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Field Trip 6B:

THE INFLUENCES OF GEOLOGICAL SUBSTRATES
ON ECOLOGY: PLANTSAND SNAILS IN THE NEGEV
HIGHLANDS

David Ward

Ramon Science Center, Mizpe Ramon, Israel, and Mitrani Center for Desert Ecol-
ogy, Blaustein Institute for Desert Research, Ben Gurion University of the Negev,
Sede Boqger 84993, Israel

Geology is frequently considered to be the basis for environment. In the Negev desert
highlands, geology plays only a secondary role in determining the distribution of plants.
The factor that is most important in determining the distribution of plants is rainfall.
However, within any given rainfall zone, geology is the factor of primary importance
in determining plant distributions. The importance of geology is most striking on a
number of less common substrates, such as basalt and gypsum where species such as
Anabasis setifera and Capparis aegyptiaca become dominant. In wadi beds, stochastic
factors induced by the force of the winter floods are more important than substrate in
determining plant distributions. Floods can abruptly change the course of a wadi and
thereby cut off some plants from their water supply and provide others with more than
they are accustomed to. Such events can cause local increases in the abundance of
certain species such as Lycium shawi to the point that they become dominant members
of their plant communities. Because plants may influence the quality of their habitats,
either by changing the distribution and availability of soil nutrients and water or by
changing the light environment of plants growing under their canopies, stochastic events
can have long-term consequences independent of geology in communities of long-
lived plants. Such events can alter the ecology for tens or even hundreds of years.

The distribution of the snail, Trochoidea simulata, is determined largely by the avail-
ability of calcium carbonate (the basis of its shell) in the habitats it exists in. For exam-
ple, it is widespread on the limestone hillsides of the Negev highlands but is absent
from sand dunes and basalt outcrops. The appearance of different color morphs of this
species has long been considered enigmatic by ecologists. As one travels southwards
along the gradient of declining rainfall and increasing temperature in the Negev, the
ratio of white snails:brown snails decreases. This is enigmatic because brown snails
presumably get hotter in the summer than white snails, and yet are more abundant in



the hotter parts of the desert. Recent research has shown that the increase in the pro-
portion of brown snails southwards is due to the decreased available of calcium car-
bonate which affects the color of the shell and is not related to the temperature of the
environment. On dark substrates (e.g., desert patina) regardless of chemical constitu-
tion, the proportion of brown snails increases, presumably due to the selection by preda-
tors of white snails that are exposed on this dark background. Thus, geological substrate
may influence ecological interactions independent of the chemical or physical charac-
teristics of the substrate.
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Field Trip 7

THE ACID MAGMATIC BODIES ASSOCIATED WITH
VOLCANISM, HYDROTHERMALALTERATION AND
MINERALIZATION IN SOUTHERN MAKHTESH
RAMON

Itamar, A., Segev, A., Peltz, S.
Geological Survey of Israel, 30 Malkhe Yisrael Street, Jerusalem 95501, Israel.

Introduction

Among the three erosion cirques in the Negev, Ramon is the biggest (Fig. 1). Its most
prominent tectonic feature is the Ramon fault, bordering the southern part of the cirque,
the area of this excursion. Sedimentary units from the Triassic up to the Cenomanian
are exposed in the Ramon area, but its most prominent features are the magmatic ones,
including stocks, a laccolith, sills, dykes, necks and lava flows (Fig. 2). The magmatic
rocks are divided into two main groups: a) the basaltic rocks, which are spread through-
out the cirque; and b) the syenite-trachyte rocks, appearing in the south of Makhtesh
Ramon.

The last annual meeting of the Geological Society of Israel in Makhtesh Ramon was
held in 1987. At that meeting some of the features of the southern part of Makhtesh
Ramon were presented, among them the metallic mineralization within the Gavnunim
magmatic bodies and some breccia and contact metasomatic occurrences within and at
the contacts of the Shen Ramon magmatic body (Itamar and Baer, 1994). In addition to
these features the present excursion will relate to findings of geological, geochemical
and geophysical studies in the last 10 years.

Geological background

The well-exposed sequence of the syenite—trachyte rocks appears in two different ex-
posures in southern Makhtesh Ramon: a) the Gavnunim bodies in the east; and b) the
Shen Ramon body in the west (Fig. 3).

The age of the acid magmatic rocks was determined in a few studies. The first Rb-Sr
isochron obtained for 7 samples from Gavnunim and Shen Ramon yielded an age of
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Fig 1. Location map.

107+4 Ma (Starinsky et al., 1980), which was later interpreted as representing a
hydrothermal activity. Later, a 4 point Rb-Sr isochron for Gavnunim rock yielded an
age of 124+13 Ma and a 4 point isochron from Har Arif yielded an age of 123+9 Ma
(Lang et al., 1988), both interpreted as crystallization ages. “°Ar/*°Ar age for the main
quartz-syenite body in Gavnunim yielded a plateau age of 122.5+1.3 Ma (Lang and
Steinitz, 1994) and a conventional K—Ar isochron for six adularia separates from me-
tallic veins cutting the Gavnunim body (Itamar and Steinitz, 1988) yielded 125+ 2
Ma. All these age determinations point to the time interval of 122.5-125 Ma for the
emplacement of the acid magmatic bodies and the associated metallic veins.
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Fig. 3. Location of field trip stations.

The Gavnunim body

There are five exposures of magmatic rocks in the Gavnunim area, which were inves-
tigated over a long period. Bentor (1952), Mazor (1955) and Zak (1968) suggested that
these are shallow bosses, with extensions as sills, having syenitic to bostonitic compo-
sition. Based on drillhole data, Baer et. al., (1986) suggested that except for one sill,
most of the bodies are connected in the subsurface, comprising a homogenous intru-
sion. This interpretation was reinforced by Goldman et. al., (1989), using the electro-
magnetic (TDEM) method, and by Segev et al., (1996a), using magnetic and gravimetric
methods, which extended the subsurface information and indicated that a continuation
of the magmatic bodies occurs not only in Gavnunim, but also south of the Ramon
fault (Fig. 4).

The roofs of the magmatic bodies intrude the clastic sequence of the Triassic Gevanim
Formation (members Trg, and Trg,). Polymetallic vein-type mineralization appears at
this contact (Itamar, 1988), comprising sulfides, arsenides and sulfoarsenides of silver,

lead, zinc, nickel and uranium.
|

A detailed geological investigation of the eastern Gavnunim igneous complex con-
ducted by Segev et. al. (1996b) revealed evidence of multi-stage igneous activitity
(Fig. 5). According to their results, the central and western part of the Gavnunim intru-
sion comprises relatively uniform quartz syenite, whereas the eastern part consists of
several bodies (Fig. 5). The latter are various trachyte bodies associated with the main
quartz syenite (MQS) body, including: sill — 1, sill — 1,, feeder dyke — T, and the
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lobe — t,, which are emplaced within the Triassic Gevanim Member (Trg). A thin (0-
0.5 m) quartzite marker was found between the top of the MQS body (coord. 1390/
9995), and the trachytic sill — t,. This marker was used to clarify the field relations
between these two bodies. The feeder dyke — ’lf3 cuts the sill —t, and is transposed to
the lobe — T, toward the southwest (Fig 5). The lobe — 7, as well as the composite
body — 7, are emplaced within a higher stratigraphic levels (upper Gevanim Forma-
tion — Trg, ,, and Saharonim Formation — Trs), and have no contacts with the MQS
and only limited contact with each other, so their time relations are not fully under-
stood.

A part of the sill — t, and the lobe— t, have lava flow cooling structures: in places
breccia at the base, a sheeting and pencil joints on top, and a columnar structure in-
between. In addition to the above-mentioned cooling structures, the lobe has a highly
vesicular top which is generally typical to a subaerial flow. The composite isolated
magmatic body — T has a plug shape (feeder), which is transposed through an in-
clined dyke to a concordant sill with a cooling structure at its top.

The rock type of the Gavnunim bodies is a quartz syenite with some chemical varia-
tions (see Table 1). Generally the rock is alkaline with sodic affinity, but the sills which
are partly altered are more potassic. Silica is high, showing that the rocks are close to
granitic composition. Alteration and presence of volatile components is emphasized
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by high LOI of the sills and the lobe. The rocks are fine- to medium-grained. However,
some petrographical variations are visible within the various stratigraphic units: The
main fine- to medium-grained quartz syenite body (MQS) have a porphyritic texture
and comprises mainly phenocrysts of anorthoclase. The majority of the Gavnunim
sills and dykes are typical trachytes. They commonly show a porphyritic habit
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Table 1. Chemical Composition of Representative Rocks

Rock Type Si0, TiO, AlLO,Fe,O, MnO MgO CaO Na, O KO LOI Total
Gavnunim
MQS deep T 0 1206 59 W01 04 0 66 360 1 0T 100.2
MQS roof 69:8 03 135 .58 01 01 @755 420 A7 99.9
Sill —1, GOME S0 129 64 00 0 T ST o 1.6 98.9
Sill —1, G2OREI0ML. F161 625 108 21705 w300 (85 62 33 100.2
Dyke—r1, 678 4. AT 59 02 .00 185N 5.0 23 99.4
Lobe —1, OGORRR0EY 139 7.2 01 DI 05 6.8 491 2.3 100.3
Shen Ramon
Unaltered 616 03 136 79 00 01 03 49 46 09 98.9
Propyllitic 629 02 141 1.1 00 01 05 52 44 15 100.3
Argillitic 713 02 138 40 00 01 03 50 45 15 100.9
Potassic+Fe 562 02 122 196 00 01 06 35 54 25 100.4
Lapilli-Tuff ~ 91.0 0.1 31 13 00 01 04 05 09 24 101.4
Skarn + Mineralization

458 0.1 33 205 00 06 54 03 04 133 89.7*

#10% metallic elements
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Fig. 7. Detailed geological map (including alteration zones) of Shen Ramon..
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Fig. 6. Petrography of Gavnunim rocks:
A. Flow structure within a trachytic sill.
B. Isotropic cement within a trachytic sill.

C. Vesicular top within a trachytic sill.

D. Elliptical vesicles within the lobe.

comprising phenocrysts of alkali feldspars. Occasionally crystals of hornblende and
quartz were encountered as microphenocrysts (0.7-0.4 mm). Some differences in the
mineralogy were also observed between the various types. The MQS and the sills —
T,, T, are similar, containing mainly anorthoclase, quartz and arfvedsonite, whereas
dyke— 7, and the lobe— t,, which are highly vesicular, both consist of albite and K-
feldspar instead of the anorthoclase. The groundmass of the trachytic sills and dykes
consist predominantly of alkali feldspar of a second generation, less acid plagioclase,
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a variable amount of quartz and opaque oxides. Pilotaxitic, fluidal-pilotaxitic and
microvesicular textures were encountered. In some cases lath-like feldspar microlites
(0.5-1.25/0.1mm) expose a sub parallel position within flow lines which wind around
the phenocrysts (Fig. 6a). In cases of transitional forms to microsyenite, the feldspar
crystals of the groundmass are not so lath-like and are usually more tabular. In T, and
the MQS an isotropic vitric material fills the irregular interstices between the feldspars
(Fig. 6b). This feature appears, in places, in several sills but is typical to the vesicular
lobe T, In the vertical sections performed, vesicles are found in a few sills, constitut-
ing a top vesicular zone (Fig. 6¢) of 1-3 m thick. The vesicles in the lobe are elliptical
and spherical (1/0.4-2/1mm) (Fig. 6d), showing an irregular contour of the walls and
an increase in number and size upward. A part of the vesicles are filled with incipiently
limonitized opaque minerals, argillic and carbonatic material, quartz, and gypsum.

The above mentioned textures within part of the Gavnunim bodies define a transition
from shallow subvolcanic to subaerial extrusive crystallization conditions.

The Shen Ramon body

Based on drillhole data, Itamar et al., (1993) suggested that Shen Ramon is probably a
shallow sill. Geophysical research (Segev et al., 1996a) shows that the deep roots of
Shen Ramon appear south of the Ramon fault, just as in Gavnunim. Itamar et. al.,
(1997) found small vents and explosion fissures which cut the sill-like magmatic body.
These are presumably the last stage of the magmatic activity in Shen Ramon.

The geochemistry and petrography of Shen Ramon body were also investigated for
many years. Weissbrod and Bogoch (1979), Bonen (1980) and Bogoch et. al., (1992)
suggested syenitic to trachybasaltic composition, however, Itamar (1993) shows that
only a small part in the west of Shen Ramon remains an unaltered original rock, namely,
a fine to medium-grained quartz syenite composed of anorthoclase, quartz and
arfvedsonite, like in Gavnunim. The rest of the body is hydrothermally altered to three
phases (Fig. 7):

a) propyllitic—occupies the center of the body and its western flanks and is represented
by a greenish medium-grained rock, containing mainly chlorite, alkali feldspar and
some calcite;

b) argillitic — appears on the top of the central part of the body, and is represented by
a pale gray rock containing mainly kaolinitized feldspar and quartz; and

c) iron-potassic — the last phase, appears in the lower flanks around the body, as a
brown reddish rock composed mainly of alkali feldspar and mineralized veins
containing rare earth minerals such as: bastnaesite and fluocerite, Pb chlorides,
hematite and pyrolusite.

11-E



Fig. 8. Explosion features, breccias and associated mineralization.

A. A fissure filled by lapilli breccia.
B. An explosion vent filled by lapilli breccia.
C. Several generations of lapilli fragments, cemented by cryptocrystalline quartz.



D. Non-explosive breccia.

E. Non-mineralized fluoritic skarn at
the contact between the propyllitic
zone and the quartz syenite

F. Fluoritic skarn hosting metallic min-
eralization, at the contact with the
iron-potassic zone.




The chemical composition of the various Shen Ramon rocks (Table 1) shows mainly
an increase in silica content from the unaltered rock, toward the argillitic, constant
alkali proportion, but low silica and higher potassium/sodium ratio and high iron con-
tent in the iron-potassic alteration. The high silica content of the lapilli breccia is a
result of abundant quartzite pebbles.

The prominent feature in Shen Ramon is the brecciated rocks (Fig. 8), appearing mainly
within the iron-potassic alteration phase as two types: a) lapilli breccias - hard and
friable, generated by explosive processes; and b) in-situ (non-explosive) brecciated
rocks. The hard lapilli breccias constitute elongated bodies (Fig. 8a), 3 to 500 m long
and 0.2 to 1.0 m wide, which form straight lines, cross-cutting networks and radial
fissure and feeder structures. These bodies are strongly associated with small semi-
concentric depressions, which are probably explosion vents filled by friable lapilli
breccias (Fig. 8b). The pinkish, brownish and grayish lapilli breccias within the fis-
sures, feeders and vents are commonly altered. They consists of lithoclasts of quartz
syenite, trachyte, quartzite and sandstone, as well as fragmented crystals of feldspar,
quartz, arfvedsonite and pyroxene. The matrix is a crystal-lithic tuff, like a muddy
material with micronic quartz and feldspar (Fig. 8c). The explosive processes, which
formed the lapilli breccias, were generated within several simple or complex struc-
tures:

1) single explosion vent;

2) explosion vent associated with explosion fissures;

3) feeder vent;

4) feeder vent associated with explosion fissures.

The explosive activity took place over several generations (Fig. 8c) in which rocks of
the first two alteration phases (propyllitic and argillitic) were fragmented and became
particles within the later breccias. However, the potassic phase appears in the host
rocks and within both the particles and the matrix, indicating that it was the last altera-
tion stage, possibly associated with the last explosive stages.

The in situ breccias are close to the vents, feeders and fissures. They were formed as a
by-product of the explosions; but only as in situ fragment of the quartz- syenite. That
breccia is composed of blocky, irregularly shaped, clast-supported, poorly sorted
monomict particles of quartz syenite, making a fractured jigsaw pattern of the original
rock (Fig. 8d). ’

REE mineralization in the Shen Ramon area was discovered in stream sediments (Itamar
et. al., 1994; Brenner and Itamar, 1995). It appears in two forms: a) as veins within the
lapilli breccias of the explosion vents and fissures; b) as a disseminated phase within
the carbonate rocks of the Jurassic Ardon Formation, at its contacts with the magmatic
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body. Itamar et. al., (in prep.), shows that the mineralization consists mainly of
bastnaesite - a carbonte mineral of light rare earth elements: La, Ce, Nd and Sm.

At the contact between the propyllitic quartz syenite and the carbonate rocks of the
Ardon Formation, the latter was turned into fluoritic skarn (Fig. 8¢) composed of fluorite,
quartz and calcite. At the contact between this fluoritic skarn and the potassic altered
rocks, the skarn was mineralized by disseminated brown, black and yellow hematite
and limonite, as well as by alternating bands of yellow iron sulfates and white-gray
bands of quartz and bastnaesite (Fig. 8f).

The above-mentioned arguments are indicative of multi-phase activity in Shen Ramon,

as follows:

1) emplacement of a sill, which extended from a quartz syenite body in depth south of
Shen Ramon, with insignificant effects on the surrounding sedimentary rocks;

2) propyllitic alteration (affecting most of the exposed magmatic body) accompanied
by contact metasomatism of the surrounding carbonate rocks, turning them into
fluoritic skarn;

3) argillitic alteration of the higher parts of the magmatic body;

4) explosions in several stages along fissures and vents;

5) potassic alteration, accompanied by metallic mineralization, of mainly the pre-
existing brecciated magmatic rocks; this mineralization penetrated the carbonate
rocks at the contact.

Excursion Guide (Fig. 3)

Station 1: A view toward the southern Shen Ramon body

A panoramic view on a network of explosion fissures and vents from a small hill south
of the Ramon fault (Fig. 9). The network, which appears in front of the hill, is close to
the margins of Shen Ramon, and is built of a main breccia fissure line, 1 km in length.
The breccia line is hard and very prominent in the area; it is intersected by several
concentric vents and connected to other fissure lines, all of them building a criss-cross
structure, indicating highly explosive events.

Station 2: Southern Shen Ramon - Explosion fissure filled by lapilli breccia

Walking 500 m to the north, there is a prominent exposure of the main lapilli breccia
body (mentioned above), 0.5 m in width. The rock is hard and dark, composed of
variable particles both in size and composition, including particles of altered mag-
matic rocks and sandstone. All are cemented by dark and opaque silica. Some of the
particles are composed of several other broken particles, indicating several stages of
explosion. Among the particles visible are those of the propyllitic and argillitic altera-
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[ron-potassic alteration zone

Argillitic alteration zone — Fissures filled by hard lapilli breccia
Propyllitic alteration zone Vents filled friable lapilli breccia

Fig. 9. Panoramic view on a network of fissures and vents in Shen Ramon.

tion phases, potassic alteration cross cuts all the particles and in places also penetrates
the cement.

Station 3: A contact between unaltered quartz syenite and carbonate rock of the
Ardon Formation

A contact between the Ardon Formation, consisting of dolomitic limestone, and the
top of the unaltered quartz syenite body. The magmatic rock is gray-greenish, me-
dium- grained and homogenous. The carbonate rock at the contact is fine-grained,
hard, pale yellowish to gray, with some sign of ibakingi, but without metasomatic
effects.

Station 4: A contact between propyllitic quartz syenite and non-mineralized fluoritic
skarn

A transition between unaltered, friable, pale carbonate rock, and a dark violet and hard
propyllitic quartz syenite. The violet rock is the fluoritic skarn, mainly composed of
fluorite, quartz and calcite, with weak anomalies of U, Pb and Zn. The quartz syenite is
greenish medium-grained, partially affected by the subsequent iron-potassic altera-
tion. Eastward along the way we can observe several alteration types of quartz syenite,
among them the pale, medium-grained argillitic alteration.

Station 5: Explosion vent, potassic alteration and mineralization - northern Shen
Ramon

Explosion vent in a small valley. The vent has an elliptical shape, its walls are colored
and friable, and some silicified small fissures are visible at the bottom. These fissures
are mineralized, mainly containing the rare earth minerals bastnaesite and fluocerite,
together with sphalerite and galena. Strong red brown colors are dominant in/near the
vent, indicating the potassic alteration of the quartz syenite. These altered rocks are
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Fig. 10. Panoramic view on magmatic phases within the east Gavnunim bodies.

composed mainly of alkali feldspar, medium to coarse-grained, contaminated with
iron oxides. In-situ fractured quartz syenite, appears close to the above-mentioned
vent.

Station 6: Potassically altered quartz syenite overlying mineralized fluoritic skarn in
northern Shen Ramon

Fluoritic skarn layer of the Ardon Fm., 2 m wide and 200 m long, in contact with the
potassically altered quartz syenite (similar to that in the previous). The contact is sharp
and the magmatic rock overlies concordantly, sub-horizontally, the skarn layer. This
layer consists of fluorite, quartz and calcite, mineralized with disseminated iron oxides
together with quartz and bastnaesite, completely changing its original composition
and color from yellow gray dolomitic limestone, to brown-black fluoritic skarn. The
bedrock is intersected by white quartz and bastnaesite veins and yellow veins of iron
sulfates minerals, resulting in a banded structure (reminiscent of ibanded ironf).

After this station we meet the vechile and drive via the gypsum quarries toward the
Gavnunim Valley.

Station 7: Gavnunim magmatic phases — panoramic view

A panoramic view on the several exposures of the Gavnunim intrusion and its several
magmatic phases (Fig. 10). Toward the west we can look at the contact between the
main quartz syenite (MQS) body, comprised of dark rocks and a smooth roof and the
sandstone (quartzite) and shale of the Triassic Gevanim Formation. Toward the east
we can see most of the magmatic phases of the Gavnunim area exposed on the slopes
of two hills. The shales of the Gevanim Formation are exposed in front of the eastern
magmatic body foothill. A small quartzitic layer divides the MQS roof from the over-
lying first sub-horizontal sill (t,) on top of the hill. This sill has a well-developed
columnar structure and a pale brown color. A prospecting trench appears within the
downfaulted block of the MQS toward the south. The trench contains several veins of
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the hydrothermal mineralization containing sphalerite, galena and U, Cu, Zn and Nb
oxides.

The higher part of the magmatic sequence is exposed in the small hill close to the
above- mentioned fault (coord. 13890/99952), where Gevanim shales (Trg2) overlie
the sill — 1, and comprise the base of the hill. Sill — t, is cut by dyke — T,, which is
transposed into the lobe — T, which overlies the top of this hill.

Station 8: Sill T,

Walking from the previous station up to the top of the hill, we shall first cross the roof
of the main quartz syenite (MQS) body, where a prospecting trench (coord. 13887/
99944) exposes a complex of hydrothermally altered quartz syenite with metallic min-
eralization veins, containing sphalerite, galena and oxides of U, Cu, Zn and Nb in
various colors: red, brown, yellow and black. Iron and manganese oxides are found
disseminated within the altered rock. The presence of iron, manganese and Nb oxides
suggests that this veins represent the first high temperature hydrothermal phase in the
area (Itamar, 1988).

A thin quartzitic layer was found between the MQS and the overlying sill — 7,. This
quartzite encompasses the hill, tracking the contact between these magamtic bodies.
The MQS is dark, hard and homogenous, while the sill is typified by friable and
heterogenous trachyte of a pale brown color. In places, it contains vesiculated rocks
and cooling structures, such as breccia at the base, a columnar structure in the center
and sheeting and pencil joints on top. Two prospecting trenches cut the sill — T, along
metallic veins of galena, which cutting the MQS as well.

Toward the northeast we can see another composite magmatic body (coord. 13940/
99968) similar to dyke — T, and lobe —1,.

Station 9: Field relations between Sill — <, dyke — T, and lobe — ¢,

Sill — 7, consists of a gray greenish, fine-grained and almost homogeneous trachyte.
Its lower contact with Gevanim shales is not clear, but the brecciation at the sill bottom
is visible in some places. At the eastern margins of the hill, the almost vertical dyke —
7, cuts, along sharp contact, the sill7,. The dyke consist of a fine-grained and strongly
altered quartz syenite, associated with quartz veins. At the southwestern side of the hill
the dyke is gradually transposed into the lobe — 7,, which is comprised of dark violet
and jointed (sheeting and pencil joints) porphyritic trachyte, highly vesiculated at the
top.
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Field Trip 8A:

EVIDENCE OF EARTHQUAKES DESTRUCTION IN
THE ARCHAEOLOGICAL RECORD—THE CASE OF
ANCIENT AVDAT

Peter Fabian
Israel Antiquities Authority, Beer Sheva

1. Introduction

The site of Avdat, situated in the central Negev highlands (Figs. | and 2), was occupied
from the Late Hellenistic until the Late Byzantine periods. During four months in
1993 we excavated two areas of the site. The main goal of the dig was to conduct a
detailed study of the destruction processes in order to differentiate between dynamic
and static events of collapse, and to determine the extent of the influence of seismic
events on the settlement history of Avdat in the mid-fourth and the beginning of the
seventh centuries CE.
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Fig. 1 General location map.
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Fig. 2. Avdat — General overview of the site and the adjacent military camp.
2. Methodology

Our approach was based on the attempt to differentiate between various forms of de-
struction by a detailed documentation of the structural remains prior to excavation.
Essential are the precise maps along with still and video photography. This method of
documentation was used throughout the entire excavated area.

First, we systematically removed the surface rubble collapse that had been documented
as mentioned earlier. Later, we exposed the stones and the other components of each
layer. After mapping and analyzing the remains stone by stone, we peeled away the
layer and proceeded to the one below. This method used throughout the excavation
allowed us to obtain data concerning the nature of the collapse in each room of every
structure.

Archaeological sections were left in each unit in the excavated structure in order to
verify our conclusions concerning the differentiating between static and dynamic de-
struction.



3. Criteria For Identifying Earthquakes in Avdat

During the excavation we were able to establish at least ten criteria that are indicative
of seismic events. The main criteria we present here are related to:

1) roof and arch collapse,

2) walls breaching and pilaster twisting,

3) Deformation of doorposts and doorsteps and knocked down lintels.

During the excavation it became clear that the collapse pattern in the structure was
uniform and was expressed in the systematic collapse of the arches and the roof slabs
directly on the floors of the larger rooms (Figs. 3 and 4; rooms 2, 4 and 7). In the
sx{naller rooms (rooms 5 and 6) some arches remained in situ but it was possible to
detect the beginning of slippage of some arch stones that nonetheless did not result in
collapse. In our opinion the arches in the smaller rooms escaped damage due to the fact
that the force exerted upon them was not powerful enough to stretch the arch in a way
that would free the individual stones and allow their collapse, in contrast to the fate of
the longer arches in the larger rooms. In several rooms (rooms 4, 5 and 7) it was
possible to detect movement and twisting of the pilasters.

Differences in the level of damage that was uncovered in the smaller and larger rooms
were also evident in the longer and shorter walls. Long walls situated on the eastern
side of the structure (rooms 4 and 7) were breached and collapsed on top of the roof
slabs that fell probably seconds earlier. It is interesting that the western walls in which
the entrances to the rooms were situated were less affected. It is possible to explain the
difference in the extent of the damage between the two as being due to a lack of flex-
ibility of the eastern walls that contained no openings. Additional support for this in-
terpretation may be found in the inclination and twisting of the eastern wall of the
courtyard, in which the stones of the eastern face of this wall were peeled away and
fell, face down, into the courtyard.

Further evidence of the direction and force of the earthquake could be detected in the
manner in which the lintels of entrances located on the eastern wall of the courtyard
were thrown several meters northwest into the courtyard as well as twisting of the
doorposts and cracks in the doorsteps of these entrances.

Supporting evidence for the direction of the quake was found in room 3. This is the
only room in which the arches were perpendicular to the other arches in the building. It
was therefore expected that the destruction pattern for the arches in this room would be
different and confirm our working hypothesis. And indeed, this was found to be the
case: whereas in the other rooms the arches fell directly onto the floors, in the case of
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room 3 the roof slabs and arches fell at a 45 degrees angle concentrated up against its
northern wall.

On the basis of this and additional evidence found throughout the building we suggest
that the destruction of the building was a single, sudden event and not a the result of a
slow continuous process.

4. Mid-Fourth Century Evidence

Excavations along the Byzantine city wall uncovered underlying structures dated to
the Late Roman period that offered evidence of an additional seismic event, probably
the well known earthquake of 363 CE. This important evidence will not be discussed
here for lack of time. However it may be concluded that Avdat was hit by at least two
major earthquakes the first of which, in 363 CE, terminated the Late Roman settlement
of the city. Several years later, a new town was rebuilt on the ruins of the earlier one
that is reflected in the stratigraphy described above. The new Byzantine town existed
until the beginning of the seventh century CE, probably 633 CE, and was then totally
destroyed by an earthquake never to be rebuilt.

This may explain the absence of any Early Muslim period finds at the site in spite of
the continued occupation of other Negev sites such as Nessana and Shivta that existed
until the mid-ninth century CE. These towns, located west of Avdat and further from
the Syro-African Rift valley, were probably less affected by the earthquake.
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Field Trip 8B:

STUDY OF THE GEOLOGY, GEOMORPHOLOGY
AND NEOTECTONICS IN THE LOWER BESOR
BASIN

Greenbaum, N.,! Ben-David, R.,? Lettis, W.?

! Department of Geography, Haifa University

? Department of Physical Geography, Hebrew University
3 William Lettis & Associates, Walnut Creek, California

Introduction

The tectonic setting of the northern Negev is dominated by a series of northeast-trending
anticlines underlain by reverse or thrust fauits. The anticlines formed primarily during
Turonian to Eocene time under the Syrian arc stress regime. Most of the anticlines are
asymmetric with steeper southeastern limbs suggesting southeast-vergence on north-
west-dipping reverse faults. Many of the faults appear to be reactivated former normal
faults. The extent of “thin-skinned” crustal shortening along shallow dipping listric
thrust faults is not known.

The onset of transform faulting and transtensional opening of the Dead Sea Rift during
the Miocene, was associated with a new strain field, with maximum shortening ori-
ented NNW. Possible continued activity of Syrian Arch structures since the Miocene
does not contradict the new strain field (Eyal 1996). However, the absence of geomorphic
expression and lack of significant cumulative Quaternary deformation suggests that, if
these structures have been reactivated, they are active at very low rates on the order of
0.01 to 0.001 m/ka.

The Israel Electric Corporation (IEC) is seeking to license a site for a nuclear power
plant in the northwestern Negev (the Shivta-Rogem Site). A potential site envelop
within which a final site will be selected for the power plant has been selected south-
west of Beer Sheva. The site envelop is located within the Revivim syncline between
the Qeren anticline to the northwest and Giv’at Hayil to the southeast (Figure 1). The
Qeren anticline is underlain by the southeast-vergent S-1 fault, a primary reverse fault
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with significant cumulative slip, while a complex fault array dominates the Giv’at
Hayil area. The extent to which these faults have been active during the Quaternary
and the presence or absence of Quaternary deformation within the Revivim syncline
are critical issues for safely siting a nuclear power plant in the Shivta-Rogem site area.

General Approach

IEC is conducting a four-year multi-disciplinary investigation to assess the presence
or absence of deformation within the Revivim syncline and along the Qeren and other
anticlines and related faults. The investigation consists of geologic and geomorphic
mapping, paleoseismic trenching, geophysics, structural and tectonic analyses, and
geochronology. The synthesis and integration of these various data sets will lead to a
comprehensive evaluation and documentation of the presence or absence of Quater-
nary deformation in the Shivta-Rogem site area.

Because of the low rates of late Cenozoic deformation in the northern Negev, long-
term strain gauges are required to identify and characterize potential locations of Qua-
ternary deformation. Stream terraces along the Nahal Besor provide a unique opportu-
nity to assess Quaternary deformation. The river flows north-northwest nearly
orthogonal to the structural grain of the Revivim syncline, Qeren anticline, S-1 fault
and any previously unidentified northeast-trending faults. The river terraces include
surfaces associated with the Pliocene Ahuzam Formation and a probable early to mid-
Quaternary valley fill deposit. The Pliocene surfaces merge northward with Pliocene
marine deposits of the Pleshet Formation. Deposits of the Pleshet Formation contain
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marine fauna which document the Pliocene age of the Pleshet and Ahuzam Forma-
tions. In addition, the Pleshet surface also reflects base level to which the Ahuzam
surfaces are graded.

As part of the IEC investigation, we are conducting a program of detailed mapping of
Pliocene and younger deposits and geomorphic surfaces along the Nahal Besor. A 5-
meter-interval contour map at a scale of 1:10,000 was prepared for the entire site area.
Detailed elevation control for geomorphic surfaces will be provided by total station
surveys tied to GPS stations.

Correlation of terraces and surfaces along the Nahal Besor will be difficult. The Pliocene
terraces and surfaces are deeply dissected and discontinuous over long reaches of the
valley. We will use a variety of techniques to correlate the terraces, including: (1)
relative topographic position in a sequence of inset terraces; (2) normalized height
(ratio) of the terrace above the Besor channel; (3) texture and lithology of the deposits
(where unique); 4) superposition of overlapping inset terrace remnants; (5) relative
degree of surface dissection and/or preservation; (6) degree of weathering and soil
profile development; (7) correlation to distinct surfaces of the Pleshet Formation; and
(8) age dating by paleomagnetic, luminescence and radiocarbon dating. We anticipate
that no single criterion will be diagnostic to establish correlation of any one surface.
However, we anticipate that the use of two or more criteria will be successful for
correlation of a terrace at any particular location within a range of uncertainty.

Following the detailed mapping and correlation of terraces and surfaces along the Nahal
Besor, the terraces and surfaces will be projected onto a longitudinal profile along the
Nahal Besor valley. The longitudinal profile will be used to identify and characterize
any anomalies in the terrace surface. In constructing the profile, we assume that the
terraces originally were graded to sea level along the Mediterranean coast to the north-
northwest. Any anomalies in the graded terrace profile, therefore, may reflect subse-
quent tectonic deformation or some other non-tectonic process that must be identified
and documented.

There are two objectives of the terrace mapping program: ( 1) to identify the presence
of anomalies that may be indicative of potential tectonic deformation; and (2) to docu-
ment the absence of anomalies and, therefore, the absence of deformation. In areas of
identified anomalies, further detailed surface and subsurface investigations will be
performed to assess whether the anomaly is the result of tectonic or non-tectonic proc-
esses. [EC has acquired and is analyzing high-resolution seismic reflection data across
the Revivim syncline and the S-1 fault. These data will be used to assess whether the
anomalies in the terrace sequence (if any) are associated with underlying faults and/or
folds. In addition, several geomorphic anomalies have been reported in the literature
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within the Revivim syncline in the Nahal Besor drainage basin. IEC’s program of
detailed mapping will assess the tectonic or non-tectonic origin of these anomalies.

Anomalous Position of Ahuzam Terraces

Zilberman (1986a) conducted an extensive geologic and geomorphic study along the
Nahal Besor focusing primarily on flights of Ahuzam terraces within the Nahal Besor
drainage. The highest and oldest of these terraces is Pliocene in age, based on its
interfingering with datable marine sediments of the Pleshet Formation as observed not
far from the Haluza ruins (transitional facies). A Pliocene shoreline was reconstructed
to which the alluvial terraces grade.

Zilberman (1986a) identified anomalous vertical separation between terraces of the
Ahuzam Formation in the Haluza ruins area where the upper Ahuzam terrace also
reaches a topographic high. He raised the possibility that post Pliocene tectonic
deformation may have caused the anomalous position of the alluvial terraces.

In the present study, the Ahuzam terraces are being re-mapped and evidence for and
against the existence of the anomaly will be re-evaluated. If an anomaly is present, we
will assess alternative explanations for its origin. If tectonic, then the nature, amount
and rate of the causative tectonic deformation must be established.

The focus of our present study will be on the following:

* Correlation of terraces. Extensive use will be made of textural characteristics of
terrace deposits and of degree of soil development. A systematic study of soil
development on Ahuzam surfaces was initiated by the Geologic Survey of Israel
under contract with IEC. For this study, excavation of numerous soil pits is planned
on representative terraces. Detailed logging and laboratory testing of samples from
these test pits will be performed with the purpose of identifying possible soil
parameters that can be used for terrace correlation.

* Elevation control. The mapping will be at a scale of 1:10,000 with a contour interval
of 5 meters (compared to a mapping scale of 1:20,000 and vertical contour interval
of 10 meters by Zilberman). Additional elevation control is being provided by GPS
and total station measurements.

* Delineation of terraces. A large effort is being invested in distinguishing between the
terrace deposits and colluvial deposits derived from the terrace. The distinction
between the two types of deposit will permit a more accurate delineation of the
terraces which may aid in more accurate determination of terrace elevation and
correlation.

* Marine deposits. Very few outcrops of the Pleshet formation previously were
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identified in the area by Zilberman. In the present investigation, considerable effort
has been made to identify more of these deposits with the purpose of better defining
the location and elevation of shorelines to which the Ahuzam terraces.

Anomalous Position of Gravel Deposits Near the Confluence of
the Nahal Revivim and Nahal Besor

Zilberman (1986b) conducted a detailed study of sediments in the Besor/Revivim con-
fluence area. He observed that, south of the confluence, a several-kilometer-long sec-
tion of the Nahal Besor is incised into chalk bedrock which is covered by a conglom-
erate unit. At the center of the incised chalk section, top of bedrock is 3 meters above
the present river channel. Elevation of the top of bedrock progressively decreases both
to the north and to the south of the bedrock “high”.

Zilberman suggested that tectonic uplift may be a possible explanation for the elevated
conglomerate.

In the present study the confluence area is being re-examined with a focus on the

following:

» The possibility that the current Besor stream channel was re-incised into an existing
topography giving a false impression of uplift.
Initial studies show that the hydrography of the area has dramatically changed
throughout the Pleistocene. The present river course, therefore, could be different
from the course of the river that deposited the conglomerate overlying the exposed
bedrock. One possible method for verifying this possibility will be to use shallow
boreholes and shallow geophysics to locate the ancient stream channel of the Besor
associated with the elevated conglomerate.

¢ Determine the age of the elevated conglomerate. An old age for the overlying
sediments cannot prove or disprove young uplift. However, it would establish a large
time gap between the current stream channel and the stream channels associated with
the elevated conglomerate. This would strengthen the case for incision of an ancient
topography rather than tectonic deformation as an explanation for the elevated
conglomerate.
Paleomagnetic measurements conducted in the conglomerate show a reverse paleo-
magnetic signal in the upper part of the conglomerate unit and a normal paleomag-
netic signal in its lower part. This proves that the conglomerate is at least 780,000
years old.
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Preliminary Results

During the field trip, we will present preliminary results of our mapping program along
the Nahal Besor. We will visit several exposures of the Ahuzam terraces and the Qua-
ternary valley fill along the Nahal Besor, discuss preliminary results of paleomagnetic
dating of the valley fill, discuss the degree of carbonate soil development on the ter-
race surfaces, and present a preliminary high resolution seismic reflection profile along
the Nahal Besor.

Our preliminary results suggest that a sequence of at least four mappable Pliocene
terraces are present along the Nahal Besor (Fig. 2) and that these terraces merge north-
ward with the marine Pleshet Formation. Well developed carbonate soils are preserved
locally on the Pliocene surfaces. Further work will be required to assess whether the
carbonate soils may be used for terrace correlation. In addition, an early to mid-Qua-
ternary valley fill is present along the Nahal Besor. The valley fill contains strong
paleomagnetic reversals suggesting that they are at least 780,000 years old. The valley
fill represents a former stream course of the Nahal Besor that locally deviates from the
modern course of the Nahal Besor. It is important to assess the geomorphic evolution
of the Besor drainage basin because shifting locations of the Besor Channel may pro-
duce localized geomorphic anomalies. We will discuss the possible non-tectonic ori-
gin of terrace anomalies during the field trip.

Several small bedrock faults are present along the Besor channel. These faults have
vertical separations of less than several meters. High resolution seismic reflection data,
however, show that the Revivim syncline is a relatively undeformed region between a
zone of deformation along the S-19 fault to the southeast and the S-1 fault to the north-
west. The minor faults along the Besor channel do not appear to extend to depth as
prominent structures. Further paleoseismic investigations will be required to assess
the presence or absence of Quaternary deformation along these small bedrock faults.

Excursion stops
Stop 1. Pleistocene conglomerate:

Conglomerate of assumed Pleistocene age is confined in the study area to the Nahal
Besor/Revivim confluence and about 4 km upstream along the Nahal Besor. The con-
glomerate overlies Eocene chalk bedrock of the Maresha Fm and is 4-6 m thick. The
base of the conglomerate progressively changes in elevation from a maximum of 3
meters above the active Besor channel to even with, or below the channel. The con-
glomerate forms a distinct terrace or is buried under fine clastic deposits of Late
Pleistocene age (Fig. 3).
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Fig. 2. Preliminary stratigraphy of the Nahal Besor area, modified from Zilberman
(1986, 1993) and present study.

The conglomerate exhibits a distinctive lithologic composition as compared to depos-
its of the higher and older Ahuzam terraces. The conglomerate contains a high percent-
age of limestone clasts, a very low percentage of allochtonous chert and quartzite, a
high percentage of chalk clasts and the local occurrence of large angular and platy
boulders of chalky limestone.

Reverse paleomagnetic signatures in unit 2 and unit 2c at the base of the conglomerate
section and another reversal higher in the section (unit 6) show that the conglomerate
is more than 780,000 years old. The conglomerate is situated below the lowest Ahuzam
terrace which is late Pliocene or early Pleistocene in age. For this reason the conglom-
erate is assumed to be Early Pleistocene in age.

A stage III to stage III+ soil has developed on the conglomerate’s surface.
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Fig. 3. Stop 1. Pleistocene conglomerate at the Nahal Besor Canyon.

Stop 2. Bedrock faults

Small bedrock faults are exposed along the Besor channel. Displacement along some
of the faults is identified by vertical separation and deformation of conspicuous marker
beds of chert and a yellow sandy limestone within the Maresha Formation.

Several bedrock faults are exposed at stop 2. The main fault strikes 315°-335° and dips
55°-77° and has produced a significant local flexure in bedrock. The other faults roughly
strike parallel to the main fault. One of these faults displays clear horizontal slickensides
on rock and as imprints on the silty gypsic in-fill.

Assessing the presence or absence of Quaternary faulting will require detailed map-
ping-and paleoseismic trenching investigations where these faults are overlain by
Pliocene and younger deposits. Information from these detailed investigations will be
integrated with subsurface geophysics data to resolve the recency of fault activity.

Stop 3. Colluvial units in trench

Colluvial deposits cover most of the southwestern part of the area. The colluvium
forms apron-shaped slopes extending from higher to lower surfaces.

At stop 3, a military trench has been excavated into the colluvial slope. The trench
exposes two colluvial units (units 2,3 in figure 4) that overlie a remnant of alluvial
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clast-supported gravel (unit 1) and in return, are overlain by a silty sandy sequence
(units 4,5).

The upper part of each of the colluvial units consists of an inclined gravel layer, about
90 % of which is composed of chert from various sources (Mishash Fm., Avedat Fm.,
allochthonous) and of quartzite. The main body of each colluvial unit is composed of
massive clayey silt. The apron slope above the trench extends to the colluvial units
exposed within the trench. The slope is covered by a desert pavement similar in com-
position to the upper part of the exposed colluvial units.

A stage II-II+ calcic soil has developed in the upper part of unit 3. A hearth found in
unit 4, which overlies the colluvium, yields a radiocarbon date of 5610 + 60yBP

The trench site demonstrates the distinctive lithologic composition of colluvial depos-
its as compared to alluvial deposits. We use this contrast in lithologic composition as a
tool to assist in differentiating alluvium associated with Ahuzam terraces from younger
colluvial deposits.

Stop 4. Soil development on low Ahuzam terrace

An 80-cm-thick soil profile is exposed in a shallow military trench at stop 4. The calcic

soil is moderately developed and contains stage III+ carbonate development. The soil

profile is shown in figure 5. Its main characteristics are presented below:

Bca Massive structure, matrix supported gravel, clasts are partly coated with carbon-
ates, weakly cemented, light yellowish brown - 10YR6/4

K2  Massive, weak platy structure, abundant carbonates filling voids in matrix,
partial coating of clasts - mainly of clast bottoms, indurated, pink - SYR7/4

K3  Stratified gravel, some carbonates in matrix, abundant gypsum as crystals and as
coating on the bottom of clasts, contains some salt, moderately cemented, pink
-1.5YR7/4

Stop 5. Soil development on high Ahuzam terrace

A >100 cm thick soil profile is exposed in a shallow military trench at stop 5. The soil

is very well developed and classified as stage IV+ to V-. The soil profile is shown in

figure 5. Its main characteristics are presented below:

K2.1 Continuous laminar horizon consisting of 0.5 mm thick sub-laminae, indurated,
pink - 5YR7/3

K2.2 Platy in upper part to massive in lower part, voids in matrix plugged by
carbonates, indurated, almost complete carbonate coating of clasts, pink -
7.5YRS8/3
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Fig. 4. Stop 3. Field relations between alluvial gravel (1), colluvial deposits (2, 3) and
loess and sand (4, 5).
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K3  Stratified gravel, abundant carbonates in matrix, partial coating of clasts - mainly
of clast bottoms, gypsum increasing with depth as filaments, crystals and
secondary coating on clasts (covering the carbonate coating ), contains salt,
moderately cemented, reddish yellow - 7.5YR6/6

Stop 6. Shallow marine facies of the Pleshet Fm

Marine deposits of the Pleshet Formation overlain by continental deposits of the Ahuzam
Formation are exposed in a shallow military trench at stop 6 (Figure 6). From bottom
to top, the exposed section consists of:
1. Coarse to medium quartz sand on Maresha Fm chalk bedrock.
2. Gravel containing a mixture of:
- Distinctive elongated well rounded and smooth pebbles.
- Coarse well rounded pebbles and cobbles including limestone, allochthonous
chert and quartzite typical of the Ahuzam conglomerate.
- Large angular chalk clasts with burrows.
The gravel is cemented by silty sandy carbonates, rich in fauna, which may be
representative of beachrock.
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Fig. 6. Stop 6. Exposure of shallow marine facies of the Pleshet Fm overlain by
conglomerate of the Ahuzam Formation.
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Fig. 7. Stop 7. Pleistocene conglomerate and overlying silty clay paleosols near the

Nalah Besor/Nahal Revivim confluence.

Paleontological examination shows that the burrows on the clasts found in unit 2 are
by Lithofaga and are typical for the abrasion zone of an Early Pliocene transgression.
. Conglomerate, similar in composition and texture to conglomerates found on the

higher Ahuzam terraces.

Stop 7. Early Pleistocene conglomerate with overlying fine clastic sediments.

The Early Pleistocene conglomerate exposed in the confluence area is covered non-
conformably by a 10 m thick fine clastic sequence composed of re-deposited fluvial

loess and sand (Fig. 7).

The exposure shows a sequence of conglomerate, sand and silty sand. This sequence is
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overlain by a fine clastic sequence. At the base of this sequence three dark-brown
calcic paleosols have developed. Zilberman (1986b, 1992) evaluated the paleosols as
stage II- III and reported the following radiocarbon dates: >60,000 yBC for the lower
paleosol, 32,400 * 2,000 yBC for the middle paleosol and 25,950 £+ 950 yBC for the
upper paleosol (Fig. 7).

Paleomagnetic measurements obtained for the present study give a normal signature
for three locations throughout the Pleistocene conglomerate sequence and a reversal in
the silty unit beneath the lower paleosol, demonstrating that the base of the fine clastic
sequence is more than 780,000 years old.
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Field Trip 9:

INTRODUCTION TO THE RAMON NATIONAL
GEOLOGICAL PARK*

Emanuel Mazor

E.W. Considine Professorial Chair of Hydrological Research, Department of Envi-
ronmental Sciences and Energy Research, The Weizmann Institute of Science, 76100
Rehovot, Israel, and The Ramon Science Center, Mizpe Ramon, Israel

Introduction

A makhtesh is an elliptical valley surrounded by steep walls composed of hard rocks at
the top and friable rocks at the bottom, and drained by one major stream. The word
“makhtesh” (plural, makhteshim) stems from the Hebrew word for mortar, and is used
internationally for similar land forms, providing a term that is more specific than “ero-
sion cirque” or “breached anticline.” In the Negev there are five makhteshim: Qatan,
Gadol, Ramon, and the twin makhteshim of Har Arif. The makhteshim of the Negev
have the following common features:

a) the soil and plant cover are sparse, with magnificent exposures of rocky desert
features;

b) the surrounding walls are formed by an upper cliff built of hard limestone and
dolomite (Hazera Fm., Albian-Cenomanian), and a lower slope built of friable
sandstone (Hatira Fm., Lower Cretaceous); and

c) drainage is eastivard into the Rift Valley.

Makhtesh Ramon (40 km long, ~9 km wide, 400 m deep) exposes numerous geologi-
cal features: a large variety of rock types with superb assemblages of macro and micro
fossils from the Triassic (~220 million years ago) up to the upper Cretaceous (~70
million years ago) (see fig. 2 of Benjamini et al., 1993); dikes (hundreds!), sills, stocks,
and a laccolith (3 km diameter); as well as a multitude of well-preserved Lower Creta-
ceous volcanoes and basanite flows. Structural geologists can find bedding plane slips
and different styles of faulting and folding. The morphological features of the makhtesh
and its surroundings include peneplains, pediments, terraces, gaps in the SE wall made

* Reprinted with permission from Israel Journal of Earth Sciences, 1993, 42:103-114.
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by water and wind, dry river falls, paleo-karst and rock shelters, lacustrine sediments,
conglomerates, sinter, red soil, desert pavements, and loess deposits.

The Ramon area is a geologists’ paradise, and scientific research flourishes. Hundreds
of geological papers have been published by researchers from Israeli and international
institutes (Bartov and Arad, 1988). The Ramon region is one of the best-studied ter-
rains on earth, but the full research potential is still ahead. The variegated lithological
and morphological landscapes of the Ramon host a variety of arid and semi-arid habi-

- tats, studied by numerous ecologists. Delicate remains of millennia of nomadic cul-
tures are the basis for extensive archeological studies. Quarrying in the makhtesh is
limited so far, and most of the Ramon is a well-preserved wilderness, that vanishing
commodity so much sought by scientists and nature lovers all over the world. To en-
sure the continuity of long-range and multidisciplinary research, the concept of the
Ramon Laboratory of Nature was raised (Mazor, 1990). The makhtesh was declared as
the Ramon National Geological Park, part of the Ramon Nature Reserve that encom-
passes nearly 1000 km? (Mazor, 1978). Scientific research has been an integral part of
the park since its foundation, besides educational aspects and the main goal — nature
preservation. The concept of a biosphere reserve was followed, with the makhtesh
constituting the maximally-protected core of wilderness; a strip around the rim of the
makhtesh developed as a buffer zone, including the Park’s Visitors Center, the Bio-
Ramon, and the Ramon Science Center; with the growing settlement of Mizpe Ramon
on its edge. The Ramon Science Center is devoted to basic and applied research, guid-
ing the management of the Reserve, and promoting research by scientists from all over
Israel and abroad. A basic function of the Ramon Laboratory of Nature is the develop-
ment of the Park as a field base for geological and ecological training, to be incorpo-
rated into the curricula of educational institutes. This guide to geological excursions in
Makhtesh Ramon is an important step in this direction.

During the excursions in the Ramon area let us remember the rules of the Nature Re-
serve: nothing should be moved from its place, or collected; all trash should be carried
out; driving and walking are restricted to marked roads and trails. And — especially
for geologists — no use of a hammer and no specimen collection without written
authorization from the park authorities.

Station 1: View from the northern rim at Mizpe Ramon

Main features seen from this viewpoint (Fig. 1): the wall of the makhtesh, Giv’at Ga’ash
(a Lower Cretaceous volcano), the “Brown Cuesta”, Mahmal and Ardon valleys with
Mt. Ardon between them, Shen Ramon (an igneous stock), Mt. Arod (the highest peak
of the Lower Cretaceous volcanic structures of the Karnei Ramon complex), and the
meandering dry bed of the Ramon River (Nahal Ramon).
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Fig. 2. A schematic cross section through Makhtesh Ramon, revealing the structure
of an asymmetric anticline into which the makhtesh has been eroded.

Conspicuous geological units (Fig. 2): the northern cliff is built of limestone, dolo-
mite, and interbeds of clay (Hazera Fm., Albian~Cenomanian), while the lower slope
is built of variegated sandstone (Hatira Fm., Lower Cretaceous) and is much covered
by debris. A number of black hills of basanite flows, are seen at the foot of the makhtesh
wall, ending eastward at the volcanic black hill of Giv’at Ga’ash (Mazor, 1961). The
basanite outcrops are accompanied by red shales of the Lower Cretaceous, called lo-
cally the “Red Member”, and it seems that the volcanoes erupted into a landscape of
marshes and lakes, some 110 million years ago. Traditionally, the term basalt was
applied to the black volcanic rock of the Lower Cretaceous in the Makhtesh Ramon.
However, recent work has established that this rock is basanite (Samuelov, Eyal, and
Becker, in preparation).

Two rows of talus aprons, or the ends of pediments, are seen along the wall of the
makhtesh, one partly touching the wall, the second disconnected (Fig. 3). Other pedi-
ments and terraces occur in the makhtesh at different altitudes, descending toward the
dry bed of the present Nahal Ramon (Ben-David and Mazor, 1988).

Southward, the “Brown Cuesta” dips to the north (towards the observer). It is built of
sandy dolomite, and beneath are siltstone and shales belonging to the Mahmal Fm., the
marine unit forming the top of the Jurassic rocks of the Ramon area. Further south is
the flat floor of the makhtesh, built on sandstone (Inmar Fm., Jurassic). Behind is the
Nahal Ramon bed, and south of it is seen the “Red Cuesta” dipping to the north (dolo-
mite, limestone, and shale, Ardon Fm., Jurassic). Between the Red Questa and the SE
wall are seen rocks of the three Triassic formations, the Mohila, Saharonim, and
Gevanim. The SE rim of the makhtesh is built of the same three units as the NW rim:
black basanite at the foot, sandstone at the lower slope, and limestone and dolomite at
the uppermost cliff.
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The Ramon anticline: The rocks of the northern cliff, the Brown Cuesta, and the Red
Cuesta are seen to dip to the north, but the rock beds of the SE wall dip to the south, as
do part of the Triassic rocks. These tilted rock beds mark the asymmetric Ramon anti-
cline. The makhtesh was eroded into the anticline. The stages of the evolution of the
makhtesh are discussed by Avni (this issue).

Station 2: The montmorillonite (“bentonite’’) quarry

Midway along the descent into the makhtesh (coord. 1324/0037) are a number of green-
yellow and green-gray beds of montmorillonitic clay. At the roadside, two entrances
into abandoned mines are seen, part of a past large-scale exploitation of the
montmorillonite, under the commercial name “bentonite”. The material served as an
ingredient in chicken feed. It is of marine origin, as indicated by fossils, including
small oysters and crabs (Fig. 4). The latter indicate that the respective Cenomanian sea
was very shallow. The underground galleries total 8 km in length! Entrance has to be
coordinated with the Harsit Vechol Sach Company. The montmorillonite is highly plastic
and has a high absorption capacity. It is crossed by gypsum veins, and contains tiny
pyrite nodules.

Station 3: The glauconitic bed

About 50 m down the road, an outcrop of greenish glauconitic sand marks the base of
the marine rock sequence of the Hazera Fm. Glauconite is a greenish mineral with a
lattice structure close to that of biotite, and a composition of (K, Na) (Al, Fe, Mg), (Al,
Si), (OH),. It is regarded as an indicator for sedimentation in a very shallow sea.

Station 4: The variegated sandstone

About 50 m down from the previous station, variegated sandstone of the Lower Creta-
ceous Hatira Fm. occurs. In it are seen delicate tubes of fossil plant roots, indicating
continental sedimentation. Let us remember — the fossil roots may be photographed
but in no case removed or collected.

Station 5: The Orange Cuesta

About 500 m further along the same road (coord. 1328/0038), an outcrop of hard or-
ange-yellow mudstone and shale is seen on the left. Locally called the Orange Cuesta,
it occurs within the Hatira Fm. continental sandstone and indicates a marine intercala-
tion. To the north, three such intercalations occur at Makhtesh Gadol, while at Makhtesh
Qatan two occur. These marine intercalations demonstrate that the Negev was in the
range of transgressions and regressions of the Tethys. Beneath this layer is, again, the
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Fig.3.The NE wall of the makhtesh. The upper partis a cliff built of limestone, dolomite,
and clay beds of the Hazera Fm. (Albian—Cenomanian). The lower part has amore gentle
dslope and is built of sandstone of the Hatira Fm. (Lower Cretaceous), largely covered
by debris from the cliff. Talus and pediment surfaces stretch from the makhtesh wall
down to the present Nahal Ramon bed, marking stages in the evolution of the Makhtesh.
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Fig. 4. Fossil crabs found in
the montmorillonite from a
mine located at the cliff, indi-
cating that the Cenomanian
sea was extremely shallow.

Fig. 5. Countless quartzite
pillars, in situ and strewn
about, at the Carpentry Hill.
A number of such sites of
prismatic pillars of quartzite
are found in the Inmar Fm.
sandstone. They were prob-
ably formed by the action of
steam and hot fluids that ac-
companied the intrusion of
dikes and sills.
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Fig. 6. Prismatic pillars of
Lower Cretaceous basanite,
2 km west of the Carpentry,
at the foot of Mizpe Ramon.
Formed by cooling cracks that
were enlarged by weather-
ing. A large number of
basanite outcrops in the
Ramon have prismatic pil-
lars. The long axis of the cool-
ing joints of lava are perpen-
dicularto the cooling surface,
and therefore the direction of
pillars is used to reconstruct
the original geometry of the
various intrusive and
extrusive basanite bodies.

Fig.7. A fault bringing cross-
bedded sandstone of the
Inmar Fm. against the Ardon
Fm., including a kaolinized
sill; Nahal Ramon at the point
where it is crossed by the
main road. The fault plane is
impregnated with iron oxide.

Fig. 8. Quartzite walls and a
trench formed by the weath-
ering of a kaolinized dike,
Ardon Valley. Quartzite walls
and white kaolinite are found
inthe dikes crossing the Inmar
Fm. sandstone.



variegated continental sandstone of the Hatira Fm., containing fossil plant roots and
siliceous and iron oxide-containing fossil wood.

Station 6: A walk to basanite hill 548 m

Continue along the road for about 1'/2 km to a trail on the left side, just before the
Brown Cuesta (coord. 1345/0038). Walk 3/4 km northward to the basanite hill marked
on the topographic map with an altitude of 548 m (coord. 1345/0046). The trail begins
in sandstone of the Mahmal Fm. containing fossil wood (to be left in place!). Then
there is a greenish-brown weathered andesite sill, with an onion-like weathering struc-
ture. Above and below are sandstone beds metamorphosed to quartzite, formed by the
sill when it intruded the sandstone. After a short distance is an outcrop to the Arod
Conglomerate, composed mainly of quartzite pebbles, cemented by secondary quartz.
This conglomerate overlies various rocks as old as the Triassic, marking the relief at
the commencement of the Lower Cretaceous. Hill 548 is a basanite flow with pris-
matic jointing. At the foot of the hill is an outcrop of red sandy shales of the Lower
Cretaceous Red Member. The Red Member, which occasionally also includes white
kaolin, occurs in the Ramon area associated.with the basanite, and it is well developed
in the eastern makhtesh in the same stratigraphic position that the basanite is missing.
Near Har Arod fossil frogs were found in the red shales, reflecting the existence of
lakes or marshes at the time of the volcanic eruptions. From Hill 548, return to the
main road.

Station 7: The Brown Cuesta (Giv’ot Reved)

The northward-tilted brown rock bed seen from the rim is composed of hard dolomite
with quartz grains. It makes up the upper part of the Mahmal Fm. (the top of the
Jurassic in the Ramon region). Walk along the road cut through the colored siltstone,
shale, sandstone, and dolomite of the Mahmal Formation. The formation is intruded
by an altered sill that is marked in the terrain by prospecting pits of white alunite
{KAl,, (SO,), (OH),}, the latter occurring at the contact.

Station 8: The “Carpentry” — Hill 545

The rock sequence of the Brown Cuesta is underlain by the sandstone of the Inmar
Formation (Jurassic), with a total thickness of about 280 m. A major part of the flat
bottom of the makhtesh is built of the rocks of this formation (Station 10). After a few
hundred meters the road reaches the junction of the track leading westward to the
“Carpentry” (Hill 545, coord. 1344/0028, about 600 m from the main road). Stop at the
parking area and walk along the signposted trail. Part of the hill is covered with pris-
matic pillars of hard quartzite, having 3 to 8 facets; these are 3—12 cm wide and 20-80
cm long. The pillars occur in beds with a total thickness of about 6 m, outcropping
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along 60 m. Countless fallen pillars cover the hill slope, reminiscent of a carpenter’s
yard (Fig. 5).

Additional “Carpentries” are known.in the Ramon: the Eastern Carpentry (at the Ardon
Valley), Giv’at Harut (Nahal Ardon), The White Carpentry (near Giv’at Ga’ash), and
the Western Carpentry (near the Ramon Pass). Features in common are:

a) occurrence at the upper part of the Inmar Formation;

b) occurrence of the prismatic pillars in irregular patches;

c) similarity of the jointing system to that of the surrounding Inmar sandstone; and
d) nearby occurrence of magmatic bodies but with no direct contact with the pillars.

The formation of the quartzite pillars is still an enigma. Quartzitic rocks occur in the
Ramon in a variety of geological environments. Most conspicuously, the walls of quartz-
ite on both sides of kaolinized dikes intruded into the Inmar Fm. sandstone (Station 21;
Fig. 8). This quartzitization seems to have been connected to hot fluids that accompa-
nied the magmatic intrusion (Bentor et al., 1966). In a few sections of these quartzite
walls prismatic pillars are seen, with the long axis perpendicular to the dike, presum-
ably formed by cooling-induced jointing (Station 21). On the other hand, single quartzite
walls not connected to dikes cross the Inmar Fm. sandstone as well, most probably
formed by low-temperature water—rock interactions. No prismatic pillars are found in
the latter. The pebbles of the Arod Conglomerate (Station 6) are cemented by hard
quartzite as well, demonstrating low-temperature formation of quartzite. Dikes and
sills are seen in the vicinity of the Ramon Carpentries, but the pillars occur in an
irregular geometry, revealing no direct relation to the magmatic bodies. Hence, it has
been suggested that the quartzitic pillars were formed by hot fluids that accompanied
the igneous intrusions and infiltrated into the sandstone (Mazor and Cohen, 1987).

Station 9: The basanite prisms at the foot of Mizpe Ramon

Nearly 2 km westward of Carpentry Hill (coord. 1324/0018), between two basanite
hills (604 m and 606 m), there is an impressive wall made of prismatic pillars (Fig. 6).
They were formed by cooling-induced jointing, enhanced by weathering. Prismatic
jointing in the basanite can be seen at various points in the Ramon. Return to the main
road.

Station 10: View of the kaolinite quarries and the Inmar
Formation rocks

The next stop is at the roadside, about 1 km after the junction to the Carpentry (coord.
1358/0028). To the east are seen large open-pit quarries of kaolinite (Harsit Vechol
Sach Co.). The kaolinite, a white clay composed of aluminum hydrosilicate
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Fig. 9. The Tall Dike at Nahal
Ardon, intruded into rock
beds of the Ardon and
Mishhor formations. The up-
per quarter is offset to the left
(north) where it is crossed by
a sill.

Fig. 10. An overturned block
of Turonian rocks, adjacent
to horizontal beds of
Senonian flint and chalk; the
SE wall of the makhtesh, near
the main road to Elat. The
Ramon Fault zone exhibits
thrusts and bedded gliding.

Fig.11. A small stock of
quartz-syenite intruded into
the Triassic rocks, here
faulted against Cenomanian
Rocks; the SE wall of the
makhtesh, at the exit of the
mainroad from the makhtesh.



(2H,0.A1,0,.2Si0,), contains delicate imprints of fossil plants, indicating sedimenta-
tion in lakes and marshes. The white material (low in iron traces) is a major raw mate-
rial for the production of white porcelain and sanitary ceramic products. All around are
seen the rocks of the Inmar Fm. (the continental middle part of the Jurassic section of
the Ramon): light-colored sandstone with lenses of the white kaolinite and dark layers
of iron oxide-cemented sandstone. The sandstone contains fossil branches and trunks
of continental plants.

Station 11: Nahal Ramon dry river bed

After 1.5 km the road reaches the dry bed of Nahal Ramon. Park near the road and
walk westward in the river bed for 1 km. The river bed is incised into the surrounding
rocks. On both sides of the river bed are terraces, their levels rising away from Nahal
Ramon, indicating that the present river bed is the last stage of a process of gradual
incision (Mazor, 1988). The terraces are the lower extension of the pediments of the
type seen at Station 1 at the foot of the northern wall of the makhtesh. The terraces
document erosive incision stages that were triggered by the gradual subsidence of the
eastward drainage base in the Arava segment of the Dead Sea Rift Valley. Archeologi-
cal remains — stone circles of a camp of the Bronze Age — are seen on the lower
terraces. The pebbles in the river bed reflect the variety of rocks exposed in the drain-
age basin of the makhtesh and are only partly rounded, reflecting the low erosion
energy of the present Nahal Ramon. At the beginning of the walk, we pass cross-
bedded sandstone of the Inmar Fm. After a few tens of meters we cross a small fault
(Fig. 7) in bedded rocks of the Ardon Fm. (a partly marine unit of the Jurassic). The
fault plain is marked by iron oxide mineralization with delicate striation, reflecting
vertical movement. A gray sill, intruded into the marine rock beds of the Ardon Fm., is
identifiable as of igneous origin by white kaolinized ghosts of feldspar crystals. The
~3-mm-long crystals are oriented parallel to the adjacent rock beds, marking the direc-
tion of magma flow. The sill and its companion rock beds disappear after a short dis-
tance at a second fault. Continue to walk and admire the “paintings of nature” formed
by iron oxide solutions that moved through siltstone and mudstone of the Ardon Fm.
After a short distance you will pass a fallen rock block with shallow-water ripple marks,
and behind this is a vertical channel in the rocky river bank which hosts a dike. Return
to the main road to continue the excursion.

Station 12: Conglomerate and red soil of the Ra’af pediment

Blocks of a well-developed conglomerate are seen on the western side of the road cut,
about 2 km south of Nahal Ramon, at the junction of the track to Nahal Ra’af and Shen
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Ramon (coord. 1374/0014). Large blocks of conglomerate were moved during the
road construction, exposing a section otherwise concealed beneath the desert pave-
ment. The section at the road cut reveals a well-consolidated conglomerate at the base,
cross-bedded sandstone above it, and red soil with pebbles at the top. This is a cross
section through terrain formed by the Ra’af pediment that has a well-developed desert
pavement on its surface. This widespread pediment marks an earlier stage of erosive
incision, when the makhtesh had a flatter bottom. The paleoclimatic meaning of the
red soil (wet and warm climate?) and dating of the cement of the conglomerate are
under study.

Station 13: The “Chocolate” Shale

Quarries of dark brown shale are seen on both sides of the road, 200 m after the last
station (coord. 1375/0014). This rock bed, locally called the “Chocolate” Shale, is part
of the Red Cuesta sequence of the Ardon Fm., the lower part of the Jurassic of the
makhtesh. The shale acts as an aquiclude in the Ramon, and above it are local perched
groundwaters. The shale is mined for the manufacturing of red roof-tiles.

Station 14: The flint clay pockets

A few tens of meters after the last station one reaches the junction of the track leading
eastward to the clay treatment plant of the Harsit Vechol Sach Co. A 100-m-walk on
the track leads to an abandoned open pit quarry, exposing a cross section through a
karst-like cavern developed in the top of the Triassic limestone (coord. 1363/0028).
The cavern is filled with red iron oxides (resembling laterite) with pockets of whitish
flint clay (kaolinite enriched with aluminum oxide, resembling bauxite), both occa-
sionally with a pisolithic structure. The flint clay and iron oxide belong to the Fm. of
the base of the Jurassic in the Ramon area. Eastward the flint clay lenses constitute an
almost continuous rock bed (Goldbery, 1979). The mode of formation is not clear —
the deposit resembles lateritic soils, but no candidate source rock is in sight. The flint
clay is used to manufacture fire-proof bricks to isolate high-temperature industrial
furnaces. Return to the main road to continue the excursion.

Station 15: The bituminous limestone of the top of the Triassic

After 50 m, the road crosses beds of gray bituminous limestone with stromatolites and
ripple marks that indicate sedimentation in a shallow sea. This limestone marks the top
of the Triassic sequence in the Ramon area and belongs to the upper member of the
Mohila Fm. The rocks of the Mishhor Fm. overlie the limestone and fill caverns dis-
solved in it. Beneath the bituminous limestone occurs the gypsum sequence of the
middle member of the Mohila Fm.
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Station 16: The laccolith

After 200 m, a large black laccolith occurs on the left side of the road (Fig.12; its
center is at coord. 1393/0015). As seen from the road, a dark bed of andesite, belong-
ing to a sill imbedded in whitish beds of gypsum, underlies the olivine gabbro of the
laccolith complex. Climb up the hill to see the laccolith valley. The laccolith has been
tilted along with the Ramon anticline and the erosion truncated it obliquely, providing
ideal exposures through this intrusive body that has a 3-km diameter and is 60 m thick
at its center. The laccolith has been intruded in several stages and it is crossed by
several dikes. For a more detailed excursion, see Rophe et al. (1993). At its edges the
laccolith merges into a number of sills that can be seen in the gypsum section for about
2 km eastward, in the Mobhila fold, and about 5 km westward, up to the Shen Ramon
area. A transect through the laccolith has been marked by geological bench marks, as
part of the Ramon Laboratory of Nature concept. Please do not enter the laccolith
valley by car; park beside the main road. Return to the main road to continue the
excursion.

Station 17: The gypsum quarry

Gypsum quarries are seen on both sides of the road near the laccolith. The main quarry
is on the right, hidden from the road. Enter with caution, as some quarrying may be
going on. The huge quarry provides superb exposures through the Mohila Fm. —
gypsum beds, alternating with black shale beds, crossed by dikes and sills. Gypsum
(CaSO,. 2H,0) is precipitated from seawater when it is evaporated to less than 1/3 of
its original volume. Hence, gypsum is usually formed in near-shore lagoons. The suc-
cession of gypsum beds and shale beds reveals repeated cycles of regressive lagoon
regimes and transgressions by the deeper sea. Commercial exploitation is for the ce-
ment industry. Portland cement contains up to 6% gypsum, needed to retard the solidi-
fication of concrete that otherwise occurs quickly.

Station 18: Be’erot Mishhor (Mishhor wells)

After 1 km the road reaches a junction with a track going eastward (coord. 1392/
00060). Turn left and drive 4 km along Nahal Afor through the gypsum landscape,
passing the laccolith on the left, until the Mishhor wells are reached (coord. 1419/
0034). The site is marked by tamarisk trees that indicate the presence of near-surface
groundwater. A small ancient well, 1 m deep, is seen at the foot of the Mishhor Hill. On
the hill are seen ruins of houses dated to the 7th century. The Mishhor Hill provides a
good view of the “bends” of the gypsum beds and intruded sills that constitute the edge
of the Mohila anticline (left half of Fig. 12).
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The Nature Reserves Authority dug two more wells, protected with small stone struc-
tures. The water is slightly salty but potable. The composition (mg/1) is:

K Na Mg Ca SO Cl HCO, total

4

6 190 79 116 547 135 357 1430

In dry years the wells dry up. The aquifer is in rocks of the Ardon Fm., whereas rocks
of the Mishhor Fm. act as an aquiclude.

Station 19: The Meanders of Nahal Ramon

The track passes the Mishhor camp site, and after a few hundred meters turns east,
crossing the dry river bed of Nahal Ramon (coord. 1429/0036). Nahal Ramon has its
head at the western tip of the makhtesh, and it flows for 35 km in a NE direction. At the
present point it bends sharply to the south, meandering to the Saharonim Gap where it
leaves the makhtesh. At its long NE section Nahal Ramon follows the contact of the
Inmar Fm. sandstone with the underlying hard rocks of the Red Cuesta of the Ardon
Fm. In its southward bend the river bed continues to follow the Red Cuesta, which
turns south with the flank of the Mohila anticline. Here, Nahal Ramon is up to 200 m
wide, with well-grown tamarisk trees. Fresh groundwater was encountered at a depth
of 18 m in a borehole drilled in the river bed.

In its long NE section Nahal Ramon has 8 terraces, the highest one 38 m above the
river bed. In contrast, at the southward-meandering section only 2 low terraces are
seen, indicating that this is a relatively recent river section. A recent study raised the
possibility that originally Nahal Ramon flowed eastward and left the makhtesh through
the Nahal Holit Gap. Accordingly, the present bend of the river to the Saharonim Gap
is recent and resulted from capture by the evolving Nahal Neqarot (Ben-David and
Mazor, 1988; Mazor, 1988).

Station 20: Ancient tumuli at Ramat Saharonim

The track crosses the river bed and reaches a junction with one road south to Ein
Saharonim and the second leading eastward to Nahal Ardon. The excursion continues
along the eastward road, which climbs on beds of gray limestone and dolomite of the
Ardon Fm. This is the small plateau of Ramat Saharonim. On both sides of the track (at
coord. 1437/0033) stone piles are seen, called tumuli (singular, tumulus) by the arche-
ologists. These structures are known throughout the region and in most cases served as
burial sites of nomad cultures, mainly during the Bronze Age. Leave the car at the
marked roadside if you wish to visit the ruins.

The road continues for 1 km on the plateau up to its eastern edge, which provides a
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view of Nahal Ardon. The road ends here; leave the car at marked parking area.
Station 21: The positive dike and a view into the eastern makhtesh

The trail from the edge of the plateau starts near a positive dike, i.e., a dike “wall” that
withstood erosion. It is built of weathered trachyte. Try to trace it in the area. The dry
river bed ahead is Nahal Ardon, and the prominent dark hill is Giv’at Harut.

Station 22: Giv’at Harut

The hill of Giv’at Harut (Cone Hill) is a major reconnaissance point for the eastern
makhtesh. The climb and descent require 1.5 h. Cross the river bed of Nahal Ardon and
take the trail that ascends Giv’at Harut from the NW. Giv’at Harut is built of sandstone
of the Inmar Fm., and resisted weathering thanks to quartzite walls formed by dikes
that intruded the sandstone. The trail passes a number of channels, formed by the weath-
ering of soft kaolinized trachyte dikes (Fig. 8). The quartzite walls were formed at the
intrusive contact with the sandstone (Bentor et al., 1966). The kaolinite is reached by
digging in the sand that fills the space between the walls. The top of Giv’at Harut is
ornamented by quartzite pillars, another Carpentry, smaller than the one at Station 8.
Here too, it seems that the pillars were formed by the activity of steam or hot solutions
that accompanied the intrusion of the adjacent dikes.

The top of the hill provides an excellent view of the makhtesh. Of special interest are
the many ridges in the terrain of the Inmar Fm. sandstone, formed by the weathering-
resistant quartzite walls of the kaolinized dikes. The Red Valley (coord. 1462/0037) is
marked by its walls, and the Red Member shales found in it and around it. The dike
ridges do not cross the Red Valley, indicating it is a relatively young feature. For a
more detailed excursion see Baer (this issue).

Station 23: Ein Ardon

At the foot of Giv’at Harut, on the bank of Nahal Ardon, is a small spring, Ein Ardon
(coord. 1451/0028), recognizable by lush vegetation. The spring flows most years but
following a dry winter it occasionally dries up, and from time to time its outlet has to
be cleaned of accumulated soil and plant material. The water emerges from the Inmar
Fm. sandstone above the impermeable shale of the Ardon Fm. The spring location is
possibly controlled by a dike seen to descend from Giv’at Harut. The water is potable
(when clean of mud and algae), and the composition is (in mg/1):

K Na Mg Ca SO, Cl HCO, total

7 180 99 126 577 184 333 1506
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This composition resembles that of Be’erot Mishhor. Two wells were dug by the Na-
ture Reserves Authority on the other side of the Nahal Ardon dry river bed. They are
covered by stone structures and occasionally contain water. The water is relatively
mineralized, reflecting the proximity of gypsum of the underlying Mishhor and Mohila
formations.

Station 24: The Nahal Ardon dikes

The eastern wall of the little gorge of Nahal Ardon hosts a number of dikes, exposed
downstream from Ein Ardon. Their original composition was basanite but they are
weathered and kaolinized. The following dikes warrant some description:

The Father and Son dikes are the first to be met, so named because one is short and the
other is tall. The “son” dike stopped in the Mishhor Fm. and the crack above it demon-
strates the opening of joints by intruding magma. The “father” dike crosses into the
overlying Inmar Fm. sandstone.

The Black Heart Dike occurs further on, so called for its black (fresher basanite) inte-
rior. This dike has different inclinations in its different parts. At this point notice the
“chocolate shale” in the upper quarter of the river wall. At its base is a hard brown-gray
rock bed, similar in appearance to the rock of the dikes. This is a sill, named the Choco-
late Sill. Interestingly, the Black Heart Dike is cut by the sill, and at this point the upper
quarter of the dike is shifted to the right (south).

The Tall Dike comes next (Fig. 9). Its upper quarter is shifted to the left (north) at the
point where it is crossed by the Chocolate Sill (Fig. 9). Thus, the shift is in an opposite
direction to the shift of the upper part of the Black Heart Dike.

The Broad Dike follows, its upper quarter shifted to the left. Further dikes are intruded
into the rocks exposed along the walk down the dry river bed.

The intrusion of the Ardon dikes is explained by two competing hypotheses: the tradi-

tional one, of vertical ascent of magma from a deep chamber, and a hypothesis of

lateral intrusion from a rather shallow magma chamber (explained in detail by Baer,

this issue). The following observations were interpreted in support of the lateral intru-

sion model:

a) on the dike wall are small ripples with a dominating horizontal direction,

b) the shift of the upper part of the dikes is in different directions, resulting from
different directions of intrusion above and beneath the hard Chocolate Sill that
accordingly intruded earlier; and
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¢) many of the dikes seem to have a radiating direction with a focus at a point outside
the Ramon, presumably the location of the magma chamber.

However, the following observations support the vertical intrusion model:

a) Striae and ripples represent the very last movement of the nonconsolidated magma
relative to the intruded rocks, and may be due to resettling of blocks in an entirely
different direction from that of the magma intrusion;

b) the shift of the upper parts of the Ardon dikes suits a horizontal resettling movement
of the rocks above the intruded Chocolate Sill, including the upper segments of the
nonvertical dikes, that accordingly intruded before the sill; and

c) dikes cross the set of radiating dikes in many directions, and hence, a large number
of lateral magma chambers is needed for the lateral intrusion model.

In contrast, in the vertical intrusion model all dikes could originate from a single magma
chamber, ascending within different systems of jointing.

Station 25: Nahal Ardon-Nahal Harerim junction

Nahal Ardon joins Nahal Harerim at coord. 1458/0019. The junction overlooks a number
of important features: the SE wall of the makhtesh, the Ardon Valley, and the Gypsum
Amphitheater (Mohila Fm., west of the junction, entrance at coord. 1454/0017). The
joint Ardon—Harerim River joins the Neqarot River, tangential to the SE wall just out-
side the makhtesh.

From the junction there is a possibility to return through Nahal Ardon to the car and
drive to the next station, Ein Saharonim, or to proceed to the Ma’aleh Dekalim ascent
to Ein Saharonim, following the Ramon Fault for about 2 km.

Station 26: The Ein Saharonim Area

Ein Saharonim is recognizable by the dense water-loving vegetation. The spring flows
in exceptionally rainy seasons, but most of the time it is necessary to dig for 1/2 to 1 m
to reach the water. The water is salty, but potable by animals. It has a high sulfate
concentration, indicating saturation with respect to gypsum.

K Na Mg Ca SO Cl HCO, total

4

10 254 120 676 2180 268 286 3794
Surprisingly, it was found that the water is devoid of anthropogenic tritium, and hence

it is older than 30 years. This rules out an origin from flood water stored in the gravel
of the river banks, and indicates remote recharge.
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The ancient Saharonim road station. The hill east of Ein Saharonim hosts a large square
stone structure with a double wall divided into rooms, and a gate on the northern side
— a common plan for a road station that provided services to trading caravans. Exca-
vations revealed pottery and coins that indicate the place was active in Nabatean—
Roman times for about two centuries around the beginning of the common era. The
location is on the Spice Route that connected Jordan and Arabia with Europe. Stations
along the road were at one to two days travel distances, the local section of the road
including the following stations from south to north: Mo’a, Negarot, Saharonim, and
the city of Avdat. The nature of the traded merchandise is not known but they must
have been commodities that (a) were expensive, i.e., had a high value/weight ratio, and
(b) originated in the East and were appreciated in the West. Coffee and drugs were as
yet unknown, so scents and spices are a plausible possibility.

The outlet of Nahal Ramon. Follow the dry bed of Nahal Ramon to the nearby Saharonim
Gap, through which the river leaves the makhtesh, and after 1.5 km joins Nahal Neqarot.
The outlet through the Saharonim Gap is an impressive canyon, cut into the Saharonim
dome, built of the rocks of the Triassic Saharonim Fm. The river passes the Ramon
Fault and continues through Cenomanian and Turonian rocks.

Return to the parking area to continue the excursion. The next station can be reached
by driving 5 km westward through Nahal Gevanim until the main road crossing the
makhtesh is reached, or by returning through Nahal Afor.

Station 27 (coord. 1396/9997): The crossing point of Nahal
Gevanim and the main road

Crossing the makhtesh, it is seen along the road that the rock beds are gently tilted to
the north and only at the last kilometer, near the SE wall of the makhtesh, are the beds
tilted to the south. Thus, the Ramon structure is an asymmetrical anticline or a monocline.

In Nahal Gevanim, east of the main road, an outcrop of the Arod Conglomerate occurs,
marked by small quartzite pebbles cemented by quartzite. The Arod Conglomerate
marks the base of the Lower Cretaceous Hatira Fm. in the makhtesh, and it overlies
dark limestone of the Triassic Saharonim Fm. Thus, at this point the unconformity is
maximal. Nahal Gevanim flows in the Hatira Fm. sandstone and small outcrops of
basanite and the shale of the Red Member are seen as well. Hence, at this point there is
no indication of a vertical offset due to the Ramon Fault.

Here the southern wall of the makhtesh includes an overturned block (Fig. 10). Nearby,
outside the Ramon, are seen two table mountains, Har Marpek and Har Katum, built of
hard dark flint at their top (Mishash Fm., Senonian), and white soft chalk on their
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slopes (Menuha Fm., Senonian). This is a small assortment of the complex features
seen along the Ramon Fault line (Garfunkel, 1993).

Station 28: The Gavnunim intrusions and Har Gevanim

Near the southern exit of the main road from the makhtesh is a junction with a track
that turns right (coord. 1395/9997). Follow the track, and after 200 m you will enter
the narrow valley called Gey Zochalim. The facing slope of Har Gevanim exposes
fossiliferous limestone, shale, and sandstone, mostly of the Saharonim Fm. Along the
climb to the top of Har Gevanim you may encounter ammonites and other fossils —
please do not touch them! The stratigraphy of the Triassic rocks at this place is dis-
cussed by Benjamini et al. (1993). The top of the hill provides a superb view of the
interior of the makhtesh.

Small intrusive stocks of quartz-syenite (Fig. 11) are exposed in the valley between
Har Gevanim and the SE wall of the makhtesh. These intrusive bodies are similar to
the Shen Ramon stock, located 3 km to the west, and seem to belong to the same
igneous complex. The dark-colored stocks, named Gavnunim in Hebrew, are intruded
into sandstone, siltstone, shale, and limestone of the Gevanim Fm. Stratigraphically
this is the core of the Ramon. The contact of the stocks with the intruded sediments
contains mineralization phenomena described in detail by Itamar and Baer (1993).

The Triassic type section has been marked by small signs with the names of the
stratigraphic units by workers of the Ramon Science Center.

Here ends the introduction to the Ramon National Geological Park. Enjoy your visits!
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NAPN MIND PPIY-NIIN JPINON

DPIINN NTH 1379 PN IMND PYN NN (Benjamini, 1984) PININN 1IN PR
TONVHN NN DYNPYPOVIN PAY NNP-DITTA HMNHAWN NVDN W pa
JPINNI YOIPOYTN TNNN (77 6 DMVPN) TPNON NVYPN DY DONPN NOWNI
DYOVDN (DXNTY) DYYDPINS DYONNAY 1PINY 1NN TR 329 NN NONN
MINON DNVN PPIY NPNT 29PN DN DMIDMNN WND (DY)
AMNAD NN N MND TINY WD) DV DY DM DIP) ,THY qONA
2P PIAIND 1IYY MOUININD NI9N TAND (7 TWN) NI DY DPINIPOIND
OV DYON¥OYI] (condensation) TPNDITNP DY TYNN TIND YOIN TPNVINTO

.DPONAP NY DMPOIN ODDIND DX TAYH DPNN DMINIPNND

-2y (correlated) YONTN (8 TPN) PRN TN D2V DONNN DONNNIPN
M09 APYa NYPYN M0 YV DMOIN DINN 1DAPNN P-Zones 7 VY
TMNODM DN DYON DMPY NAGYHRN ,DWPN IPNODN MY MIVINDN
MNNNN2 MN¥DI DN DI NI MDY 1 .(9 TIN) IPN TPINOPIVD
NN VYO [(1987) Haq et al. HY TPNNYN NMPYI DN DMNPYN DY
29DIVOPA DIVNN NN (NMPYY NN NN NNY) NN JINN 02
2y PYN N YIPN DPONMIN DMITRN DIRIND MNN NN NAWIN (10 IVN)

JODIPN NVPY NN

9872 VDY JPINON- NN JPINND PO ISP PRY MRD DN PSM NN 0N
NNEN) PRN SV NP DPYN DPINA MINNN POPPI NN M0ITO
DYV DONNS DNNANN NN NIAN POV Tiya (Mysp

(1 99N) 990 Ny .2

1NOVY TN - 11199 N8N YA T8Y NPININD INNEN 11 NINN
(1 99N ,8 YN) (144/977 .8.))

YRV NPVI DY NPV DYDY MPIANND 20NN DD NPINND THND
TPYPN 1I2PY 059 DNONND DNVPP DS TN MDD P NPINONIVD
DMONNN NPODIRP MYNM vugs NYNNA PONRD THNN DV POYN PoNN
T2 Yy NYANN R YN TNNA NDIN DY TOVNYP NPINNNA DNRINNN)
N PONNN PONNY TYya TPV N0 (N0 7PN TNN DY POYN ponny

JPONMS-TINTNIN N0 NN

NTION MNMOVPIVD DDAV DYDY MPAND NPYND NN PN MDY
DN 12 10D .DVPON'T PR MNVDPY DY ,D2NY DXOIVN (load structures)
NNV YW DN MPAN .NYDN 1N2Y ROV MIDHMN PAY 1322 DI DION?
NMIMOINND NYIVIN MIAN ;W) ROV YNNNN DNOY DXONISNIPINI
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{6 N) NMMNBVYON DYy DMONAMNNY DPOIMNT INVYY OONM  Alveolinids
Buxton &) NN NNNXT MIN PITHN NVMIND JTPFHR NPNY NN FTYN2
(Pedley, 1989

DMIPPNNG FPYA 270N NOPPY MNITTN 19INT DY DX PIN IO PNRN I
DYONM) DYONINS 171 ,ANN N9 NVWN N 2P PNOPIZONN DPNVPIDD
,(Boukhory & Abdelmalik, 1983) NPYMOPIVD MYHID 120N ,DMMPN DPVM)
VN MO .N0N VPN HY NOYND MONYNRN YR NIMNI MONI jra
TNNNN PONDY DUNPIND N2IY NNBN PYNY NN N99N IMND NN MPONND
-1 Benjamini, 1979, 1993 12 ;Biju-Duval et al., 1977) (intra-shelf basin) 72239 1IN

.(Buchbinder et al., 1988
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(T901 NMSN DDA -NNIND POIN) WON MN HY WHNOPIVD NON 3 N
| [
DPIPYYN DPNYNN DY MIVIV NHDNT 7P0NPA

-9y NYAPIV DAV TIRD NPNYNN 2201 20N DM HY NPHN NYINT MY DY
DYV 600 DY MYV NN ,(2ID) 229YNN PIN DMIPYR DP»T 5 MODN 29
MDA MPIYIN ,NMIAYN MND 2N DMOMPP 55 DPIINN DI 122
MPYS MYNN DY MDYN 7o )Prhs NONY NAWN NNN ¥ Mnnnnn

DAV TINRD 1PYosinm

5y MIAN ,AMPNN-PIA NPIAVN P SV NONN YOPN (1997 9aN) P2 43V .3
D»27YNN DYV TIND NAVNIN NWHR-NOY-NOY D2 NVIYN MP NOWH
-3 NI 19MNY 22VHN NPYRN MPW ,D0MPP 30-D 12Wn TIN Ypan v

DMLY 150

IPININD YITND

DIP’Y2 ON MIANATWN YN DY DNIYHR-NIND DNV OMIPINRN DYION
A Nummulites ©2720N D)2 DIPONNND DPOMIN DPYNN .DPOVNIAWP
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MDA HY PONN NADNNN ,(JPIY-NIN JPINN] TIVN NNIN NNAND 1IN
(IP5Y PN MNP NNEN DM DNIAND D DX DPNOPP MPAN NP
POYN NPINT PIRNN-NOPPI MNOPP-D) 1) DY PONN NDDIAT NIADNHN

Y ANINN

(1967 9P 11967 ,Pt ;1975 ,11199) NNN-)2) NINPN-0 NNANY NALN NNSN

YOPIMNN VIMZINP NN DDA (DI NYIJYN NADNN NIASN NNNN
IN )P MDY IN POPD DPMIVN DY (NTAY NNIANK M) DY DPIvM DMITN])
NN 0N ;([PYN VI9) MIN P HY DT NNNN PHYN ; (PHY VYY) 2PV MV
(URYI NMENHD STNAND PN N NTIY NNIAN V) 0PN VIMDINP TN
0I9) MMNONYT MMITIN ,MANY NPOIND OMINSNH OMPY DY V) MDA
MMYNN | (Zilberman, 1985) N27Y2 DMINN MMPNI WD MDD MNI (1yoN

DMLY NN¥NN

NAOWHN (1997 2IAN) NATY NNEN TP HRNN-NI DN NASN NNSN HYN
VNODIN NN D) APEPII NN NTIY NNAND N PY) WOPIING VININPN
NN NNNN YN .DTHTR MPOINVPD DPIVN DY (WNWHD NNSNN T NND
DIN-DYTR INNNND N DTN TPOIM VPN NADNHN (1997 N1)) NRNS

P MNNSNN Y¥ DIaND DY 20N TN

mMAan NPPY

POYY MMIN JNAY MUNIANY DAY MOWYN ¥IYY MOYN) WON MNA
NYHPPOVIN) VIDP 22N NY DDYN) ADNIA (3 TN) 2IYN-NINN NRN-NOY
AN NNN-NIN-NONY DN G DIMIN DIPPIY (W N1YPIDY YIYY NNNYD
(19 HNI5 M) NMIAYN MN DY TN PONA (¢ N NHNNNA 2N
2WN-DYYTY IR Y NN D0 PN SV (400 TY) NPN N99D NI
D22 NN PI2-NNII APYA TR ,NTIAYN MN 9O )N 3w 19bd
,DM0N 70-0 YV NYIWM DIVMPP 1-2 DY D) MOMN DY DMNY DXVNP

29YN-NOND DIMNDN DIPVNY

(5 PN) DN MNI DPYUNIN DPHNOPINVDN DXVINOND

DYVT-NOY OH9ON MOV MOVPVIYNN PrY (1994 ,31093) NAWN YA .1
APON MNI 2PU-HNIW MIN-NM 22PN NON P NN TIND YINYNN
YiPan 5200 0N MND 79N ;NYNN-D-NAIYN H2WA NRHN YPan Sann
NTY PR NAND PR NI T DT NNIH DWW NN DY 19N 12 2NN

J29y0 DP9V Nav DV nYpd

TIDIN TN PPN NYDN 72V :(Zilberman, 1985 ;1974 ,21993) JINS 93V .2
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(1994 998 91O ;Flexer, 1968 ;Shaw, 1947) ©I918N-9D HNaN

(1YY 199P) YR NNNN NN DN MNI NAYNIN NP DPNYN PPN
NN PNNNN NPHNT NYN 1PN NDIDAYI Y1YPION DNINT IND NYNNDN
27y NNIN NN YRYID NNSN HYN 090N VIS NN POYNYD N8N VI
POVPN POYN NPON ,NND MMV INNNN NDYDI NANNN L(VIIOONND)
NPONA NN (JPINONY) TPPRO NNKN NNNN TPOYN .DPINN INPN VN2
("N V") MINNN POPP INONA-PID POYN NPOND PIV IRNNHD PANNN

(Braun, 1967; Benjamini, 1979) 573y HMan

TNNNN-NI NNND NTAY NNIAN D02 NX INNND L (PANN JPINR) NN NN
DYPON DY ,DTHTNR-127 NN NOPPN NADNND NNSNN FPPRY NNSN 13-y
PNNN V9 N (NN JPINN] 1ING NNSN DANHD OYN N8 MYTY Hv
SV DPON DPANY WIIN-NVPP-T) YT POVP W PO NN 25NN
DY OPYN INVPP-D) HY 20N NIANWND DTN 1DNHN POY VI NN
NNXN YYD PDON NPNVPP MR D) 9910 OYN VIdN JIND PN HY
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JINS AN DY N335/ MOINVIVDIMIN
*NIIN

#2499 8 L 1PMIND INNT

YAV-INI 2033 1991)-13 HVIDIDNN NN NPINNPN?
DYYIY INDINNIN )NINN?

DITVIN ,NIaYN NVIDIDNND ,INDINND NIPONNH?
IMNSN AVIDIDNIND ,INIINND NP NN NAINS*
2AN-N1

Nan .1

P

,OM29YNN YPIAN WA DINN O MND DN’ TAYN (1 TPN) 1IN NON JW MND
NPOVINANM NPOINT MYMNN Y9V 12 DAVNIN DDNNN 209 1Y NPNIN
DIMANNN DXVININNN 17 PON IINE DY 17N IMADND IMN NINANNDN
SV NN NYINT MV SNN A DONPH NAYN DY DMIYHRN DPVN IR

JIMNIN NPVOYPN MNSNN T ,YPan Sv D»1wn Maw 20N

TN NPINVPIVD NPNNVINTO NPSIPVIVDIY NPINN ADWH Mt WD

JPMNONNN JIND PN DY PISIMNININDON NN WNAYD NN

3N AYON MIVN

Mysna ,mwoina MIPNRNn PN JIND PN 299PVIVDN NVN NISH 1
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21072 Q0P ' YPN97) 238 'MN9 IYNINA YNNNAN NOND)
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. TR-GSI 6/97

NNEN HY NYTN NP9IPVIVD NNOD 12 1997 2 VI X ATV 2 0P
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13990 YV 1NN HaYN TIIND DYDY .6

PYY 0IMDINP 1D WYNNN DM VI DNV THN PN DY NPONN
220N 10 1Y DX}ON 0NN TNNN HY NP MDD PONN Y "N NN
92VN SV NUNND N8N (11 IR) (1416/9705 NJI) NTY INA NP NNWPN
MVTN NYWHN MO M DIDNDN DNYN DY TIND NPIAY IRIBN )TN
PNONN MYNN 1PN ,NASN NNIN P NN NNSN HY MDY P2 TI9N
DN DM2VYN MY .NAIYN NNXN DY TN MO MIAOY DI PPNYN N PYSN
D AINY W DN 92V 1IN 12V IR NAYN TYHN INND TN 019N
NN HY 72V 1IN 72V YV NN DR TDIPHN NYSOINI IRD Y™

JOPON

TN 9N NN NAYHN HNSH T ,NANN HNENA B9 VY9 .7

D127 VY9 YW NV TNN GUNI (1383/9714 .X.I) 1IN DNI HY "M 229N3
DPoN 2NN VIMNINP SY MAOYA MATNNHBN MMTN NPINNN MOV
72V 13y SN NN MIAOVN T0) NI NN VY D OPINNR DYDY O”)
N TNN PON N8N ONIN DY NN 1Y . NYNND DINTH NN 1INON
NNNNN NI NAWN NNEN DY MY MNNHD DNYNHRN YA PPN NNLNA
VI9) VIMZINPN YA M2 NATWYN NNXN HY ThNN DD DI VI 1) DY
2D VI DY IVIND TANN .NANN NNXN HY D17 VI TINY NNNN (RIY
-NPVYDN MIASYH NNNIYNA D PNIAN PYAYD VN NHY VIS TIND NNNN
210V 5¥Y MMOUPIVD DR MPTH MDA DITR-DIND I Mbya nrhn

VAN PPTO DD AN

(12 99N) 1390 SY 198N 9avN NVWIN .8

92y ON NV PRYNN MM .1440/9763 .82 1AWN NYNN O YY1 YN
DIANNN 29PN D DMV NI DD PO MIYN 65-80 DY NMVIA 12NN
VIMDINP PNYNN NP NNVI NIANN NNIN TN TPPOIN NN DY 25 Dy

5y NOOM ,PINKN MY ANIY VYN NINN ,NIAWN NNXND TINUNN

M9 NnvH

MNNANND MTYI MNTTM RIIIN 2N DY TPNNNIN HNNONNN .1997 ) AN
0T NTIAY YA PINID PO NYHNN D2 DNODIW WY
DMWY PAYN NODIDIRD

(Y N 197) 1:100,000 2N HY TENANIN NONN L1954 Y )N 2 W2
DOV ININ NONN

NPSNOVPIVD NPYA - MO DD HY MDD NI DMIAVN .1974 0 ,20VN]
DMWY TPI2YN NVDIDNND NODT NNAY DP9 IMNNIND)

TIMNTN NAWN DY DMWNN DPNVYN DY NPNVPLYN 1970 .8 PN
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NIANN NNNN 22 DY NAWN NNIN DY NHRNNN X 2NN HY D" Mav
DY5WN MY NN NHNRNN NI DXDINN NN NNSN HY DINWNN YN 117980
2SN NNSN NN DPNYHM JANN Y

YINS NYYM MING 91999 139 YV 999910 Haun .2

MIAOYA NNN TRNN JIR 12V DY MO 12PN 00N DY MNIA 1) WO
MY MAN ,NANN NNIN DDA HY pNY V9D A1 NTAY NNIAN DY DN
TN 2VNATP N2 DTN OM NTIY NNIND 1N WNR O”P) DPYNN
MIA0EN ToNNA W WK (DDIVMIVD) MSN INT) DINSNDI VIMDINPN
MONON ,PYN V9 HY NPDON MIAOY DINNN) VIMDINPY Dyn OMMINPN
VNN NI VB HY MINNN-NN-IPOINN THNN DY PNNNNHIPYM NN )

LDMDTND PyaNa

(10 99X) NASN HNEN DY DIININ DPINI MNNNN IN .3

(OIN02R) MMTN NPDIN) PITY VI9 DY MDD PONA 22NNND MY MNA ThND
DIN AN PHYM ,VIMVINP 1DDIAIY YIS VIO NN NHNNN N OYN
JINS 92V 72y IN AT NP0 DIN DIANY NYYN 1Y) NAOWY NPOIN

ANMNN D02) NI VI8 HY TN MY YD YON V19 MDY MND

DPN DY 0 91N Y¥ MDY MANND JPIME NNNNN NI Yoy VI9Y Hyn
DMA VY97 DOPNVYNN NI NY" DIPYVY

1IND PNYN NP YoN VI9 .4

DINNND) W00 AN/ JING NOYNY FIMAT JINS 92V NAPIAY NvNna
I0YN PH) NTAY NNIAN DY NHNRNN NI ONNHD DNYD YIS VI8 DY DYOD
- OPON DYOD DN DNDYN (PIT) VI9 DY DIMISH TNN D) IND
DVYN) 09N Y MN 1YY NN NI DM VIY DOPNYHRN DPOIDINP
PNV DVY9N NN DIONION NANN NN¥N DY PNNNN PONN DY DY MHTHA

2O pwn

2N V992 "N VIMTINP” PYNN -NAYN HANSN DN .5

;DM V79 SY OYSHND PONI N¥N) (1428/9715 .8.)) NVNWYN NINN N1pPA
LOym NI N Y DT DN DOnn L0 VIR DY VI VNN
NNN/INH ™12 NN NN KPIZN HY DNYIBN NS X MP) V) PN 1O
MY TP9Y ¥ NAWM NN NINNN NITPIAY DINR DY VYNY N

JTATN NINY DN D1 V19 ON 72yNN IMN XY .DPONN
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MySn 191 MY N MOYN NN 12 MNOPPY TG PN ThnD D70 DPNYY
DONNID 1D 100-D Ty Py 2"NDA .DYDIN DXVINTON DY MYIASNNN HY MY
2P0 NN NN MNI IR DNPHY ,PON Y MNP HY DMONIN DPI1ON D)
YO0 DY NN NOM PINID VYN PPN NIAWYN NNSN 011D 12N N3
J2NY NN DY TN AMINN JTPDVPNYT TPIM DNNNN N NIASN NNSN
NN NNNN L URWD NNSN NTAY NN YV YO0 SY B DN NNYD

N 400-2 H¥ NN 1N MPAOR NVWN XY OYN NPOM TP NNSM

Y9N RYY 120N HY DPNYUN M2V DY NAWN NN YO0 OO0 59O THTa
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PPOND DYV )NANN 1IBNDIV "DNIPHN" DPIZNY TMPK NOSDIN DM IN3
2R3 NPNOVY NN NMIVN DY DPYN THNN D01 ONT DTN .OVIN
NOY 09 DY DN VINMVINPY DPDOLNP NYN DPIVNVY 1PN TANN NYPYn

(3 APN) 1NN PN NAYN NNIN D02 N8N

YMYNYN NPY DY NDYN ,0IMNPY DYN NANKBN,TPOOM TONANN DTN
NOYNN NN JINRN PRI NPNND VIAY PDVINP NN NNIRN INNI
YVTN PN DY D PYN PHYN VIMZINPA 1NN AN DPVINN DPONN DY

DYTN N DY PN WP DY

8.9) MINNY 1PN DITNIN N DY NNINY MY MONN 13 MND
(1457/9585

)20 10 (2N ONOIND) NAIYN NNSN HY VIMZINPR MNIA NNXNNY MY
20 N 5 APN) 29Y02 NPNY P AN PN P P RYIIN VYOI DY
9N) I D92)X N NANN NAWYN NNRY NP2 NOIWN YPYIN LIMDIMNPN
TN APYY 1NN NN NNIN NYPYN INND NPIAYY TINVPY NPON JIND
ON NONNM ANPNAY VONN DY NHNN NN ANSN (7 IN) NI DPIN
NYNINNY TPNOPLVN TPNNNTIN PHN NN R MDY NS NI PHy2 NNNN
DI9NY - NMY - P2 P - NWNN 22 DIONINN NVIAVD PN TR TIND
TY 2N PY MNI NAWN ONYN TN XM 10D 70 -2 1DMNY  (Avni et al., 1994)
Avni et al.,) TION T2VD YN NN 12,0298 N HY DPNRPR-DMMNVTN YOVYD
MNIN MAVYN NIV TINRND HDPHINND NN VN HNKY D9NN W (1994
N .DDINN N NNIAND MPAN N MNEN THNND M2 YO TP NN
(1997 DIAN) JINOIND TWIN 1Y "OYn IR MW" 1 DY T NN

(1997 1) "N OIN' DTPINN JPIVD»Y92 DYPNN NMY HNI Py TIND
DI PN NYPA NV DI, 221N PN D9 M) NLYA DXONIN GIN ININ
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LITHOLOGY Remarks

Young conglomerates in low surfaces along
the streams.

GROUP
Q-Q:|FORMATION

[THICKNESS

[SUBUNIT

L ine Sedi white Li and
detritic Limestone.
Much Fauna.

Zehiha

Red Paleosols developed in atluvial Sediments]
Limeston and chert pebbles with silty matrix.

T low and middle Pleistocene E—f |AGE

e a

S

Pebbles mostly small ( b axis not more than
20cm).

Dead

Silt and Sandstone mostly quartz and Feldspar.

Pliocene

Pebbles and bolders with Sandy Matrix. Mostl
Limeston and chert with few magmtic Pebbles|
Base does not allways exposed.

Arava Conglomerate

22 NMIPIVDYOVI9 MTA? HY 591 1970 IVDIONN PTINY THN 4 N
(N 5n) d"ay) T

NN ONR TOVUN WM DI NN NN NN NN TAIINDN WIN TUN)
MIPI 71922 ' 200-300 SV PXIYY NNN PIPN .TNIPI DN PP TIT IPNINN
MIPIING NI HY VPAIN NIWYN MNNANN YT TN DAYV 190N DNNY

.(Zilberman et al., 1996) NAYN NN¥N NYPYM

(1463/9535 .8.3) DYTN DNIENS - 11PN YN NAIY NNEN 12 MIND

YO0 223 DY MHINNN NI N PN DN MW QUNI ' 20 - 121y OIMIIP
5915 VIMINPN HY HY PNNNN PHN DPYNN GONN (¢ TN TPPRO NNNN
NNUN M9 NID NN NIANY OMIANPNIS DIPYVDMP YO0 SV DN
DYTN NN 1P1r292 DNY PPaNI DNYPYN DY NDYN (MINPMIN) Oponn
ALY DM MN VIMDMNPN YV DOwNN (1997 N%) MMITH 20N OR
NN NN NN PORN DY WYNN ONIND TN 22 P 35 - YTV
9N DY INONN MNMINN NN N8N NV NI Py TIT DI PYD ON-YP MNI
N9 OMTH MIPIFING DN) HY WRIN 9NN IN TANNM NN SN N
PHRYN TIT IPINM INY MNT NN NN NNN O NI (3 N INY) vwndn
DIOVNNI 1R VMNP NN PN 719N T2 PN YN 1WddD Oy HN) b
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DN 29WN-D1THY MR MIPIFIND IN) DY ¥Pn NN YY NIUNY
ON YD NN DX IPIND DI TN 1IN DN P PRV DN NYID MNA
150 =D TWND ,ANNP-NIN-NOYY  IPNN NOWN NOWN) M MND NN XI19n
DN NYI9 IMNI DIPYNIVY 29NN 17y1N DTN D137 DIJIY NOON N"p
NOND NN PANRN TYNI NN .NPNND PN IN NN WY IN 1TN) DY
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2(1 99N) 99900 MINN

MY :(1442/9907 .8.3) IWNN NHYNRY Yyn Mmasn 1 NIND
(359 2 DIIN) NAIYN NNEN NYPYN B2 JINN TY I9NNINNINDS

O WM PN DY PPYND 1N ,PIY IPIND UNID NHPIINN  TOSNN NN
TNND INNANN PIY 2PIND . 2IYN-DIVTY PNIN NNIN JIND IN) DY IDYN 1IN
Zilberman1981 ,92) 1100?29 TY) NDNN DXV 190N DYIY NN - PP
DMIN RN 2N N P2 VN NVPVISND N2) N MIP (et al., 1996 ;

2P DAY IMNTN 20N MNP

399N NN SY HPIN NIIYN HY I9IMNININTS MY

TPONYNAN NPIZNN 2Y ,N2YN NN DY DIOVNNN NN Y DDA IMNYN
DYDINT DV OO9IMNNNION IMMNUN DY (1997 NI 11997 2IAN) DINWNNN DV
NOTPN NPIN NN DPON TNND NPNND VI NYPYN 122 INNINNY
SN DN PR DY DN MYID NN NN DY TN ,NON DX225) (1997 IAN)

23 PR HNNN VNNN MMMYN NP WY RMYNN MIp)

thickness
(in meters) conglomerate consisting of local fragments
lake sediments along Nahal Zihor
5-20 : (Zehiha Formation)
Kuntilla Member (Na 2)
& fine conglomerate containing
pebbles of magmatic rocks
30 - 100 Kuntilla Member (Na 2)
lake sediments - limestone and chalk,
fossils of gastropods
10 - 20 Saggi Member (Na 1)

oy boulder conglomerate

(base of Arava Formation)

« Hazcva Formation (Nh) (Miocene)
sands and conglomerates

Cretaceous to Eocene formations
A~ (Judea, Mount Scopus and Avedat Groups)

JINAN PN N2WYN NNSN DY O0NOD MNNY TN 2 TN
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JPNOPON MPYON 2D TN MAIT RDIIN AN QN MNANONN 2A5W NN
MNNONN GIN NNYA VYN MPPYN DN NN ,NPIAY 7PONI NRVINHDN
17992 MNI WNINNY D7PIPND DOMPYN NNT DYDY NN PN MOWN
DYPHRYN TN DXTIMNHN DVITON DY D9IN DY 1Py 1YaVn 1PIvD»59)
IPPRM NVPIOP MYPIP INNSNN NXNNY NN DVPNRN 1PN DNAY MNPNI
TY NS DYPNN TN DNIAY MNPNIA NI TN 202 DPINHD DM MIN
MNI DPOPN DMPY MINNNN 20NN DNIYN TIND WNINN NP NS
NYNY DNATP DPYPMN YWY DNND? DY WHAYN NPIATHN NYINT 9123 DYV
PN 0N NN DYTPN JPIVD»Y82 MNI 7PNV NNNND NPNY DDPNRI NI

AN IMPNRNY MPYN DN 1D ,DPINN DD MNPN TN

201 HY NPYSN TPNNN TPNODNY INPH DI MY NapY 1) 0109
MMM MMTN

NONONN NPAYY NNIN DY TPNVPL MRS NYNIND IMNDN JPrna .1
M 2YV3A NNVIN MMITN 2N DDAV .NASN NNXN NYPYN 29V NN
NIV NI NI PNOYY NNLIN MNDD MIAN I RN 2NN .AND NOND
29YN-NRD ANPHN DOV NPV NP P DY XDOIVIN 19N

NP2 NOWN MNA NNNONN NPINKD TN TPNVPON TONNNSTY appna .2
NP NN NOWNN NN MIPI-)IND DNI DY 1PN NOWN VTN
TAT NN NAWN ONX RIIDM MNITN 2N DY NI DX NP2 M
20 TUNIA YNNI DTPINN 1PYYe WPYRIY T 2OV P SN P
JProsn

NN NMNSN NYPYIN NATYN O ORPINHDN DIPAND MOWN TIND - .3
WPYNM DT DVDYP HY MDY D) DOIMINP NIND NNNNN
TY IMND JPPYS - NNINN 923 .00 MY YN 50N P2y .DMIN
DTN 1PIvo»Hs

202 DTPINN JPIVDNY9I NYNINND TPOM NPV DY TNVPY MPYs 4
NYPYN NONNN 22PN NN NNNN NYPYN INRD IMVTM %50
NONN NRNIND DN WYPYR DNDINDS ,DIOININP SV PNHVPVID
DAY NMINT MYYI) NON NPNVPOVID MPN? PN NN

20N OV NNIND NN DTPINN JPIVDND92 TPNVPLN MPYIN TYNN .5
NP NN NP OOHN) MINNNNY N0 DN IMNTM RN
,DXOINZINP OV NITD JPIVDNI92 IYPYIN NON DINNN TIND .DVTN
NN SV NN XD MINNNNN IRNIND (Q1 - Q4) ©DY9N 19UN2
VTN PN

TPNOPD MY IMYNN NPAIN MWN TIND MINNNN NOVNRI -MNA - .6
VIV NP TIND NYON



N"P 20-30 -2 DNNVLIN NIAMMN NN Y19 HY DNIAWYNN PV IN NDIODNND
a0

1D PND DN 2NN 2YN DY DOPR NNINA NIANYHN  NNNDD 7PONN
SV DMINHDN DIMNY DN NAIYN DY NPYSN NNYPY NN NWHYTH P10
-39 NN 2NN 2PN NRDIBN NN PA NIAOVNNN HNKINDTN NYLNN

DTPMN JPVDNI9N NN ' 700-500

NN NPV NYTN 1P Y MNNONND INAN TNVPON TPNHNSTH TUNN
TYNA NNAM ,NYEN TPSINITNN NYINND NNXNY NIATY MNSN XNVUNN
MYa (Q1-Q4) NPHNAON YN NMNATH HY MNP YAIN NPNY JPIVD»HN
DVTAN DPNN NV DY M MHINNNN YT N L,DMOIN OYPPONN
TAN 99 723 KY INNANNVY XN MYPIP 29N 1YY DY Y0 DN MYSNHNI

20NN D) NN WIAPY 117 D090

DY079) NN NI MNYWA Q2 DY 223 DY INYNI VN MAMDN T NDIAN MNN
SV POYOIX T DY INMODY YN MMNVN DPOX JIND D) WA DTN
=19 DINSNNN NDY NONN JPIVDNION NNPNA 22 PNY O PPN
990 DMYPN N2 PN TN RN OPIN DYPYN DY DHYP DPNOON
N9 DMNY DMOPN DININ DY DNYP DY DIPYN T AT MNSD NNIN

NMM MMIVTN 22 NMPPNNY ,DPNY NNNYNA

DNV DPN 1Y TPONY MIVN NYIN 1N DYVP DDWVWNHN MMPN 190N1
NI NN AN PYNNN WM SN 1NDD) PHOLN TP INITIN NYI DIANYN
WNINNY D?N0PVINND DMV INNDI 77TN 232 O MN 190101 .(m'\PJ-]'\ND
TNVPOVN MPYON JYNN YY DIPYN DM VPN NIIWYNI NINN JPIVD»992
NPIAYN NN MV TIND DPIDND DT NYNNA D) NNVIANNDND ,MNI
TINVPOVN MONN MY (The Seismological Bulletin of Israel, 1900-1995) NVYNN
DY0ITON HY DPOIN DY NYPAVN D) T2 DPnya NRN MY NN NN
NYNDN D01 NN INNN NNV NPNVPOVN MYPIAN .0NA DIIVIDN OPHYIN
DXVINTO DYTPN JPIVDMI9N IND DIYPYIN JN2) NSNNY DMNVIN NP2 23N

DYONION

D?29YNN PV IV PPISN ToNNa NNONNY INAININ NINN N1NI
2WNNY TPNHNTH NYINIA TNVPON MPYON 1D 7DYN NAWN Ypa Hv
125 2»D-IRIW MO-NN P2 AYNINNN NNPNN DY NDYN NOKBN D DNODIIVD
TPIMNN PN NOWN W NYTIND NMININNND DN NN ARDNY AN MN
DNADI TIRD NOVYN) D1APNA .DWTNN DMNOVPVISNNN DIANY NNHNNNA
9NN GRD MM NOONY TPHNNDYN TPPINRN NPHN NN NNMPNI NHNN D

(1997 1) n"p 15 -5 HY NYwa 1prYs



NYON NIV NPNY NNDPYS TINRI TPNOPY MDYAN NINIIND I8 DIND
DOPN DY D8N DIND WA INNONNY MYPIPN JPIMND NPRIN NOWND
NNNS NN

DYPIMNTY WON NAWM NONN O’ YPa2 NDA DINN DN DN SV VP
PMN DINN VWA )NY DTNRD .INAN NPMIOND DIVTA MY IMN MSND DM TP
(1996 Y0DNIDY N MNPYVIHN T NIAN PINN

DMYTRN DINDINDON DY DI TIWNN PN AN NTYN Y0 NNINON GONRD 9y
NMNY NMNSND TN DM OVTP JPIVO?99D NN HNIAY DPDINN DYPYHM
NN NIN DV ,D1270 PN JIND NI PR TR VNP TaMN INT NOPN3A
DPYNN NNDN NAWN NNKN DY THN 222 DY TDDHNINY TPTNT NHDNRNN NI
,DYTPN 1IN 5N) SW 155NN NY 25w HNY PP NPV DY NN DI PRI
Garfunkel 17 DY 925 NNNY} MIPI INN NN N PXMN 12YNN YOI NPYY
NAWYN ON MPY PINNY WTN VP2 ONXNNY 92ym { and Horowitz (1966)
INSIND )IND 93IY TNIND NNNN DN DY "P1apan MMNS” MmN 7T NN

{1997 AN} 210 NN 22 DY NN PONN

NN 992 NNPNY NNEN NYPYN INNY NYNINN MNP IISHNSTH Py
:DIMOND 190N N9 DTN JPIVD»Y92

n"P 60-40 AMIA NPIY NN NINPN , N 20-40 E - NIMNOY DMV NOWN .1
NINE NOWN HY NONND (20 N) 2NN NONN O DNV IR IMNYHN
OV MY NAWN NNSN VNN DY NPONN D NN MODN INSD)
(D™D NTY MYPA 1) DPNVPY DN NPY 1P XM D 100-150
11 OFTAN DY (DX928 NNOPYO MY PN VONN ND) DVONM MNOPYS
NN 75 NHANT AN DY 2VPOVN TVYNI DMPYS NMTY INYNDI DMIYN
NNIN NYPYN M9 (1997 X ;1997 IAN) P12 NN NN ANIND P72 Hav

DNRD TIN NN NAYPYN NN 12D NNHDNY P1van DN NN

NINY NN MOPON NHRIN P DAY 2NN NNONN ,NPIAYD ’Ipna .2
20N HY INVVY 12910 DY YINWNT AN MNX 7NN IN NAN NOYND DY Nywa
DPIIN WPN PN (7 TN DRI ,NONTY) DD 80-60 -3 1AM N RN INVTN
PR HY DP29Y0N PHOIY KX D1V TYNI NI 70N 20N HY DPAYHN YY1
20 -5 HY NYINT TIND MDD D PN ON WPN NMI 2990 D JIND D)
2P0 D919 PNRD DN M 200-150 -2 DY NYWA 20N N NN DN NDPN 2"

JPNNNITN NN DY OPNNNDN POV TIND TINHD ANV NN MONN
SN TPVNN PN DIONN RDIN 22 .29YN NI INHBNN N N2 NI
-DPMTN YA NN DIMYT NNID JPNOND NATYN DY DYIYNN Y
NAWN NNXND NPYSN THPNNNOTN NYINTY TN )N DN) PR DY D”IYNn



221980 202 NN [N NNXND 2DVINP N8I NAWN NNSN O 1OYN
;DY DYIDN 1Y D9N DY TN QOND .( Shahar et al., 1966) NNN
DYNI IPPYA PNNAN 2 DINVNND NYN) NPNINNIS NN 1IN DINMN
SV 10PN DYTN DONNGD DOPNVN NON DNWNND NoYN NOW NS N

(1997 13%) Nayn NNNN

¥ MY DR WX TPHNNNIN DNPIYM NAWN NNIN IOWNND N9
NYNY XM 229N IMN DI (3 IPN) NNINN NYPY NV MP1IN NOWNH
WY D157 2N HNX NN PRI NP NYP IMND R MNITN 20N NN
92V 0NN YON A0 PY IMNI TPNONN NAWN ON MIPI P TIT DVUm
J29YN 2" MN TIT DVTN N N NN IV - "DYTR IR - NWHD MY

.D157D PNY DTN NP 8 -D NN PPANN DN 1ANNM

VN YPAD 29NN NAWN NNXN DY HPIN NN DY NOINRNHORNN MY
NNINN DTN YT N WNINIY NPAVPY NPINNST DY NPT NN
Katalal ¥l

NAPPI NIMRY TPAVPY MPOYS NYNINND NAWN NNSN DTN 11D PN
DWW DXV DMINN 90N 1D AN PY7 PHD NN O MIPI DN KM
IINNNNY NN R MY (1974 21072) 2D D9-2)) NVIYN NIWN NP TN
NN NIY V9 DTN INNRY NYAINNY IDYTPN NPIN NOWN TR 93D
MNNN DN TNIND  DMOIN DWPYH D) 9NN ,NPNND VI YPWIn MINNNNN
DYNVYA DMINN MNNONN NN DMY 1173 .NIY VIO NYPYN I 1TPONY NP2
V9 NYPYN 1At NHYOY NWON TNVPL TP8NNOTY NAWYM 20N DY DN
DN WPYM DT DVOYP NYPYNS NNANY NI DYPN DY 27WN NPNND

(1997 P1aN) NTPN PN NOWN TIN 935

NI NPV YN NIPNY TPNVPY MY AYAINN DTN JPIvD»o9a
DMPY VN IO APY INNAN 22 OIANT DIMN DY NN TPIINTN POND
DYTX N DY INNPNN WPN PR INNHN I DN MOIWYNI 0N
PAYNNNI 1DV DXPIN 110NN NON DN PPN 1P MOIWYN 1IN
VYD YV MDD MNP DR ,DNY DMYTPN DYIDN THND NAYN N8N
DYVINTY DIIYNN PAPDY DY WONY DYININYND DVITOL DI
DNNNNY NN DYPRI IRD IMITR NPSOP MYPIP MNNINNY NIANY
P DY MY NYPYN 1995w DONN DY MY MNP DINDINDON MNNONND
DXPNY WNINN NON DXIONN PAPOY DY WN PN NINTY ,DINN M

2D TN PN RN IPY DA

DY) IPYAIYPYIN 12 DPIND DM HY DIN N NNPNI DPPNN NS HN)a
DIND DN NN .NIINS DY N2 MND DN D1 DPVMIVT D) DAY
IONTN 22 DMND DYDY AN MNTTHN Y DN ONN M 1D DY NN



NAY MINVITO TNM TPPHVDMPN TPRVYNN YO0 NN S9N PN NN
ININID - NPRIINDD D0

DN MVYID DWTN (P 2N DAY YPIN WY YV TI0POLR MRMANN
2N YPA MY IWNn DIVMPP MY NN YV PRINI MPHRNNY

IPYHN PO NIANN NNSN NYPYN INNRD 1DYAY TNVPLN ININM NIV
D1N AN MNNONN IONN NN NI 19N 1V (Steinitz and Bartov, 1991)
NYPYN 1982 QN DN WONRY DOINTO HY NOYHN NNN D NIAPN DXNMVYN
2y DRPVNN NMON VYN DY DY DMPN NN 1P JPPNI NIANN NNNN
NONT 7PN NIAXN NNIN SV MPAIN POV Ty .AVTN TIMPN NP2 NOWN I
NiPIN DDA NN NPN MY YN NN YPA MN TIT NONN DN YN 2Yn
DNNONN RIMM MVTN 22 NN VP2 PN YPIAN TON VPYSN 2OWIAY N
NN Y DR MPRY "MIPIFING” DN NOIWN - TN NN VP NOWN
DWTNN NPIN 2NN MNANONN .NYNN O DY MM AN IR IMINVTM RN
WHD NYWNDY 2N Y5 79 HY 1TANNY NANN NNSN YYD 11 NNV NI
NYIN N JTPN 2P IMAT RDINN 2 NTTINN DINNN N NTAY NNan

JNIINDS 91N AN DPIANPNINS DNPOVDMP DYID 1I9NDN 19WN)

,DMPYNN NOWYN 29D NNNN "M 200-300 YINNNNY ,DWTNN NP 2N TiNa
,DD) DMPONYS DVINTON NADND NNSNN NN NNSN NYPYN NoNN
MAN DY NVPHIN JPON MPT NPVDOP MDY DY PPN ,DOINMDINP Prya
NTIMN DNIAY DONIN MPPOND MMPHRN GHON NN (2 TN) DN VD 9N
N NINND 1) P90 MNOAN PN NN MVDYPN VINYTOY MIPN NAWYN NNSN
DN 'R 100 DY PRINY DM DPPHVDMP DYIDN 1RV DPIYN R TND
D922 MNITHN 19 1INV DIMNN KO DIINYN ND DPVDYP D20 189
DNNNAY DNV DNINNID DX PNNN DYINNNN DMIAYNN DY .DINON
MIPIINON PRI .NAWN ANIN DY I0IMTON MIADNNDD DNNN MIN
100 =D Yy NOY Y DI PNA .DMVN MAIVYY DY 121yD NNSNN YN
2VUno} NATYN VIMZINPA NNINN HY MNY MDY 1YY MNHP MMaya
Bentor and Vroman (1957) ; Garfunkel and Horowitz (1966) ; Bartov and 9NN
Garfunkel and Y¥ WD MN8N {Garfunkel (1980; 1985) ; Zilberman (1985)

Horowitz (1966)

NPNND VIN DITPN NIY VI - DV NYI NPYIN NNSNN NS HN) PN
NS DI QLN MNNONN Y DTN O2IAOY NN DIAPIYN )0 VYSN
TAMNNNDAN NNONN NN PN JNINI NNPY NOW IWDMINY TNOPY
022N DXNLY 79 HY WINYNY DN YPYN H91D NDINND V9 (1997 IAN)
PNN DM ,DPINN PN NP2 PN DMV TPNONM NP DT 203
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