAL OXYGEN ISOTOPE SCALE

A. Horowitz

Palynological Laboratory, Institute of Archaeology,
Tel Aviv University, Ramat Aviv, Tel Aviv 69978,
Israel

Continupus pollen diagrams from the
Quaternary of Israel show periods in which the
arboreal shares are considerably higher than at
present, indicating a well-developed Mediterranean
forest in the north of the country, which had
spread southward, to the present day desert
regions. These periods correspond to times of low
sea levels, hence to stages of enrichment in oxygen
18, during the glacial phases. The interglacial
periods, of high sea levels, are recorded in Israel
by an extreme poverty in arboreal pollen, even
poorer than today. The glacials and interglacials
are separated by interstadials, of the present day
palynological characteristics.

Pollen diagrams from the Hula and the Dead
Sea, continuously spanning the last 3.5 million
years, show a good correlation of the arboreal
peaks with the glacial phases, recorded in the
oceans by the oxygen isotopes. This agreement
permits the assignment of prehistoric cultures of
Israel, which are embedded in sediments
palynologically tied-up with the borehole
sequences, to the standard oxygen isotope scale.
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IRON CONCRETIONS IN THE MAASTRICHTIAN TO PALEOCENE
SEQUENCE OF ISRAEL

Ilani, S.*, Rosenfeld, A.*, Nathan, Y.*, Flexer, A.Z2,
Honigstein, A.*, Grossowicz, L.*, Dvorachek, M.%*, Ehrlich, S.t.

* Geological Survey of Israel, Jerusalem
2 Tel Aviv University, Dept. of Geophysics and Planetary
Sciences, Tel Aviv

Abundant iron concretions, a few centimeters in size and
found in chalks and marls of Maastrichtian +to Paleocene age,
represent an interesting phenomenon in the Phanerozoic section of
Israel. The iron concretions were found hitherto in the Ghareb
and Tagiye formations in Nahal Rehav'am, Nahal Paran, Nahal
Zihor, Nahal 2in, in the Yeroham, Shivta, and Arad areas, in the
western Judean foothills, in the Sartaba area, Ramot Menashe, and
the Nazerat and Zefat areas.

Their mineralogy, geochemistry, morphology and origin were
studied in the Nahshon area, western Judean foothills. The
concretions, originally composed of pyrite, were partly altered
in epigenetic stages to iron oxides (goethite and hematite)
enriched with silica and sulfates. The iron minerals are
associated with barite, calcite, quartz, rare silver and mercury
minerals.

High concentrations of zinc, vanadium, nickel, lead, mercury
and silver were found within the iron concretions. In several
samples high contents of selenium and gold were also found. The
metals are enriched from one to three orders of magnitude above
their concentrations in the country rocks.

Many iron concretions are spheroids with mushroom-like forms
and a central.axial rod. Their morphologies and ultrastructures
resemble sponges, algae and bacteria colonies. The iron
concretions were formed most probably by biogenic and diagenetic
processes in reducing microenvironments in the bottom sediments
of a normal sea.

A possible source for the iron and other metals might be the
iron-rich sediment soils of the unconformity planes between the
Turonian and Eocene strata that developed on top of the emerged
anticlines of the Syrian-Arc fold system.
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PRELIMINARY INTERPRETATION OF DATA FROM TWO CORE-DRILLINGS
IN SHEN RAMON, CENTRAL NEGEV

Itamar, A., Shiloni, Y., Baer, G.
Geological Survey of Israel, Jerusalem

Two core-drillings, each 60 m deep were drilled 1in
January-February 1990 in Shen Ramon. These were drilled to
investigate the magmatic body which is enriched on the surface in
metals, such as iron, 2zinc, lead and also some silver and gold.

The metallic mineralization is generally oxidized and \is
accompanied by alteration features which are defined by a
rare-earth element anomaly and a high ratio of the light (Ce, La)
against the heavy (Y, Yb) rare-earth. The gangue minerals
associated with the metallic ore minerals are: barite, anhydrite
and halite. All these features are typical to hydrothermal
alteration at high temperatures (>350°C).

The +two drill-holes are situated 50 m south of the
northwestern margins of Shen Ramon at the same elevation and
100 m apart. Though the analyses of samples is only preliminary,
some prominent features can be summarized:

1. The magmatic body overlies a sedimentary sequence beginning
at the depth of 35-30 m below the surface.
2. The 15 m of the sedimentary sequence which were drilled

is composed mainly of dolomite and shales, may be of the

Jurassic or Triassic ages.

3. The magmatic portion of the cores drilled 1is enriched 1in
alteration and mineralization which are generally oxidized.

4. The magmatic rock is fractured and brecciated, which caused
total water loss along both drillings. The brecciation may
explain the Radon anomaly, which was 1identified at the

drilling location. N
5. At the contact with sediments, a small chilling 2zone with

some contact-metamorphic features was identified.

From the findings, it may be concluded that the northern
margins of Shen Ramon 1is a sill or a 1laccolith, intruding
sediments and it is possible that this shape is typical also to
other parts of the magmatic body.

Reinvestigation of field relations of Shen Ramon as well as
its subsurface structure, using modern geophysical methods is
necessary.
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INDUCED SEISMICITY BY RAINFALL AND WATER LEVEL IN LAKE KINNERETH
Kafri, U. and Shapira, A.
The Institute for Petroleum Research and Geophysics, Holon

A good correlation is obtained between earthquake occurrence in the
northern rift valley and the lowest seasonal water level of Lake Kinnereth
and the beginning of the rainy season in the Kinnereth region. It is
suggested that the start of the rainy season and the subsequent recharge of
aquifers increases the confined hydrodynamic pressure and flows along the
boundary faults which also act as goundwater conduits. This in turn
increases the lubrication and decreases friction along the faults. As a
result, earthquakes which would have occurred at some time in the future are
triggered.
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HYDROTHERMAL CLAY MINERALS OF THE MARIANA RIDGE, PHILIPPINE BASIN
Koehler, B.l, Singer, A.2, Stoffers, P.l

Ichristian-Albrechts University of Kiel, Dept. of Geology, West
ermany

Hebrew University of Jerusalem, The Seagram Center for Soil and Water
Sciences

The object of the 57th expedition of the German research vessel
"SONNE" (July-August 1988) in the area of the Mariana Ridge east of
the Philippine basin, was the study of the petrology, sedimentology
and hydrothermalism of this area. Among others some grab samples
containing chimney material of smokers were recovered from 3600-3700 m
water depth. Together with these precipitates, clay material was
found mostly adhering to the cavernous chimney structure in the form
of thick (up to several cm) clay coatings. This greenish clay
material has been subjected to examination by XRD, XRF, TEM, SEM and
DTA. The clay-fraction is primarily composed of smectite, high in Fe
and with only traces of Al. Particle morphology, as well as specific
surface area are typical for smectite. Very low dehydroxylation-
temperatures suggest nontronite of recent origin. Delicate aggregate
superstructures of tubular shape indicate authigenic growth on the
smoker surfaces provided by the smoker precipitates. It is proposed
to explain the origin of the clay material partly by 1late
precipitation of material provening from the smoker vents.
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REINTERPRETATION OF THE HYDROLOGY OF THE COASTAL AQUIFER
Kolton, Y.

TAHAL - Water Planning for Israel, Ltd., Department of Hydrology,
Tel-Aviv

The Plio-Pleistocene coastal aquifer is one of Israel’s important
groundwater reserves. The amount of water that is exploited yearly is
almost 400 M m>. In addition, important parts of this aquifer are
used as a water storage facility whereby floodwaters and waters from
the National Carrier are injected into it. According to the
traditional hydrological model the coastal aquifer is continuous along
the coast and from the land - seawards. This implies that the
freshwater in the aquifer is in contact with the sea water to the west
and that a freshwater/saltwater interface exists. Therefore, to
prevent seawater intrusion landwards, the traditional model requires
that freshwater_be continuously released to the sea. The model
requires 90 M m°, or a quarter of the exploitable freshwater, to be
made available (and thereby "wasted" for consumption) to stabilize
position of the interface.

Reevaluation of the data available from over 1000 wells allows
for a different hydrological interpretation that demonstrates that the
aquifer need not be considered as a continuous sedimentological
feature all along the coast. During Plio-Pleistocene times tectonic
activity combined with sea level changes (with its attendant changes
in sedimentation) subdivided the aquifer into smaller sedimentological

blocks arranged perpendicular to the shoreline. Increased clay
deposition westwards seals parts of the blocks against seawater
penetration. Therefore, there is no need to develop a uniform

positioning of the saltwater-freshwater interface all along the coast.
To the extent that this is recognized, lesser amounts of fresh water
need to be released to preserve the position of the interface front.
Locally greater amounts of freshwater can be exploited without any
danger of a landward salinity advance.
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SHALLOW VOIDS DETECTION USING SEISMIC METHODS
Kravtsov A., Shtivelman, V., Beck, A. and Keydar, S.
The Institute for Petroleum Research and Geophysics, Holon

Detection of voids (caves, tunnels, etc.) in the shallow subsurface is an
important problem in many applications such as engineering geology, mines
mapping, archeology, hydrogeology and others. Recently many attempts have
been made to solve the problem using various geophysical methods. The
results show that there is no general method suitable for all situations, so
that in every region and for each kind of problem, a specific technique
should be chosen.

The present work deals with the development of seismic methods for
detection of shallow voids and for their mapping under the geological
conditions of Israel. The main part of the investigation was carried out in
the Beit Guvrin area where there is a large number of open caves in chalk
rocks. Additional investigations were carried out near Ma'ale Efraim where
the problem was to detect carst cavities in hard carbonate rocks. The
investigations were carried out using simple and relatively inexpensive
techniques.

The results of data processing and interpretation show that the close
vicinity of voids manifests itself as an anomalous region on various seismic
sections. The results can be summarized as follows:

a) On common offset gathers, common receiver stacks and common midpoint
(CMP) stacks obtained wusing the data with 1m distance between
geophones, four kinds of anomalies can be detected:

- anomalies in arrival times of reflected and refracted waves;

- disruptions of correlation of seismic events;

- sharp changes in intensity of the events; .

- the appearance of resonance with a dominant frequency of
130-140 Hz all along the trace.

b) On CMP stacked sections obtained using the data with 0.25m distance
between geophones, reflections from the top of the cave and
reverberations generated between the cave and the free surface can be
clearly seen.

A comparison of the results of seismic methods with the corresponding
results obtained using radar technique shows that, in most cases, there is a
good agreement between them. This leads us to the following conclusions:

- Voids can be detected with reasonable reliability on the basis of

joint analysis of various anomalies on seismic sections.

- Mapping of voids with relatively high accuracy can be achieved on the
basis of detailed reflection work.

~ A combination of seismic methods with radar technique will lead
to a considerable increase in reliability of results.
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SINGLE ZIRCON AGES FOR LATE PRECAMBRIAN MAGMATIC ROCKS OF HAR
TIMNA

A. Kroner*, M. Beyth**

*Institute fur Geowissenschaften, Universitat Mainz,
West Germany

**Geological Survey of Israel, Jerusalem, Israel

The magmatic rocks of Har Timna are exposed along the
northern margin of +the Arabo-Nubian massif and constitute the
final episode of the Pan-African event in this region. The rocks
are shallow intrusives ranging in composition from olivine norite
to alkali granite and are cut by swarms of acid and basic to
intermediate dykes (Zlatkine and Wurzburger, 1957; Beyth, 1987;
Shpitzer et al., 1989).

Field relations define. an evolutionary history from older to
younger as follows: basic/ultrabasic, intermediate, calc-alkaline
granite, alkali granite, alkali rhyolite dykes, quartz monzonite,
basic to intermediate dykes.

We report 2°7Pp/2°8Pb ages for some of these rocks using the
single zircon direct evaporation technique of Kober (1887). The
calk-alkaline granite 1is the oldest with an age of 6255 Ma
(l-sigma error), followed by the gabbro and diorite with
indistinguishable ages of 611110 Ma and 6108 Ma respectively,
and the alkali granite at 60910 Ma. There appears to be a
discrepancy between the observed field relations of the
calc-alkaline granite with the other igneous phases and the above
age sequence.

Our zircon ages are older than the Rb-Sr isochron age of
5927 Ma reported by Halpern and Tristan (1981) for the Timna
granite. We are confident that our ages reflect the time of magma
crystallization, and the zircons are not xenocrysts. We therefore
interpret the Rb-Sr age as either the effect of slow cooling or
as reflecting a post-magmatic thermal event, perhaps associated
with dyke swarm emplacement.
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GENERATION AND CONTINUITY OF OVERLAND FLOW ON STONE COVERED
SOIL SURFACES

Lavee, H.' and Poesen, J.2

! Department of Geography, Bar-Ilan University, Ramat-Gan,
Israel.

Laboratory for Experimental Geomorphology, K.U. Leuven,
Belgium.

Analysing the mechanism of overland flow generation,
the influence of stone cover 1is a function of several
variables. The main ones are:

a. Stone size. This may have opposite effects. On the one
hand, the stone protects the underneath soil from the impact
of raindrops, thus preventing surface crusting and the
consequent overland flow. On the other hand, overland flow,
generated on the relatively impermeable stone, spreads to the
surrounding area.

b. Stone position - on top of the soil or embedded. This
partially controls which of the above mentioned effects will
dominate.

c. Distance between stones. This 1is a function of the
percentage of stone cover and affects the flow continuity.

Most studies on runoff and erosion at stone covered
areas were conducted in agricultural sites with the aim of
investigating the effect of stone removal on soil erosion.
Few were done in natural areas or in the laboratory.
Contradictory trends were found on the influence of stone
size on runoff and erosion rates.

The present study shows results of laboratory
experiments conducted with the aim of investigating
systematically the influence of stone cover on overland flow.

Rainfall of 71 mm/h during 60 minutes was simulated 1in
each experiment on 1.65m X 1.30m plots, with 5% gradient.
Overland flow discharge from the central part (0.94m X 0.60m)
of the plot was measured at intervals of 1-5 minutes. 4 stone
sizes (3,6,12 and 22 cm), 4 cover percentages (30,49,70 and
88%) and 2 positions (on top and embedded) were examined.
The soil was composed of 85% sand and 15% quartzic silt. Each
experiment started on dry soil.

The results show that overland flow increased and time
to overland flow decreased as the stone size was grater and
the distance between stones shorter. This trend is clearest
in stones of the 3 largest sizes, and in the embedded
position. Increase of stone size caused increase of overland

flow even when the distance between stones concomitantly
increased.
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SOURCE SIGNATURE ESTIMATION IN TWO DIMENSION MODEL
Loewenthal, p.t Shtivelman, v.?

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

2The Institute for Petroleum Research and Geophysics, P.0.Box 2286,
Holon 58122, Israel.

Estimation of seismic source signature is an important problem,
with possible applications in seismic deconvolution, full deghosting
and dereverberation, and also in certain algorithms of seismic
inversion. In previous works the authors have developed an algorithm
for estimation of the source signature in one dimensional model. The
algorithm is based on two sequential extrapolation processes. First,
the wave fields, measured at two closely spaced depth levels, is
extrapolated upwards from the receivers to the free surface; this
results in the so-called fictitious surface source (FSS). Next, the
field of the FSS is extrapolated downwards to just below a fictitious
perfect reflector (FPR) placed at the depth of the source; this results
in the estimation of the source signature, i.e. the time history at
the source.

The present work is an extension of the above algorithm to two
dimensional problem. Like in the one-dimensional case, the FSS is
obtained by upward extrapolation of wave field measured at a depth, to
the free surface. The extrapolation can be performed using either full
wave equation depth marching finite difference scheme, or full
Kirchhoff integral solution to the extrapolation problem. In the case
of the finite difference extrapolation, the evanescent energy should
first be filtered out. The second extrapolation is performed by direct
modeling, using the usual time-marching finite-difference scheme. The
modeling is done with the FSS as a source introduced through the
boundary conditions, and the FPR placed at the depth of the actual
source.

While the FSS includes certain model related events 1like ghosts
and reverberations above the source, the pure source signature
estimated by the above algorithm, is model independent and gives a
fair approximation of the time history of the actual source.
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DIAGENESIS IN HEAVY OIL DEPOSITS OF THE CLEARWATER FORMATION,
CANADA: ISOTOPIC AND MINERALOGIC STUDIES

Longstaffe, F.J¢%*>, Ayalon, A.¢2>, Racki, M.A.¢2?

¢*)> Department of Geology, University of Western Ontario,
London, Ontario, Canada N6A 5EB7

¢2> Geological Survey of Israel, 30 Malchei Yisrael Street,
95501 Jerusalem, Israel.

The bitumen-saturated sands of the Clearwater Formation in
the Cold Lake area contain much of Canada's heavy o0il reserves.
The formation is dominated by fine to medium grained, bitumen
saturated 1lithofeldspathic sandstones, with abundant carbonaceous
material. The unit has been interpreted as a marine deltaic
sequence. 0Oil sands in the Clearwater are of interest due to their
thickness and lateral continuity.

Our study focusses on the mineral-water-organic interactions
that controlled the diagenesis, using the oxygen- and
carbon-isotope compositions of diagenetic minerals as our tracer.

The oxygen-isotope compositions of major diagenetic phases
from the Clearwater Formation have been determined (in permill,
SMOW). Early diagenetic minerals are berthierine (+6.6 to +10.8)
and smectitic clay minerals (+17.9 to +21.5), followed by alkali
feldspars (+15.9 to +17.5) and diagenetic silica (+21.0 to
+23.2). Early to 1late diagenetic calcite has a large range in

3*90 (permill, SMOW) composition (+17.1 to +23.1) and a &still
larger range of §*3C (permill PDB) values (-4.8 to +17.1).

Early calcite generally has carbon-isotope compositions that
cluster near O permill, and probably formed from COz of inorganic
origin. The dominant trend is towards higher 3*3C and lower 3*°0
for calcite values. This behaviour 1indicates that COz produced
during complex fermentation reactions involving organic matter
became important as the temperature of +the system rose. Late
calcite cements show a trend of decreasing 3*°0 and 3*3C values.
Such behaviour indicates that this episode of calcite cementation
was controlled by meteoric water transporting soil-derived COz.

We suggest that early diagenesis occurred in the presence of
brackish waters during which berthierine, smectite and calcite
crystallized at close to surface temperatures (e.g. <20°C).
Precipitation of authigenic alkali-feldspars and gquartz followed
burial and dissolution of detrital grains. Maximum burial
temperatures may not have exceeded 60°C. Calcite <crystallization
continued throughout diagenesis. The carbon isotopic data strongly
imply that organic matter has played a crucial role throughout the
mineral diagenesis of the o0il sands. A direct linkage may exist
between organic diagenesis (bacterial activity, alteration of
hydrocarbons) and the domain-specific crystallization of
diagenetic phases like berthierine and calcite in the oil sands.
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PRELIMINARY RESULTS OF PALEOMAGNETIC AND MAGNETIC MINERAL
STUDY OF IGNEOUS ROCKS OF MOUNT TIMNA

Marco S.* Ron H.# Beyth M., Matthews A.?

1 Dept. of Geology, The Hebrew University, Jerusalenm,
2 Institute for Petroleum Research and Geophysics, Holon,
3 Geological Survey of Israel, Jerusalem.

The wuplifted block of Mount Timna includes shallow
intrusive rocks ranging in composition from gabbro-norite
to alkali granite as well as dikes of various composition
and orientation. All were emplaced during the last phase of
Upper Proterozoic activity in the northern margin of the
Arabo-Nubian massif.

121 core samples located at 20 sites were drilled for
paleomagnetic measurements. The sites include samples of
gabbro, monzonite, quartz-monzo-diorite, alkali granite and
6 different dikes.

Measurements of the natural remanent magnetism were made
with the cryogenic magnetometer at the I.P.R.G.. Direction
and intensity of the magnetic vector were determined using
stepwise demagnetization by alternating magnetic field of
increasing intensity.

The sites in the monzonite, quartz-monzo-diorite and
dikes of alkali rhyolite, andesite and dolerite (which is
the youngest intrusion in Mount Timna) have steep
inclinations and north trending declinations. This
direction of the magnetic field differs from that expected
for the Precambrian but it is similar to that of Miocene
to the present and possibly implies a resetting. The
vectors from sites in the gabbro and the other dikes have
different orientations most probably acquired in another
time, as yet unknown.

In search for a possible resetting mechanism the magnetic
mineral assemblages of these rocks were analysed with the
electron microprobe at the Department of Geology of the
Hebrew University. Results of image processing and selected
mineral chemistry analyses are presented.
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DISEQUILIBRIA PHENOMENON IN THE URANIUM DISINTEGRATION SERIES -~ NORTHERN
NEGEV OIL SHALES

Minster. T.!, Kronfeld, Y.2, Ne’eman, E.® & Shiloni, Y.?

! - Geological Survey of Israel, 30 Malkhe Yisrael St., 95501 Jerusalea

2 - Department of Geophysics & Planetary Sciences, Tel Aviv University,
69978 Tel-Aviv

® - Research Institute for Environmental Health, 69978 Tel-Aviv

Sediments., mainly carbonates, which are enriched in organic matter are
widespread in the uppermost sequence of the Mount Scopus Group in many parts
of the country, especially in the subsurface. Recently, the so-called 'oil
shales’ preserved in basins of the north-eastern Negev and the Shephela
regions have been targeted for their economical potential.

It has been previously noted that the oil shales of the Ghareb
Formation have a relatively high uranium content (15-40 ppm) of which only
part can be attributed to a lattice site in the apatite, present as a minor
mineral.

The normal situation in the uranium disintegration series is that of a
dynamic equilibria, i.e., upon new nuclei formed there are same numbers
which are disintegrated. Measurments of uranium contents by direct methods
[e.g., delayed neutron activation (DNA), detailed gamma spectrometry of
uranium daughters by germanium crystal and alpha particles spectrometryl
yielded much higher values than those obtained using methods based on
monitoring only the Bi2*4 daughter by ordinary gamma-ray techniques. This
indicates that a significant disequilibria is present in the uranium
disintegration series. Several independent methods revealed an assumption
about the possible 'location' of the break/s in the disintegration chain.
The underlying unit (the Phosphorite Member of the Mishash Formation) is
richer in uranium (up to 200 ppm) but was found to be in equilibrium in the
samples analysed from the bituminous facies. In wunderlying beds of the
Mishash Formation (when enriched in organic material) disequilibrium values
may also be inferrved.

The disequilibria phenomena of the uranium series is now being applied
to (I) Investigate the uranium and its daughters generated from this part of
the sequence and understanding their migration in geological and
hydrological systems, and (II) In assessing what environmental effect, if
any, it may have on technological processess, such as combustion and
retorting of oil shales for energy gerneration.

Both gamma-loging measurments and DNA analyses were carried out by the Soreq
Nuclear Research Center, Yavneh.
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THE STRATIGRAPHY OF THE COVER BASALT IN NORTHERN ISRAEL -
A REVIEW

Mor, D., Heimann, A., Shaliv, G. and Steinitz, G.
Geological Survey of Israel, Jerusalem

The term "Cover Basalt" was coined some 50 years ago. This
formation was defined based on <classical 1lithostratigraphic
criteria: it is composed of a series of alkali olivine basalt
flows, unconformably overlying Eocene to Lower Pliocene
formations. The Cover Basalt was first dealt with in the Lower
Galilee where it covers extensive areas. Its type section is
located between Nahal Yisasskhar and Hirbet Gvul and a
"Neogene-Quaternary" age was attributed to it.

Mor and Steinitz (1982) published K-Ar ages from five
typical sites of this basalt unit in the Lower Galilee and from
two sites 1in the Southern Golan Heights. According to their
results the age of the formation spans from 3.9 m.y. at the base
(N. Yisasskhar) to 3.0 m.y, at the top (Poriya I'llit).

Since these results were published, the precision of young
age results obtained in the geochronological laboratory has
improved considerably. Therefore an update of the first results
is given herein. Furthermore, additional sites, presumably of the
same stratigraphic unit, have been dated. These are spread over a
larger area, including the northern Golan, Korazim Plateau, Hula
Valley, VYisraeldon and Harod valleys and the Gilboa region. Some
50 sites, exposed and in the subsurface, have been dated by the
K-Ar and Ar/Ar methods.

Results of the radiometric dating were published in stages
by Mor, Heimann, Shaliv and Steinitz in the years 1986-1989 and
parts are under preparation for publication. The sampling of the
basalt segqguence was governed by specific 1local considerations.
Therefore the sampling is biased in terms of an overall
stratigraphic evaluation of the Cover Basalt.

Ages according to location of eites within the segquence

Type of site Number of |Age span
analyses (meye.)

Top of sequence: basalts overlain by
sediments or on surface exposure 21 4.6-3.3

Base of sequence 20 5.3-3.9

Other parts of the sequence 16 4.9-3.5
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The ages obtained for sites at the top of the sequence as
well as for the sites at the base show significant age
differences within each group - differences which are larger than
the analytical uncertainty. Furthermore, as the basalts cover an
erosional unconformity it is clear that the basalt flows first
filled the topographic lows. Thus, the age of the base may vary
as it depends on the sampling site. On the other hand, as the
basalts generally cover the surface, the original top may be
eroded and the sampling might not represent the youngest basalt
at the location. Extreme age values for the sequence considered,
by the authors, as "Cover Basalt" in different areas are 5.3 at
the base (Nahal Sheizafim, Emeq Harod) and 3.3 m.y. at the top
(Notera well, Hula Valley). The updated ages for the "type
section” in the Lower Galilee are 4.6 (base) and 4.2 m.y. (top).

The present data set does not allow us to prefer a specific
section as a type section in which the maximum number of basalt
flows are occurring, and in which the oldest and youngest flows
are represented.

The question arises whether it would not be more practical
to divide the volcanic sequence presently called "Cover Basalt",
which originated from a variety of sources, into groups of
local, continuous lithostratigraphic units, each of which has its
own representative section.
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INTER-RELATIVE ASPECTS OF NANNOFOSSIL AND PALYNOMORPH BIOSTRATIGRAPHY
AND PALEOECOLOGY AT THE K/T BOUNDARY, HOR HAHAR SECTION,
SOUTHERN ISRAEL

Moshkovitz, S.l, Eshet, Y.l, Magaritz, M.z

1 Geologlcal survey of Israel, 30 Malkhe Yisrael St., Jerusalem 95501
2 Welzmann Istitute for Sclence, Dep. of Isotopes, Rehovot, 76100

In a study of the K/T boundary in Hor Hahar, the relationships
between the major phytoplankton groups were studied. Results point to
a competition between the organic-walled (dinoflagellates) and the
calcareous-walled (nannoplankton) groups, which wutilize the same
ecological environment. Four stratigraphic and paleoecologic phases
were recognized 1in a section of about 6 meters. They are presented
here from the older to the younger:

1. Uppexmost Maastrichtian (Micula prinsil nannofosll Zone)
This zone was subdivided into'two parts:
A. Micula decussata ooze: #about 1.5 m (samples 84-75), characterized
by overwhelming amount of the nannofossil M. decussata, assoclated
with Thoracosphaera (calcareous dinoflagellate, typlcal of extreme,
usually shallow marine environments).Palaeocystodinium sp. A is the
only organic-walled dinocyst in this interval.
B. In the upper part of this zone (samples 70-64), dinocysts of
shallow marine environments, with Increased abundance of terrestrial
organic particles indicate land influence or proximity of land toward
the end of the Maastrichtian.
2. THE_K/T RQUNDARY TRANSITIONAL ZONE (SAMPLES 63-62)
This 1interval 1is marked by the FO of the foraminifer Globigerina
eugubina and rare occurrences of the nannofossils Biscutum xomelinii
and B.__parvulum. A competition between the phytoplanktonic groups lis
probably indicated by the abundance of thoracosphaerids on one hand,
and the rare occurrence of dinocysts, most of which are typlical of
shallow water. These, together with the lncrease 1in terrestrial
particles, indicate a regressive phase at the K/T boundary.
3. REzESTABLISHMENT OF_MARINE_CONDITIONS FOR DRINOFLAGELLATES AFTER K/T
CRISIS -~ NP1l Zone (samples 61-37)
Gradual increase 1in quantity and varlety of dinocysts, assocliated with
a decrease in terrestrial particles indicate a transgressional phase
after the K/T boundary. Dinocysts gradually become very abundant,
forming a "dinoflagellate ooze". A later decrease 1in dinocysts and
increase in terrestrlal particles (samples 42-28), assoclated with
Thoracosphaera ooze (samples 42-37) suggest a regressive phase.
4. RE-ESTABLISHMENT OF MARINE CONDITIONS FOR CALCAREQUS NANNQPLANKTON_

Characterized by 1increase 1in Early Tertliary nannoplankton forms,
indicating the return to normal marine (though not optimal) conditions
for nannoplankton after the K/T crisis. The 1lower part of this
interval (samples 28-16) contalns amorphous organic matter and no
terrestrial particles, 1indlcating a transgressional trend, which
agrees wlith the evidence from nannoplankton. Above sample 16,
dynocysts become abundant again. 13
Geochemical analyses of the section (TOC and §°C values

indicates another ecological break at sample 42, about 1 m above the
K/T boundary. This coincides with a "bloom™-df thoracospharids, sudden
increase 1In organic terrestrial particles and a sharp decrease 1In
dinocysts. These minima in the 3" C values above the boundary, have
been noted recently by the Israell team, working on the K/T boundary
problem in other areas.
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THE HYDROLOGICAL SYSTEM AND MECHANISM OF SALINIZATION
OF THE AQUIFERS IN THE REGION OF YAHEL-YOTVATA

Naor H. and Shaharabani M.

Hydrological Division, Water Planning for Israel, Tel Aviv

In the Yahel-Yotvata area there are three aquifers which are exploited, namely
the Alluvial, the Turonian-Cenomanian and the Nubian Sandstone aquifer of
Lower Cretaceous age. The latter lies unconformably, and without separating
layers, on Nubian Sandstone of Paleozoic age. Some 20 production wells are in
operation today in this area.

Tectonically, the region is characterized by three - features: the fault
connected with the formation of the Arava graben, the inclination of the
aquiferous layers to the north and east, and two fault systems: the main east-
west system which creates step faults, and a secondary north-south system with
a small throw. These tectonic elements have brought into juxtaposition
stratigraphic units of different ages, containing water of different
qualities. As a result of the tectonic blocks and faults, a hydraulic
connection was created between the different units, and between the deep
aquifers and those above them. This connection has been developing further in
recent years as a result of intensive pumping and disturbance of the natural
hydraulic balance that existed in the past.

The sources feeding the abovementioned aquifers are mainly the flood flows and
subterranean flows from river courses in the west and particularly from river
courses and silt fans in the east. This is true mainly for the Alluvial and
Turonian-Cenomanian aquifers, but there is also some contribution of recent
fresh waters from the east to the Lower Cretaceous aquifer in the region of
the Rift valley.

The volume of water available for withdrawal from the three aquifers between
Nahal Hayun and the Yotvata playa is estimated at about 18 million cubic
meters per year, half of it renewable water which feeds mainly the Alluvial
and Turonian-Cenomanian aquifers and to a small extent the Lower Cretaceous
(some 3 million cubic meters per year).

Today the 20 operating wells pump about 12 million cubic meters per year, most
of it with a salinity of 450 to 1,000 mg Cl/l. The pumping is concentrated in
a relatively small area, a fact which has, over the years, caused bodies of
saline water to be drawn in from greater depths (from the Paleozoic), through
the fault planes, and from the western margins of the Yotvata playa. Although
there is no overpumpage, the situation necessitates spreading of the pumpage
and transferral of part of it northwards, where the hydrological regime is
still undisturbed and fresher water may be expected. Therefore the trend of
further development of sources is towards the north.

The water qualities of the Alluvial and Turonian-Cenomanian aquifers are
similar and relatively good. The initial salinity measured in this complex was
about 450 mg Cl/l. Today, in almost all the Cenomanian wells the salinity is
600 mg Cl/1 or higher, as a result of the drawing in of saline bodies of
water. The Lower Cretaceous wells in the Rift Valley are fed from a western
component with high salinity (up to 1,000 mg Cl/1) and an eastern component of
very low salinity (about 250 mg Cl/1. The main problem is the very high
salinity (10,000 mg C1/1 or more) of the Paleozoic water which lies directly
below the Lower Cretaceous and causes, in a dynamic situation, penetration of
the saline water from below through the faults. Another problem with the Lower
Cretaceous water is the high iron content, which causes blocking of irrigation
systems, particularly in drip irrigation.
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RADIOACTIVE WASTE ISOLATION IN ARID ZONES
Nativ R.

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

Arid zones are currently being considered as ideal sites for
the isolation of radioactive and other hazardous wastes. Because arid
zones have a low amount of precipitation, other hydrological features
such as minimal surface water, low recharge rates, small hydraulic
gradients, deep water table, and low water quality also are inferred
for these areas. These premises have turned out to be misleading in
many circumstances, resulting in ground-water contamination by
radionuclides. Case studies indicating surface-water damages,
occurrence of active recharge, ground-water flow, and considerable
discharge of potable water in arid and hyperarid terrains, as well as
the possibility of future climatic changes, require that a careful
hydrological assessment be made of proposed sites in arid areas.
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RADIOMETRIC DISEGUILIBRIUM OF URANIUM SERIES IN OIL SHALES, USING HIGH
RESOLUTION GAMMA SPECTROMETRY

Ne’eman, E.*, Tal, Y.*, Kronfeld, Y.2, Minster, T.2
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2 - Department of Geophysics & Planetary Sciences. Tel Aviv University,
69978 Tel-Aviv

® - Geological Survey of Israel, 95501 Jerusalem

Uranium is regarded as a mobile element in geochemical terminology. A
natural ground water environment can deplete uranium in one location by
exidative dissolution and enrich it in another by radiocactive precipitation.

It has been previously noted that thr oil shales of the Ghareb
Formation in the Northern Negev have a relatively high uranium content (i.e.
15-40 ppa).

Uranium-238 decays through a series of daughter products, several of
which emit gamma rays thereby producing a characteristic spectra which can,
under the equilibrium condition, lead to information regarding its
concentration but the uranium ores usually do not have all components
present in equilibrium quantities. It is therefore of interest to know the
disequilibria of a particular uranium ore, both for the sake of geochemical
consideration and for the benifit of realistic interpretation of the results
obtained in radiometric surveys. There are at least six positions in the
decay series where parent U-238 can be separated from its daughter products
resulting in disequilibriuam.

In the present work a 100 ca® pure germanium (Ge) detector is coupled
to a charge sensitive PA and a spectroscopy amplifier which incorporates a
pole zero cancelation system. The pulses from the amplifier were analyzed by
a 8192 ADC and S100 software installed in Compaq microcomputer. The system
has an overall energy resolution (FWHM) of 1.8 Kev for 1332.4 Kev gamma-rays
of Co-60, and peak to Compton ratio of 48. The extent of disequilibrium in
oil shale samples was defined in the system by measuring the abundances of
the following components: Th-234, Ra-226, Pb-214, Bi-214 and Pb-210. By
examining the different components of the uranium in the oil shale sample
and comparing its yields to the same component in the uranium ore standard,
we found two main breaks: Th-234/Ra-226 and Ra-226/Pb-214 or Ra-226/Bi-214.
By the same technique we could quantify the disequilibrium ratio. The
repeated result obtained by measurements of several oil shale samples ensure
us that those results can not be considered as artifacts. About 20i5% higher
values of wuranium were found with regard to the ratio of the equilibrium
relative yields of the other daughters.

Thus, it can be concluded that previous works on Israeli oil shales
which used gamma-rays of the above uranium daughters and which had not
predetermined the equilibrium status, may obtained very wrong results.
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LIFETIME OF WATER WELLS ALONG THE COASTAL PLAIN OF ISRAEL
Nir(1), Y., and Lass(2), E.H.E.

(1) - Geological Survey of Israel, Jerusalem

(2) - Leon Levi Expedition to Ashgelon

Twelve ancient water wells were redug, most of them at ancient sites
along the Israel Mediterranean coast, during a combined tectonic and
sea-level study. In order to find the period during which each well
functioned (which is a very important factor in evaluating its ceramic
find), it became very crucial to know the lifetime of stone-cased water
wells. Although there are a few operational "Roman" wells in the foothills
region (e.g. the Roman well near Kibutz Metzer), there is no doubt that
during historical times, a few hundred wells existed in the Coastal Plain,
of while only a few survived to the present. The abundance of water wells
at Tell Ashgelon gave us an excellent opportunity to study the durability
of sub-modern wells. This site was studied by the British Palestine
Exploration Fund (P.E.F.) explorers Conder and Kitchener who surveyed the
area in April of 1875. They published a map of the site which recorded 37
wells. This observation enables one to compare their finds with those
wells that have survived and were recently found and re-mapped by Lass.
There is no doubt that wells in general are in need of permanent and/or
periodic maintainance such as cleaning or repairing, operations which
played a very important role in the wells' preservation. It can therefore
be assumed that a properly constructed well which 1s  periodically
maintained, can operate for a few centuries. This is true for regions
which are at peace, where they are in continual use, for abandonment or
warfare are particularly destructive to wells.
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THE MAON SYNAGOGUE MENORAH MARBLE FRAGMENTS - RECONSTRUCTION BASED
ON STABLE ISOTOPES ANALYSIS

pearl 2.1, Magaritz M.1, Amit D.2, l1an 2.3

1. Isotope Research Dept., Weizmann Institute of Science, Rehovot.
2. Israel Antiquities Authority, Jerusalem
3. Ramat Aviv, Tel Aviv

Natural variations in the oxygen and carbon isotopic composition of marble are
utilized to study 3 major aspects of antique marble artifacts: provenance, authenticity
and fragments reconstruction. Fragments can be associated when the variation in their
isotopic composition lie within the corresponding variation of samples from complete
artifacts of the same size, mineralogy and origin. The marble origin is determined by
comparing the isotopic composition of the fragments to the isotopic signature of marble
quarries that operated during the Roman and Byzantine periods around the
Mediterranean sea.

The marble finds from the recently excavated Maon Synagogue, southern Judea,
consist of 12 Menorah fragments (shaded parts in fig. 1). Maon was part of the
flourishing Jewish community in this area during the Byzantine period. This study was
aimed to determine whether these calcite marble fragments are related. We find tléat
these fragments originated from the island of Marmara (Turkey). The variations in & Bc
and & 'O values between the 12 fragments, 0.37 per mil and 0.38 per mil respectively
are within the corresponding - variations we have found for sarcophagi of_ similar
mineralogy and origin, 0.25 - 0.67 per mil in & 13¢ and 0.42 - 0.55 per mil in § 180. we
therefore conclude that the 12 fragments are related to a single Menorah which
consequently have been artistically reconstructed as follows (fig. 1).

7 2
CJC )
10cm

FIGURE 1. Suggested reconstruction of the Maon Synagogue Menorah drawn by Tania
Slutzki (Israel Antiquities Authority).
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IDENTIFICATION OF SOLOMONIC ASHLAR WITHIN THE HERODIAN MASONRY OF THE
TEMPLE MOUNT, JERUSALEM, BY WEATHERING CRITERIA

I. Perath
The Geological Survey, Jerusalem

The enclosing wall of the Temple Mount in Jerusalem, built during the
second half of the 1st century BC by Herod of Judea, consists of
ornately finished 5-faced ashlar. Courses are 1 to 2 m high and some
of the pieces are up to 13 m long, weighing more than 20 tons. Most
of the stones are cream-colored Turonian reef limestone poor in iron
and clay (the local 'meleke' variety of the Bi'na Formation) with some
intergranular and biogenic vug porosity. This rock forms the local
substrate as well as the heavily-quarried areas north of the Temple
Mount. It appears that the ashlar was brought from these higher-lying
quarries, utilizing gravity for both transport and building.

Large sections of the remaining walls, which have stood exposed
for some 20 centuries and which nowadays form the enclosure of the
Moslem terrain of worship Haram e-Sherif, are marked by highly inequal
degrees of stone weathering. No pattern can be discerned in this
weathering, which is not related to wall direction, elevation of the
course, stone position, or post-constructional history. Neighboring
stones may be either chisel-fresh, or corroded to depths of 5-20 cm,
mainly along partings of the bedding planes. Moreover, intermediate
weathering is rare; stones are either fresh (though enlichened and
insolated), or deeply weathered and corroded.

Explanation for the differential weathering is to be found neither
in the stones' 1lithology nor in the history of the walls. It is
therefore suggested that the weathered stones had an individual
history prior to their present wall placement. Long before building
of the Herodian walls the area had been the site of the temple and
royal acropolis of Solomon (950 BC). These structures were burned and
razed by the Chaldeans under Nebuchadnezzar in 586 BC. Burning by
itself would not have destroyed the Solomonic masonry, reported to be
8-10 cubits (about 4-5 m) long (I Kings 7:10), and it is highly
improbable that, if not buried under the rubble, it would be left
lying about and not be incorporated in later buildings on the site.

Nevertheless, invisible harm would have been caused during a
one-time fire by penetration of carbon dioxide and hot soot into the
water-containing epidermis of the limestone blocks. Both steam and
carbonic acid would be generated in the heated epidermis of the
blocks, disrupting the intergranular microfabric by dissolution and
micofissuring, thus greatly diminishing the durability of the stone
yet without causing visible external harm.

Years of burial in the rubble would not have marred the stone.
The reduced quality became manifest only much later when the pieces
were re-used, as heirlooms of a glorious past and as prototypes of
royal stone-dressing, in Herod's walls. Re-exposure to subaerial
weathering caused the fire-scarred stones to be eroded down to the
undisrupted fabric of their core, at the same time marking them as
possible relics from the days of the First Temple.
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INLAND FORAMINIFERIDS AND DIATOMS FROM THE NAVIT-3 POOL, DEAD SEA AREA
Raab M., Perelis-Grossovicz L., Almogi-Labin A., Ehrlich A., and Dalman N.
Geological Survey of Israel, 30 Malkhe Yisrael St, Jerusalem, 95501

The Navit pools comprise four, W-E trending, abandoned gravel quarries dug
some 20 years ago and filled with time with water. They are located in 'Emeq
Zohar, along the northern flanks of Mt. Sedom, and are bordered to the south
by Lisan Fm sediments, and to the north by younger fluviatile sediments, which
apparently also separate between them. As far as can be observed surficially,
the pools are fed by seepages from the Lisan rocks, but penetration of bottom
seepages and surface seasonal fresh water cannot be excluded. The biota,
substrate and waters of the pools were sampled in the summer and fall of 1989.

Unexpectedly, among the low-diversified fauna (fish, gastropods and
ostracods, among others), living foraminiferids were found in the Navit-3 pool.
This pool is about 150m long, 30m wide and up to 2m deep. Its mean salinity
(TDS) in summer was 50,000 mg/l, ranging from ca 47,500 in the western part to
ca 52,200 mg/l at its eastern exit. This salinity is approximately 1.4x that
of mean ocean waters (MOW), which is around 36,000 mg/l, and the waters have a
considerably different chemical composition. The mean chemical composition is
as follows (in mg/l): Na-12,000 (="MOW); K-800 (~2x MOW); Ca-3,000 (~7x MOW);
Mg-2,600 (~2xMOW); C1-29,000 (~1.5x MOW); SO4-3,100 (~1.1x MOW); HCO3-140
(="MOW). The salinity of the fall waters rose to about 56,000 mg/l (ca 1.65x
MOW). This salinity as well as the chemical composition of the waters were
almost uniform throughout the pool. The water temperatures were 30-37°C in the
summer, and 24-279C in the autumn. The bottom of the pool is muddy, with a
thick euxinic upper layer of black mud. Algal mats (Cyanobacteria) develop in
the shallow parts of the pool.

The foraminiferids constitute a monospecific population of Ammonia
beccarii (Linne) , which thrive in different shallow niches, especially in the
algal mats. The whole sequence of life-stages from juveniles to adults was
found in the 1living assemblage. They include also aberrant specimens with
abnormal early stages of growth, and adults with deformed features. The same
assemblage was found also in the sediments of a shallow core taken in this
pool. Occurrences of Recent inland A. beccarii in the world are very few,
especially those in locations permanently disconnected from the sea.

Twenty species of euryhaline, benthonic diatoms, some of them as yet
unknown from other places in Israel, were found in the Navit-3 pool. However,
their diversity in the various niches of the pool is very low. Some of the
species, e.g., Campylostilus normanni (common in the Bardawil Lagoon), Amphora
arcus, Mastogloia aquilegiae, and Navicula pseudocrassirostris, are usually
regarded as marine.

The occurrences of fossil A. beccarii was reported from Plio-Pleistocene
sediments in the Jordan Valley. These were thought to indicate a connection to
the sea. The existence of a living A. beccarii in the Navit-3 pool suggests
that this conclusion should be carefully rechecked.
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ASSESSMENT OF THE SEISMIC VELOCITY STRUCTURE IN THE DEAD SEA
USING P-WAVE ARRIVALS OF LOCAL EARTHQUAKES

Rabinowitz, N. and Steinberg, J.
The Institute for Petroleum Research and Geophysics, P.0. Box 2286, Holon

The velocity structure in the Dead Sea region is estimated using
simultaneous inversion of about 100 P-wave arrival times of local events.
These events were recorded by the portable seismographic network deployed in
the area during the last couple of years. Despite the relatively large error
range resulting from the lack of station coverage on the eastern side of the
Dead Sea, some interesting structures can be identified especially in the
depth range of 10-25 kms.
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A NEW OUTLOOK ON THE HYDROGEOLOGICAL MODEL OF MT.GILBOA
Rosenthal, E.' and Braun, M.2

"Hydrological Service, Research Div., POB 6381 Jerusalem,
91063 Israel
2Geoprospect-1986, POB 3720 Jerusalem, 91036 Israel

Detailed geological mapping and drilling of 4 new

boreholes in the Bet Alfa-Har Gefet area (eastern Gilboa)
revealed the following new hydrogeological information:
The top of the Mt.Scopus aquiclude dips in the study area to
W-SW and rises to N-NE forming there the margins of the
Samaria syncline. The lower part of the Avedat sequence is
built of tight and non-permeable carbonates.The phreatic
groundwater-table dips S-SW, i.e. contrarily to the trend
envisaged by the hitherto accepted hydrogeological model. It
representes a locally replenished, small, perched groundwater
body flowing through thin, non-aquiferous strata. Repeated
pumping tests gave very poor results and confirmed the
extremely 1low transmissivities of the surrounding rock-
medium. Salinization follows a trend which is identical to
that of the hydraulic gradient.

In the study area there are no suitable conditions and
no regional groundwater flow is possible in the Avedat
aquifer. Moreover, subsurface evidence reveals the existance
of a structural boundary separating between the well-fields
of Bet Alfa and Shogeq. It appears that in this part of “the
Samaria syncline, groundwater flow in the Avedat aquifer is
toward the deep trough extending beneath the Jenin-Ta'anakh
area. The existance of this trough was confirmed both by
stratigraphic and geophysical evidence.

It is suggested that groundwater exploited in the Bet
Alfa and Shogegq wells originates in the Judea aquifer of
central and eastern Gilboa. This new evidence changes
radically the hitherto accepted hydrogeological model of the

Samaria multi-aquifer system and implies its reevaluation.
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STRUCTURE AND EVOLUTION OF THE KINAROT BASIN DURING THE QUATERNARY
Rotstein, Y.l, Bartov, Y.z, Frieslander, u.1

1The Institute for Petroleum Research and Geophysics, Holon
Geological Survey of Israel, Jerusalem

Following earlier seismic reflection surveys which preceded the
Zemah 1 well, we conducted a high resolution seismic reflection survey
in the Kinarot Basin. Together these surveys facilitate a detailed
study of the structure and Quaternary evolution. In the new data two
compressional structures are apparent on either side of the basin: the
Zemah and Ubadieh anticlines and between them a syncline which served
as the 1local depocenter during the Quaternary appears. The two
anticlines appear to be associated with two separate segments of the
transform on the eastern and western flanks of the basin. The
initiation of compression which led to the formation of the local
anticlines postdated with Cover Basalt. Changes in the sedimentation
rate which were observed in the Zemah 1 well, can now be reinterpreted
as an expression of the compressional tectonic event. The initiation
of compression on the Ubadieh structure most probably occurred later
than on the Zemah Anticline. During the compressional event, the two
anticlines appeared as distinct morphological structures and the Zemah
Anticline was considerably eroded. In the new data, the near surface
reflectors appear to be flat, indicating that the tectonic regime
changed recently from compression to the extension and subsidence
which formed the present morphology. We suggest that the changes in
the local tectonic regime were associated with changes in the Tocation
and trend of the main faults in the area. During the Quaternary and
until recently, a segment of the transform extended along the Zemah
Anticline, crossing the Kinarot Basin with a trend of about 27CE.
This trend resulted in a compressional component in addition to the
main component of strike slip motion on the transform. Evidence of
this major fault, which is presently inactive, is found in the seismic
sections. The fault pattern in the area has recently changed to the
present geometry in which the transform segment, extending from the
south, lies along the eastern margin of the basin. We speculate that
the structure found in the Kinarot Basin extends into Lake Kinneret
and that additional seismic reflection work in the Take will show the
presence of a syncline in the subsurface.
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ACTIVE COMPRESSIONAL TECTONICS IN THE JERICHO AREA, DEAD SEA RIFT
Rotstein, Y.l, Bartov, Y.2, Hofstetter, A.1

! The Institute for Petroleum Research and Geophysics, Holon
Israel Geological Survey, Jerualem

The results of several seismic reflection surveys in the Jericho area,
north of the Dead Sea, are described and the data is used to analyze the
structure of this part of the Dead Sea Rift. We describe in particular the
structure of the Dead Sea Transform which, in this area, is a zone of
intense deformation rather than a distinct fault plane. The transform has a
westerly dip, away from the rift, suggesting that it may have a reverse
faulting component. Associated with the transform are several folds, of
which the best documented is the Kalia Monocline, immediately north of the
Dead Sea. The Kalia Monocline lies along the transform and appears to be a
young structure associated with it, indicating that this part of the plate
boundary is characterized by local compression. The southerly extent of the
Kalia Monocline is not clear at present, but the available data suggest that
the compressional field also characterizes the northwestern part of the Dead
Sea Basin. Two other folds appear north of the Kalia Monocline and seem to
be similar to it; they are also, most probably, the result of recent
compression along the transform. A number of source mechanisms of small
earthquakes in this area are computed and several of them show thrusting,
suggesting that local compression is still active.
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OXYGEN ISOTOPIC COMPOSITION OF FORAMINIFERAL SPAR-FILLED CALCITE:
AN ALTERNATIVE APPROACH

Sass E.*, Bein A.2 and Almogi-Labin A.2

iInstitute of Earth Sciences, The Hebrew University,
Jerusalem 91904.
2Geological Survey of Israel, Jerusalem 95501.

In a study of subsurface Upper Cretaceous o0il shales in
southern Israel, it was observed that well preserved benthonic
foraminifera constitute the main identifiable fossils. Part of
them are empty, while some are filled with sparry calcite. The
skeletal calcite and the sparry calcite were separated and
subjected to isotopic analysis. The isotopic results indicate
that the diagenetic calcite (3*3C, 0 to -10%.; 3%*°0, -2 to -9.5%;)
differs significantly from the biogenic one (3*3C, 1.6 to -2%.;
3290, -1 to -3%.). .

This seems to signal a major inconsistency, as follows. The
313C of the diagenetic calcite suggests that it formed in the
sulfate reduction zone, which implies a very shallow burial depth.
Under these conditions, the 3*°0 range of these calcites should
have been practically identical to that of the shells of the
bottom-dwelling organisms, whose 3*°0 values suggest a temperature
range of 17-25°C. The observrd low 3%*°0 values of the diagenetic
calcite disagree with these temperatures. Such discrepancies are
commonly ascribed to recrystallization of the calcite under
elevated temperatures and/or meteoric water, with attendant
resetting of its 3*°0 signature. The local geological setting is
incompatible, however, with either fresh water or elevated
temperatures. This argument, combined with petrographic
considerations, leads us to reject the recrystallization
mechanism.

We argue, instead, that the light oxygen compositions of the
diagenetic calcite reflect a depletion of the porewater in 90,
with no change of salinity. The proposed model is based on the
bacterially mediated oxidation reaction of organic matter by
sulfate ions, and the concomitant production of bicarbonate and
precipitation of solid carbonate. It can be shown that, given
certain conditions, the amount of oxygen in the bicarbonate
reservoir would be similar to that of the porewater reservoir.
Under these conditions, it is anticipated that the egquilibrium
fractionation between these two reservoirs would result in a
significant lowering of the 3290 in the water as well as in the
precipitating calcite.
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ARCHAEOMETALLURGY: ANCIENT METAL INDUSTRY AND PRODACTS.
Shalev S.

Institute of Archaeology, Tel Aviv University, Ramat Aviv 69978 Tel
Aviv, P.0.B. 39040, Tel. 5459427 / 417 / 703.

An interdisciplinarian research on the role of technology in ancient
society is being conducted in the analytical 1laboratory of the
Institute of Archaeology, Tel Aviv University with the collaboration of
the Department of Metallurgy, University of Oxford.

The research system is based wupon combining typological,
chronological and regional data with the technological aspects. The
technological data is established by metallurgical and metallographical
analyses conducted mainly with optical and electronical microscopy,
atomic absorption spectroscopy, hardness tests and X ray - gamma ray
radiography.

I would like to demonstrate the method of reaserch, its basic
questions and results, using two cases from the beginning of metallurgy
in our region during the 4th Millenium B.C.:

1. In a cave in Nahal Kanah, within burial gifts <from the
Chalcolithic Period, 8 rings made of gold and electrum making the total
weight of circ. 1 kg, were found. This is a unique find without any
known parallels. Therefore, the only information available is <focused
on its technological aspects. Analysing the rings surfaces (composition
and structure) and calculating their density revealed gold with up to
30% silver and surface enrichment of gold. Analysis in AAS confirmed
these results. The SEM chemical and metallographical analyses enable us
to reconstruct the manufacturing process through which we could tackle
the questions of why and for whom were these items made. The question
of the gold origin, on the other hand, remains open.

2. Many copper-based items were found in Chalcolithic sites in the
southern part of Israel and in the Nahal Mishmar hoard. Their complex
shapes and decorations as well as their controlled distribution reflect
their use as prestige/cult objects. According to the metallurgical and
metallographical analyses these items were cast in the "lost wax"
technique from copper with antimony and arsenic as well as impurities
of nickel, silver and bismuth. It seems that a complex ore or an
addition of 5b-As mineral were used during the smelting process. The
archaeological and the petrographical evidences are all in favor of a
local origin for these objects in southrn Israel - Trans Jordan. On the
other hand, the nearest known origin of a suitable ore or mineral for
their production is, to date, hundreds of kilometers from the
Chalcolithic sites of southern Israel.
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DETECTION AND LOCATION PERFORMANCE OF THE ISRAEL SEISMIC NETWORK
Shapira, A.

Seismological Division, The Institute for Petroleum Research and Geophysics,
Holon

The ISSN (Israel Seismograph Station Network) was established in 1980.
Since 1984, seismic information has been acquired using computerized data
acquisition and processing systems. Recently, the amount of seismic data
accumulated has facilitated a close examination of the detection and
location capabilities of the ISSN as regards microearthquakes. The analysis
is based on an assessment of the apparent probability of an earthquake being
detected by each of the ISSN stations as a function of its distance from the
known epicenter and magnitude M. The analysis results in a set of maps
showing the areas of equal probability for detection and location of
earthquakes of magnitude equal to or higher than a prescribed level. It
seems that there is a 95% probability that microearthquakes of M22.0 within
Israel will be detected by at least four stations.

We do not know for certain whether our data base includes all events of M
which have occurred within the equal probability areas. However, in some
cases, as in the case of the 95% probability for M22.0, the frequency-
magnitude relationship indicates that the data base used for this analysis
is complete.
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EVALUATION OF CREDIBLE SEISMIC DATA USING OPTIMAL SEISMIC FIELD PARAMETERS
Shavit, D. and Frieslander, U.
The Institute for Petroleum Research and Geophysics, Holon

This work comprises a set of seismic line location maps from the coastal
plain and lowlands. The criterion for inclusion of the seismic lines in the
various maps was the correlation of seismic field parameters to credible
seismic data obtained from the deep sedimentary section, i.e. the Jurassic-
Paleozoic geological section which could be a target for oil exploration.

The results of field parameter optimization tests show that reflection
data obtained from deep sedimentary basins depend on the following
parameters: geophone cable length, multiplicity, frequency spectrum of the
seismic source and the source/receiver array. In order to obtain seismic
reflections from deep sedimentary basins the optimum cable length is 6,000m,
with a minimum length of 3,000m, multiplicity should be at least
25 traces (the denser the coverage, the higher the quality of the data
obtained), the frequency spectrum bandpass generated and recorded should be
as wide as possible and include low frequencies. The use of a 100m station
array will suppress source generated noise and increase the signal-to-noise
ratio.

The seismic lines recorded in the studied area were examined and those
with inappropriate paramaters were removed from the data base and relevant
maps. This was carried out in several stages. After each stage, a map of the
remaining seismic line data was plotted. The final map, after removal of
inappropriate lines, facilitates evaluation of credible seismic information
and location of areas where more field profiling will be required in order
to increase the amount of credible seismic data for oil exploration.
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"THE OTHER ORIGIN" FOR NITRATES AND SULPHATES
OF THE NAHAL ZIN REGION

Shiloni, Y.

Geological Survey of Israel, Jerusalem

The intensive chloride, nitrate and sulphate contamination
of the Aqrabim and 2in springs 1is related to the phosphate
exploitation activity of the 2in Plant. It was suggested
(Rosenthal et al., 1987) that the origin for these components is
exogenous: infiltration of nitrates which were released from O.M.
(organic matter) of subrecent soils into the porous phosphatic
rocks together with chlorides and sulphates of rainfall.

The outcrops of phosphates and accompanying rocks were
checked in various areas of the Negev for their soluble salt
content. The results point to an alternate possibility' i.e.,
that the vast occurrence of nitrates and sulphates in the Nahal
Zin samples represent a process of continuous subrecent-recent
oxidation of bituminous rocks containing fossil O.M. from
Campanian. to Maastrichtian age. The organic matter content of
these rocks 1s about 2%-N and 7%-S, and the oxidizing process
follows the gradual exposure of the rocks by erosion.

The relevant section is composed of ~50 m of Ghareb Fm.
rocks (~15% O.M.) and 50 m of the "Phosphatic Series" Mbr. of the
Mishash Fm. (~10% O.M.). Complete oxidation of such a section (a
total theoretical situation) would release 2.5 tons NO3; per m=2,
three orders of magnitude more than the above mentioned proposed
exogenic contribution. Oxidation will also release some 6 tons
S04 per m2? and suych a process could be shown in the bituminous
outcrop of Hor Hahar (and elsewhere) where submicroscopic gypsum
forms a thin film in cracks; through secondary recrystallization
it is replaced by coarse «crystallized gypsum in veins which
criss-cross the entire oxidized complex.

The fact that the caliche of soluble-mobile salts which
generally concentrate only in extreme desert conditions (e.g.
Atacama Desert in Chile), were identified in the Negev outcrops
where relatively good flushing conditions exist, is explained by
a steady ongoing process supplying chemical components which
normally tend to be flushed from the section. The salt crust on
outcrops expresses secondary enrichment by capillar migration,
and in the end is one stage of the recycling and release of the
soluble salts from the original rock due to oxidation.

Enrichment of soluble salts (and even of mobile trace
elements such as wuranium) in the Agrabim and Zin springs is an
example of active remobilization of chemical components released
partly by industrial process and may be in part a result of
particular effective oxidation occurring in the storage pools of
flushing waters and slimes of the Zin Plant.
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THE ANATOMY OF A DIATREME
Shimron, A.E.
Geological Survey of Israel, Jerusalem

A diatreme is a funnel-shaped, magmatic gas explosion pipe.
On the Hermon Range a number of diatreme-like breccia bodies
occur about 15 Km east of the East Africa-Dead Sea Rift system.
Together with other magmatic bodies diatreme intrusion took place
into Middle to Late Jurassic limestones, metasomatic dolostones,
marls and shales and was controlled by Mesozoic tectonics whereby
most of the bodies were channelled along NNE-SSW and E-W trending
faults and fractures. The diatremes are radially clustered around
the periphery of the Guvta Eruptive in the vicinity of the set-
tlement of Newe Ativ, where they comprise the culminating phase
of the ca. 135-110 Ma Nimrod Magmatic Cycle. Most of the diat-
remes are small, up to 200 m in diameter, but the Guvta Breccia
body is up to 500 m broad and more then 2 km along its long axis.

The Hermon diatremes are complex multiphase intrusions with
individual small magmatic clusters comprised of dykes and pipes
which are oval in plan and with steep, often brecciated, tuffisi-
tic contacts against their hosts. The rocks in the pipes range
from massive pyroxene+/-olivine phyric basalt to polymict -volca-
niclastic breccias choked with subrounded to rounded xenoliths.
The basalts are low MgO high Na20 alkali basalts carrying mega-
crysts of plagioclase (An43Ab54KF3 to AnS50Ab4T7KF3), clinopyroxene
(WotEn:Fs=.264:.619:.118 to Wo:En:Fs=.444:348:.208) and Kaersu-
tite (6.4-6.9 wtZ TiO2, 10.9-%.7 wtZ CaO and 2.1-2.3 wt/ Na2O0),
chromian picro-ilmenite (4% MgO, 2% Cr203 and 3.8%4 Al203) and
xenoliths from the lower crust with 2-pyroxene spinel gabbro and
corona-bearing gabbro (pyroxene granulite ?) ubiquitous. The bre-
ccias contain xenoliths comprising (from most to least common)
glassy to porphyritic and spherulitic basalts, trachybasalt and
trachyandesite, spinel gabbro, pyroxenite, monchuigite and many
unknown glassy clasts., Garnet lherzolite may be present but is
not yet confirmed. The matrix is fine to coarse crystalline
carbonate with broken crystals and megacrysts of olivine, serpen-
tine, glass, pyroxene, Kaersutite, opaques, plagioclase, spinel,
chromite, zeolites and unknown isotropic fragments. In heavy
mineral concentrates zincian, copper-bearing and chrome spinels,
chromite, chromian diopside and magnesioferrite were found in
abundance. Opaque minerals, in traces, include pyrite, chalcopy-
rite, molybdenite, sphalerite, galena and Cu-Ni sulphides.

Similar to the Syrian diatremes, the magma in the Hermon
pipes was not Kimberlite or lamproite but closer to alkali basait
and basanite in chemical composition. Although mantle nodules are
probably present, the majority are gabbroic suggesting sampling
of the base of the crust, and an older volcanogenic protolith, by
the diatremes. It is noted, however, that on Cr versus Mg plots
the ilmenites from some.breccias fall within the Kimberlite
field. The data above imply the mixing of deep and high-level
crystal and magma sources during explosive emplacement of the
diatreme pipes.
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RAW MATERIALS USED IN POTTERY AT TEL HADAR
Shoval S.!'3, Beck P.2, Kirsh Y.', Yadin E.2, Dekel E.', Levy D.’

1 Geological and Physics Group, The Open University of Israel,
Ramat-Aviv

2 Institute of Archaeology, Tel-Aviv University, Ramat-Aviv

3 Geological Survey of Israel, Jerusalem

The possible sources for raw materials used in ancient
pottery are: a. clay or marl sediments; b. noncalcareous or
calcareous clay soils and alluvium. Each source has its own
caracteristics which help its identification:

- Pottery made from clay sediments or marls may contain tempers
(grains) from another source. The tempers were added by the
potters to the clay sediment raw materials since in most cases
they lack sand grains.

- Pottery made from clay soils that formed in-situ wusually
contain one type of badly sorted rock fragments identical to
the parent rock.

- Pottery made from clay alluvium usually contains various types
of grains from its different sources.

Petrography and mineralogy examination of Iron Age pottery
from Tel Hadar (eastern shore of the Kinneret) indicates that for
"pottery for daily use" the potters preferred raw materials from
calcareous clay soils and alluvium. It seems that the pottery
sherds examined have been made from the raw materials: alluvium
from Vadi Samak (near Tel Hadar); Basaltic Soil from the Golan
Height; Terra-Rossa soil and Calcareous Clay Sediment from Hordos
formation.

Soils as raw material were preferred probably because:

- Soils are found near the site, there is no need for bringing
the material from far away or for digging them.

- Pottery made from soils in which the clay is badly crystallized
may be fired at lower temperatures, compared to pottery made
from sediments in which the clay is better crystallized. Raw
materials fired at law temperature were preferred. Those
pottery that were examined had been heated by the potters at
700°-800°C.
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MINERAL CHEMICAL STUDIES OF THE IGNEOUS ROCKS OF NORTHERN HAR
TIMNA: EVIDENCE FOR MAGMATIC DIFFERENTIATION

Shpitzer M.'-= Matthews A.! Beyth M.= Szafranek D.:?

1. Department of Geology, The Hebrew University.
2. Geological Survey of Israel

The igneous rocks of Har Timna are exposed along the northern
margin of the Arabo-Nubian massif and constitute the final episode
of the Pan-African event in this region. The rocks are mainly
intrusives ranging in composition. from olivine gabbro-norite to
alkali granite and are cut by swarms of acid and basic to
intermediate dykes.

Field relations define a genetic history from older to younger:
basic/ultrabasic, intermediate, calc-alkaline granite, alkali
granite, alkali rhyolite dykes, quartz monzodiorite, basic to
intermediate dykes.

Electron microprobe studies of the principal minerals of the
igneous rocks of northern Har Timna reveal a number of significant

trends. Particularly amphiboles show mineral chemistry
compositional variations which are representative of the
crystallization history. Silica contents decrease as the rocks

become more basic, except for diorites which have silica contents
similar to those of the gabbros. Na+K contents show a continuous
decrease with degree of acidity of rock type. Correspondingly,
the alumina compositions and the Mg/Fe ratios show a gradual
increase. These trends are considered to be indicative of
progressive differentiation occurring during the crystallization
of the basic and intermediate rocks. Ca behaves conservatively.

Mg/Fe ratios of biotites show systematic changes with rock
type: more basic types being enriched in Fe relative to Mg. Cr-
magnetite is the main ore mineral of basic rocks, but as rocks
become intermediate to acidic in composition, the Cr/Fe ratio
gradually decreases until chrome-free magnetite occurs in the
granites. The cores of .the plagioclase crystals in the gabbros
have anorthite contents of An 60-65, which decrease gradually to
An 10-15 in the calc-alkaline granite. In the alkaline granites
there are two compositional groups of plagioclase, one oligoclase
(An 10-15), the second albite (An2-8).

The gradual changes observed in the mineral chemistry of the
basic and intermediate rocks support field observations indicating
that magmatic differentiation from gabbro to monzonite composition
occurred by progressive differentiation in a single chamber.
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SILICA/PHOSPHATE NODULES 1IN THE HAR PERES  (GOLAN  HEIGHTS)
PYROCLASTICS :

A. Singerl, A. Si]berl, D. Szafranek2
;Hebrew University of Jerusalem, Faculty of Agriculture
Hebrew University of Jerusalem, Department of Geology

Whitish nodules, of diameters varying between a few to 40 cm,
that occur in the Har Peres pyroclastics, were examined in detail
by XRD, XRF and electron probe. The nodules are particularly
common in the Upper Mixed Unit, but occur also in the upper parts
of the Middle Black Unit, close to the boundary with the
overlying, highly weathered Upper Mixed Unit. Some nodules were
also observed in the Lower Red Lapilli Unit and in similar units
of some other volcanic cones.

The nodules are composed primarily of Si0 and Ca
phosphates, but contain also minor amounts of Al and M. The only
mineral phases identified are hydroxyapatite and e-tridymite. In
one nodule cristobalite and quartz too were identified. Some
nodules contain both phases, some only one of them and in others
no crystalline phases were identified. In these latter nodules,
silica and phosphate obviously are amorphous. Electron probe
examinations showed that apatite is microcrystalline (<2u) and has
an euhedral, needle-shaped morphology. The needles appear to be
growing out of a substrate that consists of larger tridymite
crystalline aggregates.

Tridymite 1is metastable at normal temperatures and its
formation is commonly associated with high temperatures and vadose
emanations during or following volcanic activity associated with
acidic rocks. In the present case it 1is proposed to explain
tridymite formation by exogenic processes resulting from the
weathering of the pyroclastics. Quartz and cristobalite also
identified, suggest that the tridymite is metastable and in the
process of turning into more stable Si0, forms. Apatite also
formed authigenically, precipitating frgm solutions draining the
weathering pyroclastics, on templating surfaces provided by the
tridymite, that has a similar crystal habit. This explanation for
the origin of the two minerals is supported by field relations, as
well as the solution chemistry in equilibrium with the weathering
of basic pyroclastics.
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PSETROLOGY OF DIKE/INMAR SANDSTONE CONTACT ZONES, MAKHTESH RAMON,
ISRAEL.

Summer, N.1,2, Kolodny, Y.! and Ayalon, A2,

1 Hebrew University of Jerusalem
2 Geological Survey of Israel

Narrow contact zones are found adjacent to dikes which have penetrated the sandstones
of the Inmar Formation. Petrological study of samples taken at 0, 10, 40 and 100 cm intervals
away from contacts, from quartzite prisms, and unaltered Inmar sandstones, show a number of
textural and mineralogic trends. Close to contacts, sutured and fractured quartz grains
predominate and porosity is low. Away from the contact, suturing decreases and porosity and
interstitial kaolinite increase. There is no quartz cementation but quartz overgrowths are apparent
in more distant samples. Interstitial spaces are filled with a variety of clays predominantly
kaolinite, with minor illite, carbonate and alunite. Complete alteration of nearby dikes and
kaolinitisation of the quartz grains appear to be related to a later diagenetic event. During this
event dissolution and kaolinitisation of quartz occurred along the earlier induced fractures. The
alumina required for the formation of kaolipite probably was released during the alteration of the
dike. In conclusion the contact zones result from the actual physical intrusion of the dike into the
unlithified sandstones of the Inmar Formation and thus constitute an example of sintering in
nature.



81

FAULT GEOMETRY AND SPATIAL CLUSTERING OF MICROEARTHQUAKES ALONG
THE DEAD SEA - JORDAN RIFT FAULT ZONE

van-Eck, T.1 and Hofstetter, A.2

! Dept. of Theoretical Geophysics, University of Utrecht, The Netherlands
The Institute for Petroleum Research and Geophysics, Holon

Earthquakes (1.0sML<5.3) in the region around the Dead Sea-Jordan rift
fault zone, recorded by the Israel Seismograph Station Network (ISSN) during
the period from 1982 until the end of 1989, have been analyzed and
interpreted. The seismicity pattern clearly reveals activity along three
major fault zones: the Dead Sea-Jordan rift, the Carmel-Fara and the Central
Sinai/Negev fault zone.

On the Dead Sea-Jordan rift fault zone, microearthquakes tend to cluster
in or near tensional features like rhomb-shaped grabens such as the Hula,
the Sea of Galilee and the Dead Sea depressions. These earthquake clusters
facilitate accurate relative locations of events within a cluster, providing
additional fault plane information.

Focal mechanisms of a large number of individual earthquakes and
earthquake clusters have been derived. The seismicity pattern and the focal
mechanism solutions near the branching of the Carmel-Fara and the Dead
Sea-Jordan rift fault zones suggest a complicated tectonic break up of this
region. In the Arava we find indications of a more complex pattern of faults
than has previously been assumed.
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MEDITERRANEAN - DEAD SEA CANAL PROJECT: REVIEW OF PROPOSALS
Vardi, J.
12 Shamir Street, Tel Aviv

A comprehensive bibliography was prepared on the subject of the Mediterranean - Dead Sea
canal, including some 300 items and going back to 1853 (V. Arad & M. Beyth, Geological
Survey of Israel).

The idea of connecting the Mediterranean and the Red Sea by way of the Dead Sea Rift, as a
navigable link along a shortened route to India, was first voiced by Phillips (1853).
Similar plans were proposed both before construction of the Suez Canal (Allen 1853) and
after (Blondet 1869, Gordon 1883). The idea was to flood the Rift Valley up to global sea
level through a connecting canal in the southern Arava and a longer, cross-country canal
through the Valley of Yizre’el. Local Jewish circles strongly objected to the flooding of
large tracts of arable land, but the plans were eventually abandoned for technical and
political reasons.

From the 1890’s onward, the Zionist movement examined many proposals for the development of
Palestine, which included hydroelectric projects based on a seawater canal or tunnel from
the Mediterranean to the Rift Valley. The hydroelectric drop would amount to appr. 200 m
to 400 m, depending whether the canal or pipeline would terminate at Lake Kinneret or at the
Dead Sea. Most of these plans included also the horizontal diversion of the Jordan River
south of Lake Kinneret, to feed irrigation channels on one or both sides of the Jordan
valley. many of these plans were submitted by engineers or industrialists (Kremenezky 1896,
Eshelman 1897, Bourcart 1899-1901, Hiorth 1912, Gandillon 1925) who proposed the plan but
not the means. Nor did the Zionist Movement at any time possess the financial means to
carry out even part of these projects. '

As soon as the government of Palestine had passed from Turkish to British hands (1918),
concessions were applied for to produce hydroelectric power by means of a Mediterranean -
Dead Sea canal (Bicknell 1918, Hanssen et co. 1919, Weber 1918, Stevens 1920). None of the
applicants were eventually able to back up their plans (the one to stand out was Rutenberg’s
modest Yarmuq-Jordan enterprise). Lowdermilk’s comprehensive reclamation-irrigation scheme
(1944), which included a hydroelectric canal project, proposed to tap the northern Jordan as
Palestine’s chief irrigation source and to replace Jordan water by seawater in order to
maintain the Dead Sea level., The scheme was adopted as partial basis for 'Israel's
subsequent water planning, but the hydroelectric project was deferred. The idea of an
intermarine hydroelectric canal was repeatedly proposed in various forms, both before and
after establishment of the State, and often in combination with development of the Dead Sea
mineral industries (Blass 1944, Borucov 1945, Cytryn and Pietrkowski 1945, Feldschreiber
1948, Gur 1970, Peranio 1972, Vofsy 1975). One proposal (Batz 1966) presented an Elat -
Ashdod canal as an alternative seaway to the Suez canal.

In 1974 study of the muitiple proposals was taken up at government level, and their
feasibility - technical, economic, political - was examined. The final report of the
specially appointed Mediterranean - Dead Sea company (1984) found the hydroelectric project
feasible and recommendable for a canal + tunnel route passing south of Be'er Sheva (Qatif -
Ma'ale Ya'ir route). Besides minimal environmental hazard and positive ancillary benefits
(thalassoculture, seawater-using industries, tourism, Dead Sea level maintenance) the
project was found to yield positive net benefits in 74 out of 96 examined scenarios. A two-
stage construction plan, at total coast of $1547-$1793 million, was recommended, combining
the project with pumped storage. Controversy over the report, and the government's scale of
priorities, caused the project to be shelved in 1986.
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BORON ISOTOPE SYSTEMATICS IN FRACTIONAL EVAPORATION OF SEAWATER
Vengosh A.1:2, Raab M.3, Starinsky A.2, Kolodny Y.2, Chivas A. R.1, McCulloch M. T.1

1 Research School of Earth Sciences, The Australian National University,
G.P.O. Box 4, Canberra, ACT 2601, Australia.

2 Department of Geology, The Hebrew Universuty, Jerusalem, 91904.

3 Geological Survey of Israel, Jerusalem, 95501

The variations of 11B, elemental B, Br and Li in brines and co-precipitated salts were
examined during fractional evaporation of mediterranean seawater under laboratory
controlled conditions. B, Li and Br are considered in the literature as conservative elements
that accumulate in the liquid phase in evaporation. Analyses of Br, Li and B in the brines
yield different degrees of evaporation in late stages, while a degree of evaporation is
defined as the ratio of a conservative element in the brine to its content in seawater. The
degrees of evaporation calculated for boron (up to 113, by volume) are consistently higher
than those for lithium (up 100) and bromine (up to 94). In controlled experimental
evaporation, one can calculate the expected content of any element in each of the
evaporation stage, assuming that it accumulates conservatively in the brines. Hence, the
the "absolue” degree of evaporation can be estimated. From a degree of evaporation of
about 30 the measured Br, Li and B are lower than the expected concentrations and
therefore do not indicate the "true" degree of evaporation. The relative deficiency in boron
is associated with gradually increase in 811B from 39%. (seawater) to 56.3%. at calculated
degree of evaporation of 155. Applying Rayliegh distillation equations, the empirical
fractionation factor for the removal of 10B from the brines is estimated to 0.958. Preliminary
results show considerable amounts of B (43 ppm) and relative low 311B in the salts that
precipitated in the evaporation processes.

511B, B, Li and Br variations indicate that some fraction of these elements is taken by
salts that precipitate during late stages of evaporation of seawater.
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BORON ISOTOPS GEOCHEMISTRY AS A TRACER FOR THE EVOLUTION OF BRINES
FROM THE DEAD SEA (ISRAEL) AND ASSOCIATED HOT SPRINGS
Vengosh A.1.2, Starinsky A.2, Kolodny Y.2, Chivas A. R.1, McCulloch M. T.1

1 Research School of Earth Sciences, The Australian National University,
G.P.O. Box 4, Canberra, ACT 2601, Australia.
2 Department of Geology, The Hebrew University, Jerusalem, 91904.

A Boron isotope study combined with analyses of elemental boron, lithium and chlorine
has been carried out in brines and springs in the Dead Sea area:

samples 311B (%.) B (mg/Kg) B/Li (molar)
Dead Sea brines 55.7-57.4 37.0 - 431 20-22
hypersaline hot spring 52.2 -55.7 8.6 -30.9 22-28
(Hamme Yesha, Zohar and Mazor)

Ein Feshcha 37.7-40.6 04-07 -
David and Arugot Creeks 33.8-36.9 0.1-03 -

311B of the brines from the Dead Sea and the hypersaline hot springs are higher than
that of modern ocean water (811B=39%.). The boron content of these brines is also lower
than that of evaporated seawater, as normalized to lithium (B/Li in seawater = 14.5). The
high 811B and low B/Li ratios indicate preferential removal of 10B from the brines,
apparently by adsorption onto clay minerals. 81 1B and B of a Dead Sea brine, sampled
at Ein Feshcha Beach, lie on a mixing line between Ein Feshcha spring and the Dead
Sea. 811B of the hot springs however, are significantly lower than the mixing line, as
expected from their boron content. This indicates that the hot springs can not be a mixture
product of the Dead Sea with freshwater of the types of Ein Feshcha or David and Arugot
Creeks. We suggest that the Dead Sea brine has evolved from parent brines with similar
composition to the hot springs through evaporation, adsorption on clay minerals and
isotopic fractionation.
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MICROMORPHOLOGICAL ASPECTS OF PEDOGENIC GYPSUM IN SOILS
Wieder. M.
Department of Geography, Bar-Ilan University

The appereance oi various gypsum forms in thin sections
are related to their formation in different environmental
conditions. In Loessial Serozems in which water percolates
vertical and the leaching is limited, microscopically, gypsum
accumulates as single crystals and clusters of crystals of
lenticular shape. Surround the clusters reddish spots occur
as result of iocal carbonate dissolution associated with
increase of non-carbonate clay. Many thick grain cutans are
characteristic to these spots. In calcareous Serozens
developed on chalky soil material vetical water movement is
hindered and lateral water movement prevail. In these soils
well developed gypsic crusts occur. Microscopically various
gypsic forms occur as the result of several processes
involved as: direct precipitation, carbonate dissolution,
mecanical displacement and recrystallization. In those cases
that the gypsum accumulation form is microcrystalline, fine
mixture of gypsum crystals with clay minerals can be observed
similar as microcalcites are mixed with clay minerals within
pedogenic carbonates nodules in calcareous soil materials.
The gypsic crusts are associated with reddish layers wich
show a continuous partial dissclution of the fine carbonates.
Within the gypsic crusts the dissolution of the carbonates is
very strong and the material became red to dark red. In all
cases that the redness of the calcareous material is induced
by the occurence of gypsum in the microenvironment of the
soil, the dissolution seems to be enhanced by the competition
to colect Ca ions from the soil solution in order to built up
gypsum and calcite crystals. An ‘eventual relation of such
reddish soil materials to a wetter climate in the past should
be avoided.
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BIVARIATE METHODS FOR IDENTIFICATION AND DISCRIMINATION OF FLUVIAL
SANDSTONES FROM HATIRA FORMATION, NORTHERN NEGEV

Weinberger, G.

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

Samples collected from the fluvial sand of Hatira Formation in the
northern Negev have been analysed by various combinations of bivariate
plots employed for discrimination of environments. The statistical
parameters demonstrate fining upwards tendencies of mean, median and
coarsest one percentile grain size associated with concomitant
decrease of standard deviation values. Out of the seven bivariate
plots that were claimed in the 1literature to have successfully
discriminated between beach and river depositional environments and
processes, only the plot of Moiola and Weiser (1968) which employs mean
versus standard deviation has unfailingly identified the analysed sand
samples as river sands.

The bivariate plot of Friedman (1967) wusing a statistical
combination comprised of coarsest one percentile grain size versus
standard-deviation identified 75% of the samples as fluviatile, whereas
the percentage of samples identified as fluviatile on the remaining
bivariate textural plots® range from a low of 19% (Stewart, 1958;
skewness vs. median diameter) to a high of 43% (Stewart, 1958; standard
deviation vs. median grain diameter).

Sand samples collected from the channel floor paleodepositional
units of Hatira Formation consistently plot in the river discriminatory
field of every bivariate textural crossplot used in this study. Some
samples from the in-channel paleodepositional units of Hatira Formation
were identified as river sands - while others - as marine sediments.
Sands originating in the bar top and the overbank paleodepositional
units plotted primarily in the beach environmental discriminatory field
in most of the bivariate plots.

It 1is concluded that in the course of reconstruction and
interpretation of depositional environments and depositional processes,
textural plots are generally inadequate.
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GENETIC SUBDIVISION OF THE PERMO-TRIASSIC ROCK SUCCESSION IN HELEZ-
DEEP BOREHOLE

Weinberger, G.

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

The Permo-Triassic rock sequence of Helez-Deep borehole is
divided into three distinct facies:

Facies CH(5767-5440 m) nonconformably overlies volcanic rocks of
acidic origin and disconformably underlies alternating layers of

dolomite and micro-brecciated dolomites. This facies consists
primarily of polymictic carbonate rich grain supported clasts in a
matrix of argillaceous micrite. Facies CH, is lithostratigraphically

equivalent to the Or-Haner Conglomerate Member (Derin et al, 1979) and
to the Karmia Shale and polymictic conglomerate of Erez-Conglomerate
(Druckman and Kashai, 1981).

Facies BH(5440-5086 m) disconformably overlies the polymictic
clasts of Facies CH, and is conformably overlain by the limestones,
marl- stones and dolomitized mud layers of Facies AH. Facies BH, is
comprised of dolomite layers alternating with layers of micro-
brecciated dolomites of intraformational nature. This facies (BH) is
lithostratigraphically equivalent to the monomictic conglomerates of
Erez-Conglomerate (Druckman and Kashai, 1981) and to the subsequent
lower part of Saharonim-Mohilla(?) Formations rock equivalents (Derin
et al, 1979).

Facies AH(5086-4812 m) conformably overlies the alternating
dolomite and micro-brecciated dolomite layers of Facies BH, and

disconformably underlies the early-Liassic Mish’'hor Formation. This
facies is primarily composed of limestones, marlstones and of
subordinate dolomitized muds. Facies AH 1is 1lithostratigraphically

equivalent to the upper part of Saharonim-Mohilla(?) Formations rock
equivalents (Derin et al, 1979) and to the Mohilla Formation and the
lower and middle parts of Mish’'hor Formation (Druckman and Kashai,
1981).
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THE GA'ATON TRAVERTINE: SEDIMENTATION AND PALEOENVIRONMENT
Weinberger, G. and Kronfeld, J.

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

The Ga'aton travertine was deposited above what is today Nahal
Ga'aton. The Ga'aton stream is not at present depositing travertine
carbonates though during the Pleistocene approximately a dozen meters
of spring travertine intermixed with paleosoils, pebble trains and
stream gravels were laid down.

The carbonates themselves are generally friable and with abundant
clay. The more indurated travertines, especially near the present
Ga'aton spring outlet, while outwardly preserving the characteristic
travertine textures have been extensively recrystallized. This makes
absolute dating by the wuranium-series disequilibria techniques
unfeasible.

It appears that the Ga'aton travertine was deposited in relatively
freshwaters that were periodically dammed and then breached. Though
there generally is a paucity of microfauna, certain horizons do contain
fossils bones of large mammals. The Ga’'aton may represent a three
stage cycle of sedimentation with the basin shallowing up the section.
There appears to be an upper tufa travertine with algae and other flora
which facilitated CO7 degassing and carbonate deposition. Beneath this
is a layer richer in paleosoils and detritus and poor in plant remains.
The bottommost layer may represent an ostracode zone.
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THE GEOLOGY OF NORTH AND WESTERN NEGEV: POSSIBLE IMPLICATIONS ON
THE KURNUB AQUIFER

Weinberger, G.!, Rosenthal, E.2, Flexer, Al.

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

2Hydrological Service of Israel, Research Div., P.0.B. 6381,
Jerusalem 91063.

Four regional highs stand out on the base relief of the Kurnub
Group: Kohal high in the northeastern part of the area; Halal high at
the southwestern extremity of the studied region and the Kurnub-
Rekhmeh and Ramon highs at southeast. In view of the regional
structural and lithological evidence, the following flow model is
suggested for groundwater in the Kurnub aquifer:

1. The Kurnub aquifer plunges from the Kurnub, Ramon and Halal highs
toward three main depressions:

a. To the Dabbeshet-Kidod structural low and from there to the
Mezada area and the Dead Sea.

b. To the Sharsheret-Sedot Akiva basin and further northwards
beneath the coastal plain, through a regional strip
perpendicular to Pleshet and Nahal-Oz.

c. To the Shezaf, Sukkot-Julie structural depressions
and further westwards beneath the shelf.

2. Due to high percentage of argillaceous components, no favourable
flow conditions can be expected in the Nevatim-Betarim-Ziqlag area
which creates a lithological divide between the flow to the Dead Sea
outlet and the two other previously mentioned flow directions.

3. Within the Kurnub aquifer the 1lithological composition changes
gradually and is mainly characterized by carbonates replacing sands.
4. Displacement along the major regional faults creates openings

facilitating lateral flow of Kurnub paleowater into the Judea Group
aquifer: a) The vertical displacement along the reverse fault
delineating the northern margins of the Negev Highlands block creates
openings of 100-150 m facilitating in the Boger-Rekhmeh area passage
of fluids from the Arad into the Kurnub Group and from the latter,
into the Judea Group aquifer; b) In the Dabbeshet Horst, the vertical
displacement of faults facilitates major hydrological contact in the
areas of Nizzana-Qeren and Revivim-Ashalim; c¢) In the Judea Graben
lateral groundwater flow may occur along the major faults, especially
in the Haluza and Beer-Sheva areas.
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GEOPHYSICAL INVESTIGATIONS IN THE EL-WAD CAVE, MT. CARMEL, ISRAEL
Weinstein, M.l, Mart, Y.2 and Beck, A.3

! Zinman Institute of Archeology, University of Haifa, Mt. Carmel, Israel
National Institute of Oceanogrphy, IOLR, Haifa, Israel
The Institute for Petroleum Research and Geophysics, P.0. Box 2286, Holon

The El-Wad Cave is one of several which comprise the well known
archeological site at Mount Carmel. Several investigators excavated Upper
Paleolithic and Natufian layers capped by mixed and recent remains. The cave
is located in Cenomanian rudite reefal limestone and is the product of
karstic soluction processes.

The aim of the geophysical survey at the cave was to reconstruct the
subsurface topography and estimate the thickness of the archeological
layers. Several high resolution seismic profiles and their accurate
processing facilitated calculation of the unconsolidated fill thickness
within the cave and mapping of the bedrock surface.

The survey revealed a.series of karstic pits in several chambers within
the cave with good correlation between the dimensions of the chambers and
the thickness of the sedimentary fill. The deepest pit was found in the
inner part of the cave where the oldest archeological material could be
expected.
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EARLY CRETACEOUS MARINE INGRESSIONS IN THE NEGEV: NEW FINDINGS
Weissbrod, T., Gvirtzman, G., Lewy, %.
Geological Survey of Israel, Jerusalem

Previous studies on the Early Cretaceous ingressions in the
Negev noted several marine intercalations within the continental
lithofacies of the Hatira Formation:

Four intercalations were reported from the Makhtesh Gadol.
The 1lowest ("Brown Cuesta"), is of Lower Aptian age; the second
("Orange Cuesta") of Upper Aptian to Albian and the third and
fourth ("Yellow Cuesta") are of Albian age. In the Makhtesh Qatan
exposures only two Albian marine intercalations were found; these
were correlated with the second and fourth intercalations in the
Makhtesh Gadol. In Makhtesh Ramon only the upper (fourth) Albian
intercalation was observed.

The present study reveals that the lower marine
intercalation (Lower Aptian) occurs in fact in all three
makhteshim. In the Makhtesh Qatan it appears 1in the "Black
Cuesta" (interpreted formerly as lacustrine) and consists of
alternating sandy siltstone with c¢rustacean remains and their
burrows, and iron crusts with prints of marine mollusks
representing marginal sea environment.

A Lower Aptian marine intercalation was also now identified
below the basalt flows in Makhtesh Ramon. It is built of
carbonate-cemented =sandstone, siltstone, marl and sandy dolomite
with iron crusts and many fossils, among which are abundant
mollusks together with brachiopods, crustaceans, marine
vertebrate remains and fruits and seeds of continental
vegetation. In the eastern and northeastern parts of Makhtesh
Ramon the marine facies passes laterally to a continental facies
of lateritic paleosols containing numerous plants.

Among the fossils found 1in the lower intercalation of
Makhtesh Ramon is Protocardia judaica, which was formerly
reported from the lower intercalation in the Makhtesh Gadol and
is also known from the Lower Aptian of Lebanon and from a marine
transgression of the same age in southwest Egypt.

All ingressions (Aptian and Albian) change from marine to
continental facies toward the east, both within and between the
makhteshim.

The Aptian transgression 1is known from vast areas in the
northern margins of the Arabian and African platforms and is much
more extensive than the Albian ingressions.

The present findings from Makhtesh Ramon and the Makhtesh
Qatan and the finding of a marine ingression, probably of Aptian
age,in the upper part of the Amir Formation in the Elat area (see
Weissbrod and Sneh - Guide book of this meeting) confirms the
regional configuration, namely, that the peak of the Early
Cretaceous transgression occurred during the Aptian.

This transgression may already have begun in the Barremian
as indicated by fossils found in the first intercalation exposed
in northern Sinai. The radiogenic age of the overlying Ramon
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bagalt, ©~118 m.y., constitutes an wupper age limit for this
transgression.

Distribution of the Early Cretaceous marine ingressions
in southern Israel
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IRON MINERALIZATIONS IN THE ARAD AREA
Zohar, E., Gilat, A., Yoffe, 0. and Nathan, Y.
Geological Survey of Israel, Jerusalem

Several iron mineralizations occur on the western flanks of
the 2ohar anticline - the eastern border of the Arad phosphate
field. These were observed in five different stratigraphic
horizons:

1) In the Jurassic Dava Formation, in core samples of the Zohar 6
well. The host rock is a dolomitized 1limestone, the iron
minerals occur as hematite, goethite and pyrite. The samples are
in the vicinity of a monzonite-diorite intrusion of Early
Cretaceous age.

2) At the base of the Mishash Formation (Menuha-Mishash contact);
The host rock is a chalky phosphate rock, mixed with chert and
the mineralizations occurs mainly as veinlets. The mineralogy of
the iron 1is complex. Some is found as hydroxides (mainly
goethite) and oxides (hematite). A large number of iron
phosphate minerals have also been identified in this bed.

3) In the Chert member of the Mishash Formation, within the

brecciated chert. The iron mineralization occurs as ochre,
mainly goethite between the chert fragments.
4) At the Mishash-Ghareb unconformity. The mineralization in

this interval is the most widespread in the area (and in the
country). It 1is also the one which has the most varied
mineralogy, it occurs as massive iron oxide, hematite, together
with silica, as a variety of iron phosphates and also as sulfide
(pyrite). )

5) Within the Neogene Hazeva Formation. It forms a coating of
ochre (mainly goethite) on chert pebbles and quartz grains in one
specific pebble layer.

Trace element compositions show a number of correlations such
as As/Fe and similarities to other iron mineralizations. They
are also enriched in trace elements which are known to be
biologicaly controlled. The occurrence of five iron
mineralizations in such a close geographic proximity is puzzling,
even more so considering that the Mishash Formation is extremely
poor in iron. This points to an ultimate common origin for the
iron which might be hydrothermal.
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CALL FOR PAPERS

CRETACEOUS FIELD CONFERENCE, JERUSALEM, ISRAEL
September 5 - 15, 1990

Sponsored by:
International Geological Correlation Program
(IGCP)

Project 245 - Nonmarine Cretaceous Correlation
Project 262 - Tethyan Cretaceous Corrlation
Geological Survey of Israel (GSI)

Israel Geological Society (IGS)

SCIENTIFIC PROGRAM
DISCUSSIONS (9-11 SEPTEMBER, 1990)
CORRELATIONS IN THE CRETACEOQUS TETHYAN MARGIN OF
ARABIA AND AFRICA
*Advances in Cretaceous
stratiqgraphy
*Transgressive-regressive events
*Cyclic sedimentation
*Pelagic Cretaceous
*Transition from shelf edge to
continental slope
*Platform carbonates
*Interfingering of marine and
non-marine Cretaceous
*The terrestrial "Nubian" facies
*Anoxic events
*Chert-phosphorite-oil shale
association
*K/T boundary
*Volcanism and magmatism
*Sequence stratigraphy and
sea levels
*Economic aspects of phosphate
and oil shale deposits

*Source and reservolr rocks
and oil exploration

3-DAY FIELD TRIPS
1. Regional geology of Israel.
2., Cretaceous platform carbonates and reefs.
3. Lithostratigraphy of the Judea Group.

4. Lithostratigraphy and biofacies of the Judea
and Mount Scopus groups.

5. Interfingering of marine and non-marine
Cretaceous.

6. The association of phosphorite-chert-oil shale
and its economic aspects.

For further information please contact:
G. Gvirtzman, Geological Survey of 1Israel, 30
Malkhe Yisrael st., Jerusalem 95501, Israel.
Telex: 26362 ENERG IL, Fax: 972-2-381444
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