ZoN
=

n'YRIwa na%IR2an nlann
ISRAEL GEOLOGICAL SOCIETY

ANNUAL MEETING
1982

Elat and Eastern Sinai

ELAT
24-27 JANUARY 6 1982






K

NYYRIVIA N IRan avana
ISRAEL GEOLOGICAL SOCIETY

JERUSALEM . P.O.B. 1239 .T.N . B?YVI1Y?

ANNUAL MEETING
1982

Elat and Eastern Sinai

ELAT
24-27 JANUARY , 1982






LIST OF CONTENTS

Page
AGNON A. - Post Lisan Faulting at the Dead Sea Graben Border... 1

AGNON A., GILAT A. - Recent Movements in Nahal Hava,

Northern Negev..eooeeeeooesoocscosssonsosccsns 3
ARKIN Y. - New Evidence on the Active Stress System Along the

Dead Sea Rift....c.veveieeecececsococcaccocees 4
BALDRIDGE W.S., BARTOV Y., KRON A. - Tectonics of the Jemez

and Morenci Lineaments, New Mexico and

Arizona: A Remote Sensing and Field Study in

Arid and Semi-Arid Areas..eccececsecoccscses 7
BEGIN Z.B. - Estimating Seismic Activity of a Fault Based on its

Mean Annual Displacement. ...ceceeeosocessoses 8
BEGIN Z.B. - Estimating Discharge Frequency in Arid Zone Gravel

Streams, Using Hydraulic Geometry and Grain

Size Distribution....c..ecceeeveesececcceccees. 9
BEYTH M., STARINSKY A., LAZAR B. - Low Temperature Saline

Waters, Timna, SouthernIsrael....ccceeoceess 11
BONEN D. - The Garnet Clinopyroxenite Xenoliths in Mount Carmel,

Israel, and their Origin...coeeeeececoccocsass 12
BUCHBINDER L. G. - Dolomitization, Porosity Development and Late

Mineralization in the Zohar (Brur Calcarenite)

and Sederot Formations in Ashdod - Gan Yavne. 15



i1

Page
DRUCKMAN Y. - The Erez Conglomerate - an Indication of an Early,

Middle Triassic Faulting Phase in the Coastal

Plain of Israel..ccvveeeeeeesrocencnccanensennes 16
ERAN G. - The Hazera Lineament - A Possible Evidence of Post

Pliocene Folding Activity in the Hazera Structure.. 17

GABER L. - The Structural Petrology of the W. Kyd - W. Beda Area,

S.E., Sinaice.ieereecoceeoscessssosssssoscscnnnos 21
GARFUNKEL Z. - The Structures of the Syrian Arc in Israel........ 23
GILAT A, - Box - Like Openings in the Dead Sea Trending Canyons

as a Result of Multiple Polyplaned Strike-Slip Faults 26
GILAT A. - Post-Diagenetic Alterations in the Cretaceous-Neogene

Sequence - Judean Mountains - Judean Desert...... 28
GILL D., SHILOH Y. - Subterranean Water Supply Systems of the City

of David: Utilization of a Natural Karstic System.... 32
GOLDBERY R,, BEYTH M. - Lateritization and Groundwater Altera-

tion Phenomena in the Triassic Budra Formation,

Southwestern Sinai...eeeeieeeerocscososvcscconess 35
GVIRTZMAN G. - Early Jurassic Tectonic Movements of Israel as Part

of the Spreading and the Transform Shear of the Tethyan

Floor in the Eastern Mediterranean....eeeeeececcese 37
HILDEBRAND-MITTLEFEHLDT N, - Strain Field in and Around

Boudinage Induced in a Clay Experiment..eccceeeeess 39



III

HOROWITZ A. - Structural Evolution of the Levant Since Late
Cretaceous Times....c.ceoeeeeececccoscssssconsons
ILANI S., STRULL A. - Evidence for Metallic Mineralization
Associated with Transverse Faults in Israel..........
ITAMAR A., ZILBERFARB A., BEYTH M. - Contact Metamorphism
in Southeastern Sinaiseeeceeeeeeeesoscennsscncennnes
KOLTON Y. - Relationship of Size of the Catchment Area and the
Quality of Groundwater in Arid Zone Coastal Alluvial

Fans...oieeniieeeeeeeensesoscscososoossscssnansan
KRONFELD J., GVIRTZMAN G., BUCHBINDER B. - Geological
Evolution and Th - U Ages of Quaternary Coral Reefs
in Southern Sinai.....civeeeeeenencceccancccococnnn
MART Y. - The Structure of the Arnona Deep and Adjacent Areas,
Central Gulf of Elat. .. c.cveeeerecesccsccnsacnsonnns
MITTLEFEHLDT D.W. - Petrographic Evidence for the Origin of the
Birket Ram Xenolith Suite...e.ccceveresccccccccacans
PERATH L. - Tectonic Shorelines, Southern Gulf of Eilat: Recent
Crescentic Slumping ?...cceeeeee coccercoseccaceones
RODED R. - Some Remarks on the Migration of Folding Along
Geological Structures...cceeceececcceccccsscccssocccs

SCHULMAN N. - On the Evolution of the Jordan - Dead Sea Rifte......

40

41

42

44

45

47

49

50

54

56



v

SEGEV A. - The Geological Map of the Makhtesh Ramon Area (Comp.)

SHIMRON A, E, - A Plate Tectonic Framework for the Sinai
Precambrian - A Working Hypothesis.....cccveeee.n

ZILBERFARB A., ILANIS,, ITAMAR A. - The Nature of Mo - Cu
Dispersion in Wadi Sediments Emanating from the

Hatimiya - Samra Mineralization (Southern Sinai)......

FIELD EXCURSIONS

BARTOV Y., STEINITZ G. - Field Trip No., 1 : Excursion to Thamad
EYAL Y. - Field Trip No. 2 : The Geology of the Wadi Twaiba Wadi
Um-Mara Block NE Sinai.ce..eceevececcocccoceococsans
SHIMRON A. E, - Field Trip No. 3 : The Precambrian Geology of the
Eastern Wadi Watir and Ein Furtaga Areas.......cc00s
WEISSBROD T. - Field Trip No. 4 : The Paleo-Mesozoic Sequence
('"Nubian Sandstone'') of South- Eastern Sinai: Background
Notes to Excursion...ccceeecorcorccsccsosscscsscscne
‘STEINITZ G. BARTOV Y., EYAL Y., EYAL M, - Field Trip No. 5:

Excursion to Wadi Washwashi..ceevveeoreocoooononnss

60

66

68

86

95

104

109



POST LISAN FAULTING AT THE DEAD SEA GRABEN BORDER

Amotz Agnon

Geological Survey of Israel and Hebrew University

In the course of geological mapping of the Ein-Bogeq Sheet, a system
of young faults was found between Massada and Ein-Bogeq in the vicinity of
Ma'ale Yair. A beach gravel terrace of the receeding Lake Lisan marks the
sense of movement, rate of throw, and its age. In the mouth of Nahal Ye'elim
(coord. 1841/0716) the Turonian sequence is offset on three fault planes
striking N 30° E. The overlying Lisan terrace is faulted in a similar manner.
The cummulative throw attains approximately 20 meters (Fig. 1).

Earth works south of the Nahal Ye'elim gulley (coord. 1843/0716) exposed
an additional fault plane paralleling the above mentioned ones from east. Its
western wall is down thrown, and marly chalks, probably of Lisan Formation,
were faulted at least 5 meters.

According to the various datings of the Lisan Formation, this faulting

of more than 25 meters took place in the last 20,000 years.



Fig. 1. East-West cross section across the young faults

between Ma'ale Yair and Nahal Ye'elim.
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RECENT MOVEMENTS IN NAHAL HAVA, NORTHERN NEGEV

Amotz Agnon and Arieh Gilat

Geological Survey of Israel

Signs of very young dislocations have been found in Nahal Hava, around
141/016. The young age is attested by: (a) a fault, striking 310°, cutting
across alluvium in the Nahal Hava gorge at 1416/0156, some 10 m above the
stream bed; (b) a system of open splays, cutting recent morphologic features
in limestones of the 'Ovdat Group. The splays, which strike 140° and 050o
are fissures up to 20 m deep and 3 m wide, extending for up to 500 m. They
afe found over an area of some half sq. km; (c) an underdeveloped drainage
system, some 70 m up the cliff of Nahal Hava, at 141/016.

Rock slides of 'Ovdat Group limestones on Taqiye marl are widespread,
mashing some of the phenomena. Their depth is therefore disputable. Never-
theless, some 100 m north of the above-described alluvium fault (see (a) above),
Mishash flint in the stream bed appears to display an alluvium-filled tensional
fissure, some 3 m wide.

The dislocated zone is on the extension of the Sa'ad-Nafha lineament,
some 2 km east of the point where it bends toward the Mahmal basin. A lineament
can be observed locally, striking 330° and rnning from the Sa'ad-Nafha line in
the south to the Tsin Valley in the north. On this lineament, which is some
6 kxm long, signs of horizontal dislocation are found. The connection between

these dislocations and the general tectonics of the area are not yet clear.



NEW EVIDENCE ON THE ACTIVE STRESS SYSTEM ALONG THE DEAD SEA RIFT

Yaacov Arkin

Geological Survey of Israel

Recent large scale (up to 10 m wide, 10 m deep and several 100 m long)
open tension fractures developed on the western highland above the Dead Sea
are indicative of an active stress system in the area. These fractures are
the surface expression of tectonic movemeﬂts associated with seismic acti-
vity along the major crustal feature known as the Dead Sea Rift.

This type of fracturing conforms té the postulated tensional failure
on a smaller scale, causing prefered rock deformation along pre-existing
weakness planes such as faults and joints. 1In the present case, new
trends cutting all other previously existing fractures are produced.

Several generations of these fractures have been observed, from young
open to older fractures of which many have been infilled with alluvium and
rock debris. Recognition of older fractures is based on geomorphological
criteria such as "hanging meanders", captured dry stream beds and perched
playas. These criteria suggest that the fractures are possibly the result

of earthquakes, the younger of which may be of Holocene age.
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TECTONICS OF THE JEMEZ AND MORENCI LINEAMENTS, NEW MEXICO AND ARIZONA:
A REMOTE SENSING AND FIELD STUDY IN ARID AND SEMI-ARID AREAS

W. S. Baldridge, Y. Bartov,* and A. Kron, Los Alamos National Laboratory, Los
Alamos, NM 87545

Regional northeast-trending fracture zones in New Mexico and Arizona,
which intersect obliquely the Rio Grande rift valley, have apparently played a
major but poorly defined role in the structural development of the Rio Grande
rift and the southern Colorado Plateau margin. These fracture zones may repre-
sent zones of weakness developed as early as Precambrian times,: which were
periodically reactivated as recently as late Cenozoic. Some of the zones
(especially the Jemez Lineament) have had a major effect in localizing Ceno-
zoic magmatism. The existence of the Jemez and Morenci Lineaments as struc-
tural features has never been documented, and details of their origin, his-
tory, and effect on the late Cenozoic Rio Grande rift are relatively unknown.

The present study is an attempt to define structurally these large-scale
fracture zones by combining work on satellite imageryi conventional air
photos, and in the field over an area of about 1.8 x 10° km®.

OQur first step in this project was to compile a tectonic map from pub-
lished structural data. This compilation showed that 1ittle or no surface
expression exists for either the Jemez or the Morenci Lineament. To address
the problem of whether blank areas of this compilation indicate a lack of
structure or a lack of knowledge various types of satellite imagery were used
to produce a "lineament map." The imagery includes enhanced LANDSAT false
color composite images, LANDSAT bands 5 and 7, and SEASAT optically and digi-
tally correlated radar images. SEASAT images were available for about 70% of
our study area and have proved particularly useful because of their high con-
trast and resolution (25 m). We used this "lineament map" as a guide to aid
in directing our field.study since a large number of "lineaments" (suspected
tectonic structures) were located in blank areas of our tectonic map. The
detailed mapping of selected areas included a photogeological interpretation
of 1:60,000 and 1:200,000 scale air photos and reconnaissance field work.

This work has led to the recognition of a large system of fault zones,
extending from east-central Arizona to central New Mexico. Specifically, a
set of sub-parallel fault zones of post-early Miocene age extend 150 km north-
eastward of Springerville, Arizona. In the Datil-Pie Town area of west-
central New Mexico this zone intersects a north-south-trending system of
faults that is parallel to the Rio Grande Rift. Branches of these fault sys-
tems in part correspond to the Jemez and Morenci Lineaments.

The procedure that was developed in this project:is of general applica-
bility to mapping large-scale tectonic features in arid and semi-arid regions
where structure is poorly defined and an extensive area is under investigation.

*Permanent address: Geological Survey of Israel, Jerusalem, Israel.



ESTIMATING SEISMIC ACTIVITY OF A FAULT BASED
ON ITS MEAN ANNUAL DTSPLACEMENT

7. B. Begin

The Geological Survey of Israel

The seismic activity of a fault may be characterized by an equation
of the form: NM = a,-],obM (NM being the cumulative number of earthwqakes
having magnitude equal or greater than M, and a, b are constants). Assuming

that b is known for a region, a may be estimated by comparison to a fault
with a known value of a, (a') and a known mean annual displacement 4d'.

The annual number of earthwgakes of magnitude M is given by:
obAM

ny = a-lObM(l-l ), where AM is a small increment in M. The displacement
on a fault due to earthquake with magnitude M is given by: DM = p-quM.
Therefore, the mean annual displacement on a fault due to all earthqueakes

with magnitude M15_M_<_M2 is:

(b+q)M

M M
a=:2np = ap(1-10°2%) 52 10

! "

Assuming common values for two faults of p, q, b, Ml and M2

|

ay
"
® =|sn_

or: a" = a' — , that is:

the unknown seismicity constant a" can be determined by using the known value

a' for the reference fault and the ratio of their mean annual displacement.



Estimating Discharge Frequency in Arid Zone Gravel Streams,
Using Hydraulic Geometry and Grain Size Distribution

Ze'ev B. Beqin, The Geological Survey of Israel
Moshe Inbar, The University of Haifa

The aim of this study is to calibrate a method that will permit the
construction of discharge-frequency curves for ungaged streams in arid
zones, through the analysis of their hydraulic geometry and grain-size
distribution. These two parameters are being extensively used to
estimate discharge, but its frequency of occurrence - which is of prime
importance for engineering design - has not hitherto been tackled using
this type of information. The following are some preliminary results
of our study, which is carried out in some gravel-cobble ephemeral steams
in the Negev.

In three streams, 13 sites located near hydrologic gaging stations
were sampled, for their cross-sections, bed slope and grain-size distri-
bution. From these data we constructed a rating curve for each site,
relating water depth to discharge, by using Lacey's equation and the
Manning-Limerinos equation. From this we constructed for each site a
rating curve relating flow-shear-stress (t =yds) to discharge. Since
the studied sites are located near gaging station for which discharge-
frequency curves are available, we were able to relate different values
of flow shear stress to different frequencies of their occurence, T
(where n denotes the probability of occurrence of a certain shear-stress
value at that site).

At each site we plotted the grain-size distribution, and read
the different percentiles Dk (k denoting percent of material finer than
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Dk). We finally obtained, then, a matrix of T and Dk for all sites.

The next step was to regress all ™ values versus all Dk values
for all sites and the result is the correlation matrix and a set of
regression equations, relating shear stress values of different
frequencies to different fractions of grain size for all sites. Grain-
size fractions Dyq_;q » correlate well with shear stresses of occurrence
probabilities 0.3-0.9. Thus, for instance, for these sampled sites, the
shear stress .5 can be estimated from Da0 through the regression
equation.

1(0'5) =0.335 D

40 " 0.097 ( r =0.779; n = 10; a < 0.01 )

Through a rating curve of = versus (), QO g can be estimated from
D40 through T0.5°

A further result of this method is that we were also able to identify
the actual frequencies of floods which are directly responsible for the
moyement of a certain grain-size fraction (and finer).

In our sampled sites, the fraction of bed material of which 50% is
finer, is being moyed by the flood eyent having a 0.9 probability of
occurrence, while the coarser material, up to D60’ is being moved by
the rarer event, having an occurrence probability of 0.7. These re-
sults are in accord with the estimate of Brush (1961) that the 2.3 year
flood is moving 80-90 percent of bed material in headwaters, and are
also in accord with Andrew'es (1980) results, that a bankfull discharge
is almost identical.with the modal sediment-transporting discharge.

This study is at a preliminary stage and more measurements are defi-
nitely needed before reliable conclusions can be drawn. Howeyer, these
carly results are promising, and it is hoped that this approach will shed
light on the frequency of bed material moyement, and will also permit
the extrapolation of the results, in order to construct discharge-frequency
curves for ungaged streams.
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Low Temperature Saline Waters

Timna, Southern Israel

M. Beyth - (eological Survey of Israel

A, Starinsky- Geological Department,
Hebrew University, Jerusalem

B, Lazar Geological Department,
Hebrew University of Jerusalem

The low temperature saline waters (up to 16 gr/i TDS) of
Timna (about 20 kms north of the Red Sea) which belong to the Ca
chloride brine type is characterized by:

1)  Temperatures up to 32°C at the surface;
2) Extremely low Mg content;

3) A relatively low 07s5r/8 sr ratio;
4) High content of some trace elements;

5) Nearly saturated with respect to gypsum.

The depletion of Mg is characteristic for wall rock reactions
of brines with silicate rocks, under high temperatures of few hundred

degrees centigrade.

The 8781:‘/86 Sr ratio, around 0,7061, is explained by an ex-
change of reactions between Sr of the brine and Sr of basalts or other

mantle derived rocks.

The high concentration of copper (up to 0.5 ppm) and manganese
(up to 1.3 ppm) can be either a product of leaching of the basic rocks
at depth or dissolution from the copper and manganese deposits in the

studied area.

This original saline-end member was formed probably i» the Pliocene
and migrated along the Dead Sea Rift after its formatione. ' During this
migration it reacted with basic rocks of mantle origin under high
temperatures at depth, moved up along rift fault planes and reacted
with gypsum or sulfidic ore bodies. During its migration it was diluted
by fresh water.
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THE GARNET CLINOPYROXENITE XENOLITHS IN MOUNT CARMEL, ISRAEL AND THEIR ORIGIN

DAVID BONEN

NESHER - ISRAEL CEMENT ENTERPRISES LTD

The Upper Cretaceous magmatic activity in Mount Carmel and its stratigraphic
setting has been described extensively by Sass (1957, 1980).
Recently Gottlieb (1980) has provided a detailed study of the petrography and mineral

chemistry of some ultramafic xenoliths from the Carmel area.

The xenoliths are associated with pyroclastic rocks which are the dominant

volcanic rocks in the Carmel area. The magmatic nodules fall into two groups:

(1) low pressure gabbroic xenoliths, and (2) high pressure ultramafic xenoliths.
The latter were classified as garnet clinopyroxenites ; garnet - plagioclase

clinopyroxenites, and kaersutite - phlogopite clinopyroxenites (Gottlieb, 1980).

The aim of this paper is to establish the possible cognate relationships between
the xenoliths and the volcanic rocks. For this reason the discussion will focus on

the garnet pyroxenites only.

The garnet pyroxenite nodules which comprise the great part of the xenoliths,
consist of clinopyroxene (CPX), garnet (GA) and spinel (SP). Usually a brown
hornblende is éresent in minor quantities . The common texture is of a course
grained equigranular mosaic type. The dominant mineral is a greenish CPX, Slightly
pleochroic and its grain size varies from 0.2 mm upto 8 mm. The CPX are unzoned,
fairly clear and 120° triple junctions are not uncommon. These features are typical
to a metamorphic textures (Nielson Pike and Schwarzman,1977). The jadeitic content of

the CPX vary from 10.4% to 12% and their Nazo content vary from 1.4-1.7%.
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The garnets have a pink to reddish color. They appear ¢ither as an
interstitial phase situated adjacent the CPX and having a green - brown kelyphitic
rim, or as monomineralic cumulates which vary from 0.5 cm. up to 6 cm. and
more. The proportions of the pyrope, almandine and grossular components of the

GM\ are typically 60:25:15 respectively.

The spinels usually appear to be opaque in thin sections. The SP are composed

of pleonaste-magnetite solid solution.

The jadeitic content of the CPX as well as the Na concentrations are lower
than those values which characterize omphacite. In view of the jadeite and Ca
Tschermak proportions and the Allv/ALVL ratio, thd CPX fall outside the eclogitic
field. Rather, they belong to the granulite and basaltic inclusions (Aoki and

Kushiro, 1968 ; White, 1964).

The GA-CPX xenoliths differ both in their chemical and mineralogical
composition from that of the upper mantle rock types. The former have higher
concentrations of Ca,Al and light Rare-Earth Elements (LREE), and lower concentrations
of Sc, Co, Mg and Cr. These differences indicate that the xenoliths could be
neither the source rock of the magmatic liquids, nor the refractory residue of the
melting. Likewise, the chemical differences between the xenoliths and common basaltic
rocks makes it unlikely that the xenoliths represent meta basaltic (granulitic)
metamorphic facies. According to the elemental distribution of the compatible
elements (such as Sc, Cr, Mg, Fe), a crystal fractionation origin from non-primary
basaltic melts is the most favored. This conclusion might also explain the

textural diversity of the xenoliths themselves.

Based on the REE pattern of the GA-CPX nodules, and assuming that the nodules
represent a weight fraction of 0.3 of the fractionated liquid, the xenoliths could
have been generated via fractional crystallization of 95% clinopyroxene plus 5%

garnet from basaltic flows from the Carmel area.



14

REFERENCES

Aoki, K.I. and Kushiro, I., 1968, Some clinopyroxenes from ultramafic inclusions

in Dreiser Weiher, Eifel ;- Contr. Miner. Petrol. 18, 326-337.

Gottlieb, 8. E., 1980, The Petrography ¢ and mineral chemistry of a suite of
ultramafic xenoliths from the Carmel area, Israel. M.Se. thesis, The

Hebrew University, Jerusalem.

Sass, E., 1957, The volcanic phenomena in Mount Carmel. M.Sc. thesis, The
Hebrew University (in hebrew) .
—_ 1980, Late Cretaceous volcanism in Mount Carmel, Israel, Israel J.
Earth Sci. 29, 8-24.

White, A. J. R., 1964, Clinopyroxenes from eclogites and basic granulites.

Am. Mineral. 49, 883-888.

Nielson Pike, J. E., Schwarzman, E. L., 1977, Classification of textures in

ultramafic xenoliths. J. Geology 85, 49-6l.



15

Nolomitization, Porosity Development and Late Mineralization in the Zohar (Brur

Calcarenite) and Sederot Formations in Ashdod - Gan Yavne

by Laura G. Buchbinder

The Geological Survey of Israel

The carbonate Zohar and Sederot formations in the Ashdod -~ Gan Yavne aren
have been extensively replaced by massive brown dolomite which cuts across original
facies belts. The dolomitization is inlerpreted as a post depositional (not syngenetic)
phenomenon controlled by the subsurface circulation of dolomitizing solutions, either
in a mixing between seawater and freshwaler or by warm subsurface brines.

Secondary porosily in the form of vugs and caverns (shown by repeated breaks
in drilling and losses of circulation) is preferentially developed in the dolomitized
sections. Il is believed to represent a paleokarst surface developed in connection with
cither an unconformity surface between the Zohar and overlying Kidod Formation or
the Lower Cretaceous - Jurassic unconformity which cuts the Kidod Formation in the
Ashdod 1A well. The relative timing of the dolomitization and karstification is
presently unknown,

Three main stages of late mineralization were identified:

1) white saddle dolomite which rims the original vug cavities;

2) fluorite-quartz-bituminous clay-K feldspar-pyrite-calcite deposited during a period
of cavity enlargement and partial collapse;

3) vein anhydrite and calcite accompanied in places by dedolomitization of both the
host rock and vug filling dolomite. This mineralization suite is compatible with both
low temperature karst deposits as well as heated brines in a temperature range

compatible with oil generation.
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THE EREZ CONGLOMERATE - AN INDICATION OF AN EARLY, MIDDLE TRIASSIC
FAULTING PHASE IN THE COASTAL PLAIN OF ISRAEL

Yehezkeel Druckman

Geological Survey of Israel

A 600 m thick section of polymictic conglomerate - the Erez Conglomerate-
was penetrated in the Helez Deep 1A borehole. This conglomerate is underlain
by a 40 m thick shale and sandstone unit - the Karmia Shale of Late Permian
to Early Triassic age, and is overlain by a 190 m thick dolomitic section of
Carnian age - the Mohilla Formation. The fragments comprising the conglomer-
ate consist of various carbonate lithologies: dense, stylolitized micrites,
oolitic grainstones, and mollusc, ostracode and foraminiferal packstones of
various ages from Permian to Anisian. The age of the matrix was dated Anisian
by pollen (Cousminer, 1981 - personal communication).

Analogous to the thick well developed accumulations of polymictic conglo-
merates along the margins of the Suez (the Abu Alaga Conglomerate) and the
Dead Sea rifts, it is suggested that the Erez Conglomerate indicates a major
faulting phase and possibly an initial stage of rifting. Consequently, from
the present paleontological data it appears that the main phase of faulting
took place during Anisian times; however, the extension of this phase into

the Ladinian cannot be ruled out.
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THE HAZERA LINEAMENT - A POSSIBLE EVIDENCE OF POST PLIOCENE FOLDING

ACTIVITY IN THE HAZERA STRUCTURE.

G. Eran, Dept. of Geology, Hebrew University, Jerusalem.

Several folding phases since the Turonian are known in the Northern
Negev. Folded and tilted rocks of Hazeva formation indicate post Miocene
folding. The Hazera Lineament is possible evidence of post Pliocene
folding in the area.

A The lineament is a morphotectonic feature, running along a high
terrace between the margins of the Hazera monocline in the north west
and the Zin wadi in the south east. The terrace consists of an uncon-
solidated conglomerate which unconformably overlies an erosive surface
on top of the Mazar marles of Pliocene age. (Shahar et al, 1966. Isr.
J. Earth Sci. 15 82-84.).

The structural location of the lineament coincides with the syncli-
nal nick at the foot of the Hazera monocline between the Hathira wadi
and Ma'ale Aqrabim. The length of the lineament is 2.5 km and it trends
N 600 E. Similar features have been observed in other localities

along the syncline nick but on a smaller scale.

The lineament has morphological expression as follows :

a. Small channels running on it in opposite directions, at right angle
to the direction of the dip of the conglomerate terrace.

b. Some of the main wadis, which descend from the south eastern flank
of the monocline turn at right angle on the lineament for a short
distance and then turn back to their original direction.

c. Several elongate shallow undrained lows as well as small saddles.

These features have been observed on the surface of the high
conglomerate terrace but not on younger river terraces of the wadis
dissecting it.



The tectonic expression of the Hazera lineament can be clearly
seen on the walls of the wadis in the faulting and tilting of the
Mazar marls and the overlying conglomerate.

Usually the layers dip towards the lineament:

a. On its south eastern side dips up to 140 towards it were found-
14/N20% in Nahal Gov.

b. On its north western side dips up to 200 ( 200/53005 ) in the
Mazar marls unconformably overlying Mishash chert that dips
49%/530%.

In one of the wadis several faults were observed cutting the conglo-

merate in the direction of the lineament with clear slickensides and

measurable throws, accompanied by local dips of the layers up to 70.

Most of the faults are normal with measured throws as high as
1.8 m. However, a few meters to the north a reverse fault with throw

of 0.4 m is observed.

The normal faulting is found where a small anticline is seen in
the conglomerate, while the reverse faulting is found within a small
syncline.

It seems that the conglomerate, about 15 m thick, reacted to a
folding in the underlying marls by a brittle deformation concentrated
on a few rootless faults. The character of the faults is determind by
local stress conditions : Normal faulting as reaction to tension in the
anticlinal folds and reverse faulting to compression in the synclinal
folds.

This fracture system, as well as the entire lineament, is evidence
to folding activity of the Hazera structure after the deposition of
the conglomerate but probably before the formation of the younger lower
river terraces, where geomorphological expression of the lineament
has not been observed.



A Preliminary Survey of Lead Contamination in Roadside Soils and Vegetation in Israel.
H.A. Foner, Irene Gal, and E. Zohar, Geological Survey of Israel,

30 Malkhe Yisrael Street, Jerusalem.

Lead is added to petroleum in the form of an organo-metallic compound in order
to improve the anti-knock properties of the fuel. In the course of combustion, the lead
is removed from the engine and deposiled in the environment,

Much work has been c.arried out in other countries to study the effect of lead
emissions on the soils and vegetation adjacent to heavily travelled roads. As fir as we
know, no similar work has been carried out in Israel and this preliminary study is
intended to see if the effects obtained in Israel are similar to those found abroad.
Research on the effects of direct exposure to lead fumes in the air in Israel has recently
been published by Richter and co-workers (Richter et al., 1980).

‘I'he lead content (‘)f Israeli petrol is in the order of 400 mg Pb/L. Wilh the
prospective increase in the octane value of "premium grade" petrol to 95 octane, the
amount of lead may be raised up to about 500 mg/L. This situation is in contrast to
that applying in some other countries where legislation has been introduced to reduce
the lead levels in petrol down io 150 mg/L. A reduction in the amount of lead used
leads to increased fuel consumption. It has been suggested (Dartnell, 1980) that the
increased costs resulting from such a measure outweighs any possible gain to society
from reduced lead contamination of the environment.

Our preliminary survey was concentrated in two areas with heavy traffic flows:-
(a) near Sho'eva in the Judean Hills on the main Tel-Aviv - Jerusalem highway and
(b) in the Tel-Aviv - Lod area on the coastal plain,

The lead content of soils appears to be concentrated in the humus fraction where
the maximum concentration found reached 600 ppm. Plant tissues examined (oak and
pine leaves) had maximum lead concentration of 172 ppm lead,

In the Judean Hills (with a heavy clay rich soil) lead values vary from 240 ppm
near the verge to 20 ppm (the background value) at 100 metres from the highway. Oak

and pine leaves show a similar rapid fall in lead content with distance from the road.
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Results obtained in the sandy soils of the coastal plain are completely different.
On the Geha road (an area of very heavy traffic density) the soil lead content was only
10 ppm with no apparent decrease with distance from the verge. Similar results (25 ppm)
were obtained near Mikve Ysrael and Lod airport.

A few tests on some edible crops grown near heavily travelled roads (oranges,
grapefruit and wheat) show no noticable enrichment of lead.

The results obtained appear to show that humus content, and possibly mineralogical
composition are important factors in trapping the lead: sandy soils with little plant
growth have minimum lead concentrations whereas clayey soils show high lead values,
and humus is even more enriched.

In the limited areas examined, our results appear to confirm the findings
obtained in other countries, namely that lead contamination is confined to a narrow
strip along the roadsides and that it drops off sharply to insignificant values within

100 metres from the verges.
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The Structural Petrology of the W.Kyd-W.Eeda Area, S.E.,Sinai

Larry Gaber, Dept. of Geology, Ben-Gurion University of the kegev

The W.Kyd-W.Eeda area in the central part of the Wadi Kyd retswmorjphic
belt consists of four major units oriented NW-SE, (see map):

1. Amphibolite facies rocks; metapelites (staurolite Learing andelusite
garnet schists), meta-basites (andalusite bearing garnet auphibelite
schists), meta-sandstones, and meta-conglomerates.

2. Mylonitized rhyolite: essentially muscovite schist.

3. Greenschist facies rocks. This unit caon be further divided into basal
meta-conglomerate, middle meta-volcanic, and upper metz-sedimentary
sections.

4, Ciorite group. Diorite, gneiss, and migmatite. This unit is intrusive
into the metamorphic sequence.

Reliable tof determinations (graded bedding) indiczte thet the
greenschist facies group 1is normal &slthough structural criteria (50-£2)
suggest overturning. Two cleavages &re found; S1 is psrallel to bedding
(dip 40-60/S-SE), whereas S2 dips 20-80/S-SE. A later phase of deformation
is evidenced by open folding where both 51 and S2 were rotated. Deformnea
conglomerates have cobble elongation axes oriented to the N jperallel to
regional strike.

Primary sedimentary structurcs (truncated cross-tedding) in  the
amphibolite facies unit indicate that the wunit is overtwrned. A 1large
overturned fold nose is found in V,Kyd. It plunges gently to the W &s do
the cobble elongation axes in conglomerztes. The dominent cleavige of the
unit is axial planar to the overturned fold end was forned in  the
thrusting, represented by the mnmylonite unit, which brought emplibolite
facies rocks on top of greenschist facies. The asmount of lateral novement
is not determined. The abrupt change in metamorphic fecies excludes tle
possibility thet the area represents the response of a whole crustel
section to progressive metamorphism.

The thrusting superinposed new structural elements on tte e@rea. The
overturned fold exis and tlhe cobble elongation axes from both tlie
greenscliist and amphibolite facies units are perellel, and conform to the
orientation of tlie plane of the thrusting.

On the ridge of Gebel Um-Zariq is a synform defined by both mylonite
and cleavage which indicetes & pest-thrusting phase of deformation,

The contacts of the diorites with the country rocks are in places
obviously intrusive. The variety of textures in the wunit ranging from
magmatic, to gneissose, to migmatitic layering suggest synkinemetic
emplacement.
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The structures of the Syrian arc in Israel

zZvi Garfunkel
Department of Geology, Hebrew University, Jerusalem

Since the Late Cretaceous compressional structures developed in Israel.
These include generally NE trending asymmetric folds, some or all of which
are developed over reverse faults at depth, as well as lineaments trending
closer to E-W (in the central Negev) which comprise flexures, oblique- right
lateral faults and domes. These structures occur in a 250 km wide belt
extending from the central Negev to the base of the continental slope.

This belt continues westward into Sinai, while its eastward extension is
offset by the Dead Sea transform (rift). This structural belt is called the
Syrian arc.

The Syrian arc structures began to develop only in the latest Cretaceous
(Senonian) times, and they record yielding to stresses within the Arabo-
African plate. This occurred during, or shortly after, a major change in the
relative motion of this plate relative to Eurasia, and concurrently with the
emplacement of the peri-Arabian ophiolite nappes. Growth of the Syrian arc
structures was syn-sedimentary, and therefore it is recorded by facies and
thickness variations, and locally by lacunas and erosional unconformities.
These features show that by the end of the Campanian all major structures
were outlined and many reached a structural relief of 100-200 m. Along the
central Negev lineaments faults and domes were formed; their orientation
indicates that some right lateral shear occurred in addition to transverse
shortening. The macro-structures are compatible with a strain field having
a principal axis of shortening oriented 1200—135o to 3000-315° (normal to
the fold axes). Micro-structures indicate a stress field with the axis of
maximum compression oriented closer to E-W. This may record conditions at the
beginning of deformation, or that diffure strain is present in addition to
that expressed by the macro-structures. Such a strain and stress field is

compatible with the relative right-lateral motion of the Arabo-African plate
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relative to the Eurasian plate. However, many details are not simply related
to this concept.

The relative plate motions changed again late in the Eocene, but there is
no obvious relation between this and the growth of the Syrian arc structures
which continued to grow in the Early Tertiary. However, it is possible that
their growth slowed down or was interrupted for some time, so that a regional
flat erosion surface could have developed ( in the Oligocene?).

The concurrent growth of differently oriented structures which accomodated
different amounts of shear, while each type is developed in a specific domain,
suggests a mechanical control of the basement, perhaps even rejuvenation of
Pre-Cambrian faults. This concept is supported by existence of such old faults
oriented close to E-W in the Elat region, where some of them were rejuvenated.
Perhaps the central Negev lineaments developed over northern members of this
old fault system.

The Syrian arc structures were accentuated again in the Neogene. Defor-
mation postdating the Hazeva Formation, of Miocene age are well recorded, e.g.
from the Zohar-Hatira and Hazera folds and from the central Negev lineaments.
The age of this young deformation raises the problem of the relations between
the late stages of activity of the Syrian arc and the activity of the Dead Sea
transform (rift). In discussing this problem the following points are relevant:
First, the rifting and continental fragmentation, of late Cenozoic age, is a
result of a new geodynamic regime, controlled by processes in the mantle,
which was active in the area between the NW Indian Ocean and the central
Sahara: the special nature of this regime is indicated by the extensive magma-
tic activity and vertical motions. Second, the older structures were modified
by uparching of the rift margins, and by local flexing along the Dead Sea
rift (e.g. Samaria, Arava). Third, since the end of tﬁe Oligocene a very large
area was affected by a strain regime with a maximum extension axis oriented
close to NE-SW, i.e. while the orientation of the major strain {(and stréss)
axes hardly changed, their magnitudes changed. In such a regime the Syrian
arc structures could have been accentuated ( this is true on a regional

scale; immediately near the Dead Sea rift the stress axes must be reoriented).
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Fourth, comparison of the young structures on both sides of the transform, and
analysis of its shape, allow a contemporaneous activity of the central Negev
structures with the transform.

The essential problem related to this discussion is understanting how
the geodynamic regime of Late Cretaceous and Early Tertiary times, in which
the Syrian arc strctures formed, passed into the geodynamic regime of the
Neogene—-Quaternary times in which plate fragmentation, widespread volcanism
and vertical motions dominated. A related major question is whether this
transition can be associated with changes in relative and absolute plate

motions.
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BOX-LIKE OPENINGS IN THE DEAD SEA TRENDING CANYONS AS A RESULT
OF MULTIPLE POLYPLANED STRIKE - SLIP FAULTS

A. Gilat

Geological Survey of Israel, Jerusalem

In the course of detailed geological mapping of the Ein Bogeg-Masada
area (scale 1:10,000, Gilat and Agnon, 1981) a complicated system of strike-
slip faults was recorded. These are:

1) Sinistral faults striking 330o with displacements of up to 300 m. These
faults started as pre-Senonian, which is indicated by the deposition of the
Menuha chalk of Senonian age. Probably post-Eocene rejunivation is indicated
by displacement of Senonian sediments and of the Northwestern part of the
Zohar flexure.

2) Dextral faults with E-W strike-slip movements. These were recognised on
the basis of offsets on horsts, faults striking 3300, and in places offsets

on the Dead Sea escarpment itself (Fig. 1). These faults were mapped in the
Ye'elim, Ein Bogeq, Rahaf and Qana'im valleys near the escarpment. They are
usually multiple, produced a number of vertical planes and intensively fractu-
red the country rocks within up to 0.7 km wide zones (i.e. Ye'elim and Ein
Bogeq valleys). This made possible for local streams to develop their deep
and narrow canyons to wide, box-like depressions, with gravitational forces
doing half of the work and leaving to the water mostly cleaning functions.

Although the cumulative displacement measured independently in every
one of these valleys is not more than several hundred meters, their influence
can be seen as far as 7.5 km to the west of the main escarpment (i.e. Menahem
Valley).

Dextral latitudinal strike-slip faults mapped in the Ein Bogeq-Masada
area hgve slickensided fault surfaces and are relatively younger than these
of 330  strike. However, they are all parts of an intersecting set, formed
during the last stage of the Dead Sea Rift shearing.

A very similar picture of latitudinal displacement along large box-like
canyons can be seen to the north of the area mapped, in the Ze'elim, Mishmar,
Hever, Arugot, David valleys and others (see also Gilat, 1981 and Raz, 1981),
which allow us to assume the same mechanism. The only difference over there,
it seems is that in most of these valleys the opening developed along multiple
strike-slip faults of both trends. It is clearly visible on regular topo-
graphical maps of 1:100,000 and larger scale.
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POST-DIAGENETIC ALTERATIONS IN THE CRETACEOUS-NEOGENE SEQUENCE -
JUDEAN MOUNTAINS - JUDEAN DESERT

A. Gilat

The Geological Survey of Israel

The Cretaceous-Neogene sequence in the Judean Mountains - Judean Desert
areas consists of sub-lithographic limestones, dolomites and marls (Gilat,
1977, 1981; Gilat and Agnon, 1981). Many of these rocks have been affected
by various post-diagenetic alteration phenomena due to large scale metasomatism-
hydrothermal alteration possibly associated with the Dead Sea transform.

Most impressive of these are manifested by large and small scale dolo-
mitization, decarbonation, calcite and barite mineralization, and a general
enrichment in Mn, Si, Al and various trace elements. The major and trace
metal enrichment can in part explained by their remobilization from under-
lying sediments. However, a secondary dolomite containing up to 20 ppb Hg,*
found in the Mezada graben, suggests a relation with fluids derived from a
magmatic source.

The epigenetic alterations are particularly well developed in tectonically
active area, and increase both in intensity and geochemical variability towards
the Dead Sea transform. In several locations, dolomitization and baritization
are clearly related to N-S trending strike-slip faults, whereas calcite minera-
lization is confined to younger E-W trending faults. Halite crystals are wide-
spread in the eastern Judean desert, and locally occur in the same paragenesis
with barite, illite and montmorillonite, suggesting deposition of the latter
minerals from sodium chloride-rich solutions. The presence of halite, lesser
gypsum and the mercury anomalies, suggest that at least part of the epigenetic
features occurred relatively recently.
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PRELIMINARY CLASSIFICATION OF EPIGENETIC PROCESSES IN THE JUDEAN MOUNTAINS - JUDEAN DESERT AREA

Prepared by A, Gilat

Rock body type

Epigenetic process

Alteration type

Manifestations

Metamorphi sm

Replacement through
destrwtion of the
crystall framework
and redistribution
of the components

Heating up and forming "the
association of high tempe-
rature metamorphic minerals

corresponding to the sandidi-

nite and pyroxene-hornfels
facies" (S. Gross, 1977)

Metamorphosed mottled bituminous and phosphatic sedimen-
tary rocks of Masstrichtian to Paleocene age. Strongly
veined structure, dissapearance of sedimentary bedding.
Mainly confined to structural terraces boundering
flexures '

Altered bodies Replacement through | Dolomitization Dolomitization of mostly Turonien rocks on flexures, in the
ionic interchange Silification vieinity of active faults and on the escarpment of the Dead
(Replacement . and pore filling Decarbonation Sea Graben. Large massive bodies,d)'sgppearanc, of sedimen-
Enrichment in Al, Si, Ba tary bedding. Replacement of Senonian chalk by "sandy"
predominates) g and trace metals, dolomite in the vicinity of active faults.
2 Baritization Replacement of secondary dolomite by chalcedony, barite and
] Calcitization calcite in the vicinity of active faults. Decarbonation
g Limonitization with enrichment in Al and Si of secondary dolomites
3 Destruction of rock struc- (Turonian-Santonian-Campanian rocks) and bituminous and
% ture predominantly by phosphatic rocks of Campanian-Danian age (part of the
= solution and "Hatrurization" process). Chalcedony, calcite, dolomite
recrystallization and pyrite (limonite) pseudomorphic on the tossils.
Red and yellow stained limestone (mostly Turonian), en-
riched in trace metals (southern part of the Judean Mts.
Decomposition of normal Upper Cenomanian-Turonian rock
sequence to loose marly rock with flour-like particles, -
Judean Mountains, to the West and South of Hebron. :
Free and forced Dolomitization Circular dolomite bodies in Turonian limestone along the
filling of pore Silification Dead Sea escarpment. '
g | space and micro- Bitumirization Tabular (discordant - "dyke-like") dolomitic bodies in
Inserted «~ | fissures with Halitization Senonian Chalk -~ Judean Desert.
% | nev material Limonitization Silicified limestone, dolomite, chalk and sand of
bodies g Sulfatization Cenomanian-Eocenian rock sequence.
o Bituminous Turonian limestone near large fuults - Judean
(filling oE Desert.
=i Hair-like aggregates of halite and gypsum, locally in
predominates) paragenesis with barite, illite and montmorillonite in
Senonian-Recent sediments - Judean Desert.
Limonite cement in porous rocks; limonitization of brec-
ciated rocks. ’
Cavity and Sulfatization Veins and druses of calcite and gypsum in Upper Cenomanian-
fissure filling Calcitization Senonian rock sequence - Judean Mountains, i
Silification Veins and druses of calcite, gypsum, dolomite, barite,
Dolomitization chalcedony, halite, asphalt and limonite in Upper Cretaceous

Intersomatism

("Hydrothermal”)

Halitization
Bituminization
Limonitization

in Judean Desert, especially near the Dead Sea Graben and in
tectonically active areas,

*aou




32

Subterranean water supply systems of the City of David: utilization
of a natural karstic system

Dan Gill1 and Yigal Shiloh2

1Geological Survey of Israel, Jerusalem

2 . . . .
Archaeological Institute, Hebrew University, Jerusalem.

The water supply system hewn in the subsurface of the City of David
is among the more elaborate, sophisticated and impressive engineering
accomplishments of the Biblical period. In order to utilize the waters
of the Gihon spring three main water supply systems were built, referred
to as the Siloam channel, the Hezekiah's tunnel and athird system hereafter
referred to as the Upper system. The Upper system consists of several
components: a. the cavernous passage exténing southward to the surface
above the Warren's shaft; b. Warren's shaft; c. the short shaft (also
known as the "abandoned shaft"); d. the tunnel connecting the two shafts
and e. the lower tunnel, in part coinciding with Hezekiah's tunnel,
which connects the bottom of Warren's shaft to the Gihon spring. The
Siloam channel, whose course runs for the most part on, or very near,
the surface, is fairly well understood. In this study we are concerned
with the other two systems which are confined to the underground along
their entire course and whose layout raises several enigmatic problems.
The fact that their final shape is the result of manual hewing is not
subject to dispute. However, the two systems are fraught with anomalies
which cannot be reconciled with optimal engineering design. These anomalies
pertain to the spatial position of the tunnels, and to their courses,
gradients and dimensions. The most obvious anomalies in the Upper system
include (1) the unclear function of the passage above and to the south
of the Warren's shaft; (2) the most inconvenient access to the top of
Warren's shaft and its highly irregular walls which, together, make it
most difficult to draw water through it; (3) the fact that Warren's
shaft extends downwards some 3 m below the level of Hezekiah's tunnel
in the form of a very irregular shaft which narrows progressively down-
wards and in which no hewing marks can be discerned; (4) the hypothesis
that the short shaft is indeed a man-made excavation which had to be
discontinued due to hewing difficulties; (5) the curved path of the upper
tunnel which extends for 32 m whereas the short distance between its end
points is only 19 m; (6) the existence of a 2.7 m high sgep in the
middle of the upper tunnel; (7) the exceedingly steep (33") gradient of
the upper part of the tunnel, and finally, (8) the excessively spacious
lower part of the tunnel. The main anomalies in Hezekiah's tunnel
include its tortuous course with its many meanders which defy any sound
engineering logic and result in its superfluous lengthening by 213 m
(it is 533 m long instead of just 320 m which is the short distance
between its ends); the irregularity of the tunnel's height and in
particular, the excessive 5.08 m height at its southern end. To all these
anomalous: features one'must add the most perplexing and interesting
question of all: considering the fact that the builders did not have
any precise surveying instruments, how did Hezekiah's engineers manage
to secure that the two teams of hewers, advancing from opposite ends
towards each other, would ever meet ? - Those investigators who believe
that the present layout of the systems reflects the deliberate choice
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of their designers have offered various explanations to these anomalies
and related questions which will not be discussed herein. Other
researchers, whose reservations are also shared by us, have already
indicated that most of these explanations are not convincing. Instead,
we find that most, if not all, of the anomalies and questians are
satisfactorily accounted for once it is realized that the design of the
systems was dictated by the existence of a natural system of conduits,
passageways, vertical shafts and other solution channels of karstic
origin. This solution, in part, was first contemplated by H. Sulley
(1929) and was also later supported by R. Amiran (1968), A. Issar (1976),
and others. The results of the present study further corroborate this
hypothesis. The clearing of the debris which blocked the Upper system
in the course of the recent archaeological excavations enabled a detailed
geological investigation of all of its components, except for the short
shaft which is still obstructed. 1In addition, a detailed geological map
of the Ophel area and its immediate vicinity was prepared in order to
better understand the geology, structure and disposition of the exposed
and subsurface strata, and to determine the relation of the water supply
systems to the various rock units and to the geological framework in
general.

Structurally, the spur of the Ophel is a tilted block dipping
10-15 to the SE. The eastern and western boundaries of the block are
defined by northward trending faults whose vertical displacement is
some 20 to 30 m. The eastern fault runs along the Kidron Valley and
the western one runs along the Tyropoeon Valley. An additional fault,
whose general direction is east-west, runs along the Hinnom Valley, to
the south of the Ophel. No other faults were detected within the Ophel
spur itself. The bedrock consists of the two lower members of the
Turonian Bina Formation, referred to in the Jerusalem area as the Mizzi
Ahmar and the Meleke. The Meleke, which builds the upper third of the
spur, is a white biomicritic limestone, sometimes dolomitic, composed
of a dense matrix and fragments of rudist and other bivalves. The rock
has a fairly high secondary moldic porosity and permeability (30% and
135 mullidarcy, respectively), formed by the leaching of the fossil
fragments. The Mizzi Ahmar, which forms the lower part of the spur,
consists of very hard, gray to reddish dolomite, which contains only a
subordinate amount of fossil fragments and is in places rich with
pelletal grains. The dolomite consists of a homogeneous mosaic of
tightly interloced anhedral to subhedral crystals, 8 to 50 microns in
size. The rock is thus very dense and impervious with a low porosity
(average of 2.6%) and permeability (average of 0.13 millidarcy). Thus,
whereas in the Meleke water can penetrate without the assistance of
open conduits, the Ahmar, due to its impermeability, is prone to the
development of karstic solution channels. Indeed, we find that except
for the passage above and to the south of Warren's shelf and the upper
part of the upper tunnel, which are within the Maleke, all the other
components of the Upper system, as well as the entire length of Hezekiah's
tunnel, pass through the Mizzi Ahmar Member. An additional prerequisite
for the development of a karstic network, which is also satisfied in
the study area, is the existence of fissures and joints. Several joint
systems exist in the area. The predominant ones, spaced 0.5 to 1.5 m
apart, are roughly parallel to the north-south trending faults mentioned
previously. Warren's shaft is situated on a wide fissure, trending
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N70°E, on which a minor vertical displacement of about 20 cm has
occurred. As mentioned earlier, the shaft terminates some three metres
below the level of Hezekiah's tunnel. Thus we find that, like many
solution sinkholes of karstic origin, both the Warren and the short
shaft terminate without an outlet. Only a few sectors of Warren's shaft
have hewing marks on their walls. Most of the remaining walls, as well
as the ceiling and walls of the chamber at the bottom of the shaft,

are coated with a travertine crust, consisting of very large calcite
crystals, and displaying several of the varied textures and morphological
forms of typical cave deposits (drapery-like, kidney-like, and others).
Since the manually treated sections do not contain such crusts, it
follows that the crusts predate the hewing. In other words, they were
deposited on the walls of a natural solution shaft. Based on carbon-14
measurements (A. Kaufman, written communication, 1981), the absolute

age of one crust sample was determined to be greater than 38,900 (t160)
years (i.e. its age is beyond the dating capability of the method) .

This result proves that the shaft cannot be man-made.

We therefore conclude that both the Warren and the short shaft
are natural karstic sinkholes (or solution shafts) and that the hewed
tunnels are merely an enlargement of natural solution conduits. In
accordance with the regional hydrological flow pattern, the original
direction of flow in the conduit which was later enlarged by Hezekiah
must have been towards the Gihon spring. A fairly close approximation
of its original level is provided by the height of the ceiling of
Hezekiah's tunnel. These arguments help to explain the anomalous
height of the tunnel at its southern end. This height reflects the
downcutting which was required while lowering the floor of the tunnel,
in order to reverse the water flow and direct it towards the Siloam
pool, at the southern extremity of the City.

Some additional pertinent observations which further support our
conclusions are listed below. The Mizzi Ahmar (M.A.) in the Ophel and
throughout Jerusalem displays many karstic features. The Gihon spring
itself, with its cyclic gushing-discharge pattern, is a typical
siphon-type karstic spring. During the last excavation season an
additional small sinkhole, some 4 m deep (its bottom has not been reached
yet) was discovered in area E-1. Another sinkhole, already reported by
H. Vincent (1911), is found some 160 m to the north of the southern end
of Hezekiah's tunnel. A small natural cave is found within the M.A.
in the upper part of the Hinnom Valley. In the Jerusalem No.4 water well,
located in the Hinnom Valley, a loss of circulation zone was encountered
in the M.A. section, indicating the existence of karstic cavities in the
subsurface. New M.A. outcrops, exposed in the process of digging
foundations in several current building projects in Jerusalem (Zion square;
corner of Haneviim and Shivtei Israel streets; the Heftziba building
at the western entrance to Jerusalem), reveal many solution pipes filled
with Terra rossa soils and rock debris. Extensive labyrinthian karstic
cave systems are also know from the Shivta Formation, which is stratigraph-
ically equivalent to the M.A. and Meleke section. Among these, the most
noteable ones are the Haritun (G. Mann, 1976) and the other caves in
the Tegoa stream in Judea, and in the Dalya stream in Samaria (A. Frumkin,
1981) . On the basis of various considerations which will not be discussed
herein, it appears to us that the development of this karstic system
is not related to the present drainage pattern. Most probably, its age
has to be traced back to the Neogene or possibly even to the Turonian.
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LATERITIZATION AND GROUNDWATER ALTERATION PHENOMENA IN THE TRIASSIC
BUDRA FORMATION, SOUTHWESTERN SINAI.
R. GOLDBERY AND M. BEYTH
1)  Department of Geology and Mineralogy,

Ben-Gurion University of the Negev
Beer—-Sheva, Israel

2) Geological Survey of Israel,
Rehov Malkei Israel 30,
Jerusalem, Israel

ABSTRACT

Field and laboratory investigations of the Triassic Budra Formation
of Wadi Budra, Southwest Sinai, have demonstrated the existence of sur-
face pedogenic laterites developed within "overbank facies" of fluvia-
tile sediments during times of hiatus. The laterite profiles are up to
7m thick and comprise an upper concretionary Fe-crust (up to 80cm thick)
an underlying highly ferruginous mottled zone and a basal, slightly bleached
sandstone parent rock. The iron crusts contain up to 73% iron oxides,
dominantly hematite, with geothite and magnetite occurring in smaller
amounts; kaolinite is the only clay mineral. The primary depositional
horizontal fabric of the finely laminated sediments of the "overbank facies"
has strongly influenced the final fabric of the lategite. The pronounced
alternations of iron-rich pisolitic and iron-deficient laminae highlight
the influence of inherent fabric (primary bedding) on pedogenesis.
The micromorphology of the laterites is characterized by bimasepic plasmic
fabrics, abundant elongate voids partially infilled with cryptocrystalline
kaolinite and an abundance of randomly oriented skew planes. Illuviation
of clay minerals to considerable depths is evident. Sesquioxidic and
kaolinitic glaebules, concentrated within the concretionary Fe-crusts have
a flattened ellipsoidal shape and occur as both massive and concentrically

banded varieties,



36

At Gebel Mussab Salama, to the north, zoned iron mineralization
occurs at various levels within the fluviatile sandstones below the level
of the "overbank facies". This is interpretted as being a non-pedogenic,
ground water alteration phenomenon induced by a rising water table within
the buried alluvial channels, Fe-mineralization presumably records minor

fluctuations of the water table during sandstill periods,

Lateritization in the Triassic Budra Formation, provides important
evidence that the widely recorded lateritization and bauxitization event
of the neighbouring East Mediterranean countries, at the end of the

Triassic extended south to the continental areas bordering the Tethyan
Ocean,
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EARLY JURASSIC TECTONIC MOVEMENTS OF ISRAEL AS PART OF THE
SPREADING AND THE TRANSFORM SHEAR OF THE TETHYAN FLOOR IN

THE EASTERN MEDITERRANEAN

Gdaliahu Gvirtzman

Geological Survey of Israel

As a result of new data, accumulated recently from deep-tests in central
and northern Israel, it is possible to draw a few preliminary generalized maps,
covering the entire area of Israel, showing the isopachs of the Jurassic sediments
and also isopachs of several levels of this sequence. The isopachs of the
"Lower Jurassic'" (from top Triassic or Asher Volcanics to top Inmar or
Rosh-Pinna; mainly Liassic), the isopachs of the '"Middle Jurassic' (from top
Inmar/Rosh-Pinna to top Zohar; mainly Bajocian to Bathonian) and the isopachs
of the ""Upper Jurassic" (From top Zohar to base Cretaceous unconformity) indicate
intensive vertical tectonic movements. The most significant movements are those
of the Liassic, during which, a NE trending elongate subsiding depocenter, in
central Israel, trapped about 2000 m of shallow-water platform carbonates, while
towards the Negev and towards the Galilee, less than 500 m of time-equivalent
sediments accumulated. The curvature, the direction and the gradients of the
isopach contours, resemble a depocenter shaped like two adjacent rhomb-grabens.

This shape is interpreted as indicating two E-W trending spreading centers, which
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were disconnected from each other by a N-S right-lateral transform. This
possibility seems to fit the history of the eastern Mediterranean basin. Several
authors, of different viewpoints, have proposed that the Turkish plate was
disconnected from the southeast corner of the Mediterranean along a spreading
center paralleling the Sinai and Egyptian coastline and along a right-lateral
transform fault which runs along the hinge-belt of the Levant coastline. The
apreading commenced probably as a Late Triassic rifting and was followed by
intensive sea floor accretion during the Jurassic and the Cretaceous. It appears
that during the initial stages of the spreading, the area of central Israel was
within the active zone, during which the Early Jurassic depocenter was formed.
The main shear movement continued from Middle Jurassic times along an
alternative route somewhat to the west, which is known as the Levant Transform.

The initial spreading in central Israel ceased for reasons as yet unknown,
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STRAIN FIELD IN AND AROUND BOUDINAGE INDUCED IN A CLAY EXPERIMENT

Nurit Hildebrand-Mittlefehldt
Nature Reserves Authority

78 Yirmeyahu St.

Jerusalem

A three-layered wet clay paste was deformed to form boudins by stretching
it on a deformation table. The middle layer was stiffer than the lower and
upper layers. One edge of the boudin was sampled for strain measurements.
Twenty three sample points were studied; 12 outside the boudin and 11 inside
it. The preferred orientation of the basal plane of kaolinite crystals was
measured for these sample points with an X-ray pole-figure goniometer. From
these preferred orientations, strain was determined according to the theory
of March (1932). Strain due to the compaction of the clay cake under its own
weight was determined in a seperate, undeformed cake equivalent to the deformed
one., The strain due to compaction was measured for each layer. This strain was
subtracted from the strain observed in order to define the strain due to
boudinage alone.

The displacement field, patterns of principal and shear strains and mean
strain were found. These results were compared with analogous results obtained
in theoretical and experimental studies, and found conformable.
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STRUCTURAL EVOLUTION OF THE LEVANT SINCE LATE CRETACEOUS TIMES

A. Horowitz
Institute of Archaeology
Tel Aviv University

The structural evolution of the Levant since Late Cretaceous times
can be divided into three distinct phases, separated by periods of
relative tranquility and subsequent peneplenization. These are:

1. Formation of the Levantine Fold Belt (Syrian Arc), during the
Late Cretaceous through Late Eocene or Early Oligocene.

2. Formation of the Erythrean Fault System in the southern Levant,

which turns to the Alexandretta System to the north. This phase is
accompanied by a system of transversal wrench faults, forming taphrogenic
inland basins and shaping the eastern Mediterranean. These systems were
active during the Late Miocene.

3. Formation of the Levantine Rift System along a north-south lineament,
accompanied by parallel uplifting east and west of the rift. The rifting
is not complete, and in some cases the Jordan Valley is a syncline.

The rift is accompanied by crescentic faults, mostly of the strike-slip
type. The rift itself has sometimes a wrench component, with a maximum
order of 5 km. This phase commenced at the turn of the Preglacial
Pleistocene, some 1.6 my ago, and is still active,.



41

EVIDENCE FOR METALLIC MINERALIZATION ASSOCIATED
WITH TRANSVERSE FAULTS IN ISRAEL

! and A, strull?

S. Ilani
IGeological Survey of Israel, Jerusalem

2Soreq Nuclear Research Center, Yavne

The major tectonic lineaments in Israel are directed perpendicular or
at 45° to the major trend of the Rift Valley, These features are clearly
delineated by satellite photographs, Field work has found evidence of con-
centration of Fe and Mn oxide type mineralization within these lineaments
not only in Israel proper, but in neighboring Sinai, Jordan and Egypt. The
mineralization is frequently denoted as veins, lenses, impregnations and

staining on country rock. The major Fe - Mn elements are often associated

with high concentrations of trace metals - predominantly Ba, Zn, As, V, Mo,Ni,

Cu, Sr and Pb, High concentrations of these trace metals reach from 0.1 up
to 1% of the total weight of the sample, These anomalies clearly stand out
when contrasted to the low concentrations of these elements found in the
country rocks, mostly Judean limestones and dolomites. The trace metal as-
semblages vary locally, It should be emphasized though that where the Fe
and Mn veins contain the highest trace metal concentrations they are situa-

ted along the transverse tectonic lineaments.
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CONTACT METAMORPHISM PHENOMENA IN SOUTHEASTERN SINAI
A. Itamar, A. Zilberfarb and M. Beyth

Contact metamorphic phenomena are known from various locations in
southeastern Sinai. These include a calc-silicate bed within the volcanic
sequence at Wadi Feirani (Bentor and Eyal, 1971); contact metamorphism
in the Kid meta-sediments adjacent to intrusive granites (Shimron, 1970);
contact metamorphism with resulting mineralization between diorite and
granite in the Igdi Plain (Bogoch and Zilberfarb, 1974); contact
metamorphism and the ultrabasic rocks near Dahab (Nathan and Zilberfarb,
1980;; and an overprinted contact metamorphism in the Shahira area (Reimer,
1980).

Metamorphosed units were identified in the Loge area by Pezaro (1973)
and in the Ardini area by Itamar (1975). In these, and other areas, where
the stratigraphy was unclear, contact metamorphic effects were observed.

It has thus become clear that the distribution of contact metamorphism
in southeastern Sinai is widespread both in the geographic and stratigraphic
sense. Its effects are noted in rocks belonging to the earliest regional
metamorphic sequences (amphibolite-migmatite?, in younger metamorphic
sequences (greenschists), in the Feirani volcanic sequences, and even in
younger rocks. A summary of certain of these phenomena is presented with
greater detail from the Loge and Tarr areas.

The metamorphic phenomena in the various areas show, on the one hand,
a great similarity in elements such as texture, degree of metamorphism and
mineralogy, and on the other hand, dissimilarities such rock composition and
factors causing the metamorphism. Analysis and comparison between the
phenomena of the various areas noted below will help to understand the
contact metamorphism which is common to all of them.

In the Loge-Ardini area, there are two metamorphic bands, each about
5 km long and 200 m wide. The contact metamorphism in these areas is present
in rocks belonging to the old regional metamorphic complex, passes into

the volcanic rocks of the Feirani sequence and into the diorite and dolerite
dikes crossing most of the rocks in the area. There are transitions from

one texture to another and from metamorphic to non-metamorphic rocks,

within the same 1ithology and within a short distance (locally over only

a few centimeters). The metamorphism is particularly strong in calc-silicates
which became skarns. These show a zoning with a nearly pure grosseler/
andredite center, bordered by tremolite quartz and feldspar and rimmed by
hornblende-edenite with quartz and feldspar.

In the Tarr area, all rocks show a contact metamorphic overprint on
the regionally metamorphosed Kid group. The former is particularly well
displayed in the carbonate rocks which vary between relatively unaffected
marbles to skarn, even in one stratigraphic unit. The contrast between
the regional greenschist facies and that of the high grade contact
metamorphism is particularly prominent. The phenomenon is accompanicd
by copper mineralization.
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In Wadi Feirani a carbonate horizon, which underwent contact
metamorphism is found within the Feirani sequence which shows almost no
signs of metamorphism (Bentor and Eyal, 1970).

In the Igdi Plain a linear diorite with- garnet and pyroxene from
its contact with granite and pegmatite. In this contact metamorphic zone,
the garnet-pyroxene decreases away from the contact, leaving mainly
biotite. The contact area contains copper and tungsten minerals (Bogoch
and Zilberfarb, 1974).

Along the Dahab coast, harzbyrgite is metamorphosed at its contact
with migmatites and amphibolites. The ultrabasic rock has a central zone
of anthophylite, an intermediate zone area of talc-chlorite, and an
external area of phlogopite. It should be noted that in contrast to the
previous examples, the contact metamorphic facies is here lower than the
older regional facies (Nathan and Zilberfarb, 1980).

A further complication in all these areas is the presence of a later
retrograde phenomena developed on all types of metamorphic phenomena,
including those of contact metamorphism.

Identification of the contact metamorphism phenomena in the areas
noted and in others, permits a separation of different events, allowing
a more exact determination of the facies related to the regional metamorphism.
From the conclusions stemming from this study, it is clear that the majority
of contact metamorphic phenomena are linked or are later than the large
granitic phases of Sinai, whereas the dynamo-thermal regional metamorphism
was prior to them. It also becomes clear that many of the metallic
mineralization phenomena accompany the contact metamorphism and the
identification of this metamorphism is 1ikely to help in pinpointing ore
deposits.
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RELATIONSHIP OF SIZE OF THE CATCHMENT AREA AND
THE QUALITY OF GROUNDWATER IN ARID ZONE COASTAL
ALLUVIAL FANS

Y. KOLTON
TAHAL Water Planning for Israel Ltd.

The alluvial fans fringing the coast of the Gulf of Eilat contain

exploitable groundwater reserves. The salinity within many of the fans

was measured. Test boreholes were drilled into representative fans and the
following features observed : (a) Fresh waters reside within a fan as semi-
lenticular bodies floating upon saline sea water ; (b) At the interface
between the two bodies is a zone of diffusion. This zone has a steep
salinity gradient that can vary in thickness between 5 - 20 m;

(c) The dimensions of the lens differ from fan to fan in relationship to
the catchment area.

In fans that are derived from small catchment areas, the fresh water lenses

are very thin and the zone of diffusion extends close to the water table.

The main factor influencing the freshwater lens is the storage capacity of
the wadi fill that recharges each individual fan.
When exploring for groundwaters in similar type areas, the best water quality

should be expected in the areas draining the largest wadis.

The relationship; Catchment area / ground water salinity
of Alluvial fans in E{lat Gulf
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GEOLOGICAL EVOLUTION AND THORIUM-URANIUM AGES OF QUATERNARY

CORAL REEFS IN SOUTHERN SINAT

2
J.Kronfeldl, G. Gvirtzman and B. Buchbinder2

1
Dept. of Geophysics and Planetary Sciences, Tel Aviv University

2
Geological Survey of Israel, Jerusalem

Three elevated terraces of fossil coral reefs are found along the coasts of
southern Sinai. The modern fringing reef forms a fourth terrace at mean sea
level. Thirty-four absolute ages of well preserved corals from the four terraces
have been measured. The age clusters fit the odd isotopic stages 1, 5, 7 and 9
and represent high-stand sea-levels that correlate favorably with similar coral
reef ages from other parts of the world.

It appears that each morphological terrace does not necessarily represent
a single event of deposition of a genetic reef-complex. A morphological terrace
may be composed of several superimposed reef complexes, as a result of repeated
high-stand sea-levels at the same elevation in different times. Furthermore, a
single reef complex may have been divided later by erosion into two separate
terraces. These considerations and the field relatioff between the dated samples
and the morphological terraces, lead us to the interpretation that although four
reef complexes of different ages are found in southern Sinai, they do not necessarily
match with the four morphological terraces.

The oldest reef complex D corresponds to the highest terrace I (+30 m m.s.1.).
This reef has undergone almost a complete aragonite-calcite replacement. Only
two aragonitic samples were dated as 306 K and 289 K BP. This reef complex
probably represents the high-stand sea-level of stage 9. Reef complex C forms the
landward side of the next terrace II (+25 m). Four samples of this reef yielded ages
of 128 K and 132 K BP in one location and ages of 216 K and 169 K BP in another

location, Although the ages are contradictory, we tend to relate reef complex C
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to stage 7; however, this assumption needs further clarification. Reef complex B
builds the seaward side of terrace II (+25 m) and terrace III (+15 m). The
morphological separation into two different terraces occurred later. Seventeen
dates of this reef cluster around 81 K - 141 K BP time interval and therefore
reef B relates to the high-stand sea-level of stage 5. Reef complex A, which forms
terrace IV (+2 m to -1 m m.s.l.) makes up the modern fringing reef; its seaward
edge forms the living part. Eleven dates of this reef cluster around the 2. 5K -
6.5 K BP time interval and the reef is related to stage 1 (Holocene).

It is noteworthy that a single sample from the landward side of terrace IV
vielded an age of 49 K BP. However, since the sample is partly replaced by calcite,

the age is doubtful and does not necessarily indicate a high-stand sea-level of stage 3.
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THE STRUCTURE OF THE ARNONA DEEP AND
ADJACENT AREAS, CENTRAL GULF OF ELAT

MART, Y., The National Oceanographic Institute,
Tel-Shikmona, Haifa

SIMPSON, E.S.W., Institute of Oceanography,
University of Capetown, South Africa

A series of high resolution seismic reflection profiles
was carried out at the central part of the Gulf of Elat,
in order to study the detailed structure of the Arnona and
the Aragonese Deeps located there. The Gulf of Elat is
known to be the scuthern section of the Dead Sea rift, and
the seismic survey showeu that in the deeper part of the
gulf, between the boundary faults of the rift, there are
anticlines and lenticular grabens. The structural axes of
these anticlines and grabens are oriented approximately
parallel to the boundary faults of the rift. The struc-
tural relationships between the various faults, grabens
and anticlines indicate that after a lenticular graben was
formed at the sea floor it was filled with a well—bedded.
sequence of sediments. A tectonic uplift along the axis
of the lenticular graben led to the widening of the graben
and to the evolution of the axial anticline. The widening
of the graben caused the subsidence of its floor in spite
of the anticlinal evolution, so that the steeper the anti-
cline, the deeper is the sea floor, until a new lenticular
graben starts to develop between one of the anticline

flanks and the boundary fault. The data indicate that the
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tectonic regime that shaped the southern section of the
Dead Sea rift is of simultaneous uplift and temsion. It
is presumed that this regime is associated with the crus-
tal thinning underneath the Gulf of Elat and the thermal
anomaly in the upper mantle there. It is suggested that
the Dead Sea rift is an incipient spreading center, exten- ‘

ding from the Red Sea.
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PETROGRAPHIC EVIDENCE FOR THE ORIGIN OF THE BIRKET RAM XEHOLITH SUITE

David W. Mittlefehldt

Dept. of Geology and Mineralogy
Ben Gurion University of the Negev
Be'er Sheva

The xenolith suite of Birket Ram is a bimodal population of rock types,
comprising a group of ultramafic cumulates and a group of granulite facies
metamorphic rocks. The granulite facies nodules include garnet granulites and
amphibole granulites. In some of the coarse-grained garnet granulite xenoliths
relict igneous textures are preserved indicating a plutonic igneous history for
some of the granulites. The general basic composition of the garnet granulites
supports an origin as gabbroic bodies intruded into the crust for the coarser-
grained members of the suite. Some of the fine-grained garnet granulites show
a homogeneous distribution of clinopyroxene and plagioclase, and a fine-grained
volcanic parent may be indicated for these rocks. Garnet often encloses
crystals of clinopyroxene, plagioclase, apatite and/or opaques. The texture
suggests metamorphic growth of the garnet, rather than igneous crystallization.
Therefore, a possible origin for the garnet granulites is crystallization of
basic magmas as volcanics and intrusives, followed by burial to the granulite
facies P - T regime. The amphibole granulites generally show evidence for
replacement of clinopyroxene and garnet by amphibole. However, in some
xenoliths the amphibole is in textural equilibrium with clinopyroxene and
garnet. This suggests a period of metasomatism followed by recrystallization
within the granulite terrain.

The ultramafic cumulate xenoliths are in general amphibole clinopyroxenites
to clinopyroxene amphibolitites. The ratio of clinopyroxene to amphibole is
?uite variable and almost amphibole-free clinopyroxenites and clinopyroxene-

ree amphibolitites occur. Some nodules are very rich in opaques and a few
apatite-rich nodules are found. Olivine is rare, but one amphibole-olivine
clinopyroxenite was found. The clinopyroxene is generally in reaction relation
with the amphibole, and ragged, optically continuous (but not physically
continuous) clinopyroxene anhedra are found poikilitically enclosed within
amphibole. Occasionally, clinopyroxene and amphibole share non-reacting
borders, showing that these phases co-crystallized. These textures are what
one would expect for the crystallization of a hydrous alkaline basalt such as
the typical Golan basalt based on phase equilibria studies. In some nodules
however, clinopyroxene encloses ragged anhedra of amphibole and other nodules
show porphyritic texture in which coarse-grained clinopyroxene and amphibole
anhedra coexist with finer grained subhedral to euhedral clinopyroxene. This
indicates replenishment of the fractionated melt with a relatively unfraction-
ated magma, causing clinopyroxene to be the stable liquidus phase again.

Some composite xenoliths containing nodules of granulite facies rock
enclosed within ultramafic cumulate material show that the parent magma of the
ultramafics intruded the granulite facies terrain. There is no conclusive
evidence that the hydrous alkaline basalt was the source of the fluids that
metasomatized the granulite facies xenoliths.
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Tectonic shorelines, southern Gulf of Eilat: Recent crescentic slumping ?

Ithamar Perath. The Geological Survey of Israel.

ABSTRACT
The southern shores of eastern Sinai, and the opposite-lying Arabian
shore, display a peculiar baylet morphology. These are regarded as crescentic
slump gears formed along a great fault escarpment. This fault is part of

a N 35°E lineament of active sinistral shearing stress, causing tensional
stretching of Ras Muhammad and seismicity more to the southwest.

The Gulf of Eilat in its present form is a recently-formed section
of the Red Sea Rift. Its bottom consists of 4 rhombic grabens, aligned
en echelon (throws of more than 7 km, water depths 900-1200 m. Ben Avraham
et al., 1978). Horizontal strike slip along the Sinai east coast amounts
to 60 km. Morphotectonic features dominate both sea bottom and coastal
areas.

Most shoreline outcrops are of exposed or thinly-covered Precambrian
igneous basement, but south of Ras e-Tantur the shore is largely formed by
the Ras Um-Sidd Formation, (Perath, 1977) a Pleistocene coral reef
interfingering with cobble beds, raised up to 35 m above present sea level.
On the opposite Arabian shore it extends somewhat farther northward.

From Ras Nasrani southward to Ras Muhammad the coastline presents a
“nibbled" appearance, due to the regular incidence of small semicircular
baylets. These are about 1-2 km wide seaward, and penetrate circularly
about ]/2 - 1]/2 km landward. The same morphology is observed on the
opposite, Magna' - Ras Fartaq coastal stretch.

Between Eilat and Ras Nasrani, only about 55-60 such baylets are
distributed along some 200 km of coast (1 per 3-3]/2 km). Between Ras
Nasrani and Ras Muhammad, some 35 baylets 1ine 40 km of coast (1 per 1 km),

with even greater densities on the opposite shore (1 per 600-700 m).
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Some of the baylets consist of compound semicircles.

Baylets are commonest in the Ras Um-Sidd Formation, but not confined
to it. Their shape has no demonstrable connection to rock structures or
fossil reef anatomy (Reef growth is convex seaward; sinks and solution
basins are fully circular, and in any case very rare). Nor are the baylets
drowned stream valleys, since creeks seldom flow into them (3 out of 35;
very young and short channels r;epresenting stream capture caused by the
baylet), and they all lack submarine canyons.

Marine abrasion, often a shore-shaping factor, is ruled out under the
tranquil wave regime and negligible tides of the Gulf of Eilat. Thus, by
exclusion, a tectonic explanation is favored, and this for 4 additional
reasons, here discussed: 1. The baylets are positioned upon a prominent
tectonic lineament; 2. they are young superimpositions on the drainage
pattern; 3. they possess well-pronounced slump scar geometry; 4. some

of them are associated with recent and subrecent landscape change.

1. The embayed sections of the Arabian and Sinai shores are aligned on a
slightly sigmoid 1line, striking N 35° E, which connects the Arabian
and Sinai shores through the Strait of Tiran, where it forms the reef-
bearing ridge that separates the Tiran deep in the northwest from the
Hume deep in the southeast. The strong bathymetric slopes of this
ridge (more than 1400 m depth over less than 2000 m of distance) show
it to be a tectonic feature. The SW prolongation of the tectonic line
strikes precisely at the Shadwan epicenter (Arieh, 1969). The
seimicircular northeastern boundary of the Red Sea east of south Sinai,
also an intensely embayed shoreline, is possibly an offshoot of this

Tine.
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The unindented coast between the baylets is sculpted by three
consecutive marine terraces, of which the lowest (2-5 m) and youngest
is 108-140,000 years old (D. Yaron in Gvirtzman, 1975). The concave
inner shoreline of all baylets is unterraced, indicating that they
were formed after the youngest terrace, when the sea was at its
present level, or lower. Only tectonism can explain the rapid
formation of structural features this size.

Moreover, on the eastern shore of Ras Muhammad, which is raised
higher than elsewhere, the c]jff lining the baylets truncates a
shallow wadi system that flows from the rim landward, leaving small
hanging valleys. This points to recent downfaulting of a high area
to the east, now drowned.

Recent entrenchment is also observed in Wadi 'Awaga, which flows
into Solomon baylet north of Mount Safra, laterally capturing a small

section of the widely-flowing Um-Markha valley.

The theater-shape of all the baylets can be seen, geometrically, as
scars or compound scars in a rectangular edge, from which a slanting
semi-cylindrical prism has been scooped out. The projected axes of
these cylinders (several intercutting cylinders, in some cases) fall
upon two lineaments, ]/2 - 1 and 1-2 km offshore. It can be show

that such semicylindric scars may result from crescentic slumping,
which must occur if the rectangular edge is a normal fault. Compound
scars would result from repeated faulting, and/or the removal of

slump debris by further sliding or by submarine transport. Bathymetry,

showing no indication of slump cones, favors this mechanism.
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The above-suggested mechanism (tectonic triggering of crescentic

fault-scarp slumping) is supported by the presence of two landscape

features, of evident recent origin:

a.

b.

A curvilinear (concave eastward) open tension crack, about 800 m

long and consisting of two trenchlike sections (2-3 m deep,

3-4 m wide), connecting the baylets of Marsa Abu Muneisil and

Cliff bay. A similar set of cracks (regrettably, damaged by
earthworks) branches of the wings of Na'ama bay. A similar long

tension crack occurs on east Ras Muhammad, below Trig. 42.

A small crescentic slump which occurred shortly after the March '69
earthquake at Hashabi baylet, widening it by several metres.
Changes in the outline of this baylet can be followed since 1906.

The baylet-forming mechanism may be connected to the lateral
tension which affects the eastern Ras Muhammad peninsula:
tectonic stretching causes recent fissuring and crevassing of the
surface, and flooding by seawater of a fossil karst system. The
direction of stretching coincides with the Strait lineament and
with the Shadwan.epicenter, at:the entrance to Jubal Strait.

It is suggested that present-day morphology and seismicity of
the area point to a sinistral shearing stress between the Red Sea -
south Midian (Arabia) block (which includes Tiran Island), and the
Sinai Peninsula - Gulf of Eilat. The baylet morphology is a transient

phenomenon in the overall process of regional rifting.
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SOME REMARKS ON THE MIGRATION OF FOLDING ALONG GEOLOGICAL STRUCTURES

R. Roded

Geological Survey of Israel

The purpose of the present work is to reconsider the hypothesis on the
post Neogene folding of the 'Ef'e Anticline and Rotem Basin ('Ef'e Syncline).

This hypothesis on the migration of folding towards North-East (Freund,
Zak, 1973) was based on an progressive increase in elevation of the Top
Conglomerate of the Hazeva Formation (Ashalon Member, Harash, 1967), which
was deposited on an errosive plain on the South-Eastern flank of 'Ef'e
Anticline. The elevation of this conglomerate was compared with the elevation
of the same conglomerate in the 'Ef'e Syncline., According to the folding
migration hypothesis the elevation of the Top Conglomerate found on the 'Ef'e
Anticline is increasing towards North-East and the elevation of the conglo-
merate found in the syncline is decreasing in the same direction. If so, the
amplitude of the fold increases towards North-East and the age of folding
is younger in the same direction.

Recent rechecking of the Top Conglomerate on the 'Ef'e Anticline flank,
shows that this elevation varies between 385 m in the South-West to 395 m
few kilometers to the North-East.

Furthermore the same conglomerate was found in the Syncline at the
elevation of 380 to 385 m. The decrease in elevation of the conglomerate
towards North-East, which was attributed to an increase in the folding
amplitude, is now interpreted to a decrease on elevation of a younger
redeposited conglomerate forming fluviatile terraces, belonging to the present
day hydrographic system. Therefore the elevation of the Top Conglomerate
found on the 'Ef'e Anticline flank, was previously compared with the elevation
of a younger conglomerate found in the Syncline.

The Top Conglomerate containing allochtonous "imported" chert, which
was found in the syncline at the elevation of 380 to 385 m, has a fairly
strong carbonate matrix in all the outcrops at this elevation. However, the
younger conglomerates forming terraces, have a loose detritic matrix. It is
to be noted that the sandy Rotem Member, contains also thin horizons and
lenses of allochtonous "imported" chert in various places in the section.
Towards the top of the section, the presence of allochtonous chert is more
frequent, and the uppermost part of the section which is conglomeratic was
called Ashalon Member (Harash, 1967).
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Another outcrop of conglomerate, found just North of Nahal Heimar at an
elevation of 200 m which was supposed to show further increase in the folding
emplitude towards North-East is not at all the Top Conglomerate, but a young
fluviatile terrace builtup by a loose conglomerate eontaining mostly sub-
angular elements of Mishash Chert, sub-rounded elements of limestone and
-dolomite and almost totally laking allochtonous "imported" chert elements.

In conclusion: The migration hypothesis of the folding age in the 'Ef'e
area, which was based on the elevation differences between the outcrops of
Top Conglomerate on the 'Ef'e Anticline flank and the conglomerate outcrops
in the syncline, does not compare conglomerates of the same age. Furthermore,
the errosion plain on the 'Ef'e Anticline flank on which allochtonous
"imported" chert relicts were found, has the same elevation of 385 m as the
conglomerate with a carbonate matrix which is considered as the Top Conglo-
merate, found in the syncline. The high elevation of the Top Conglomerate in
Arad area is attributed to the general young uplift of the Judean and Northern
Negev backbone.
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On the evolution of the Jordan - Dead Sea Rift

Nachman Schulman - Dept. of Geology, The Hebrew University

The various tectonic models of the Jordan -Dead Sea Rift were, as
a rule, inspired by the world-wide tectonic theories prevalent at the
time of their shaping. Modern tectonic interpretation of the Jordan-
Dead Sea Rift begins with Quennell's (1956) model, which followed the
identification of large-scale transcurrent faults with remarkable horizon-
tal displacements, in the USA, Scotland, New Zealand and elsewhere.

In his structural analysis Quennell applied Anderson’s dynamic theory
and based his interpretation on two preconceived maxims:

a. The differential movement of riéid blocks involved the sialic
crust only and, therefore, the pull-apart of the Dead Sea trough exposed
the basaltic layer at its bottom. This interpretation, common in many
parts of the world at this time, came to explain the relatively shallow
seismicity observed along the major transcurrent faults.

b. All post-Jurassic structural features in the whole area are part
of the Rift system and are causally connected with it. This too was in com-
pliance with the structural interpretations, predominant at those times,
which attributed all the structural features on a global scale, to the stress
field originated by the major transcurrent faults. Moody and Hill (1956) ex-
pounded this approach in the extreme. A similar reasoning guided Freund
in all his works, expécially in his brilliant and consummate structural
analysis of 1974. In this paper Freund accomodates the entire 105 Km slip

in the extension of the Red Sea in the south and in the compression in the
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Zagros - Taurus range in the north.

1968 marks the birth of the plate te.tonics hypothesis, which
was enthusiastically accepted by most geologists. This comprehensive,
all-embracing theory summons the regional tectonic analysis even on
a limited scale, to congruency with the global pattern of motion. The
main principles of plate tectonics are the global pattern of balanced
motion and the assumed locale of the differential motion at the lithosphere-
asthenosphere boundary. The new outlook of the regional geologists ex-
pands far beyong the confines of the limited geologic unit, and the un-
derstanding of the dynamic processes has to be sought for much deeper
than in the earth's crust. Plate tectonics theory had its impact on the
ideas expressed by Garfunkel and by Schulman in 1979 and 1980. The Kine-
matic model of the Rift must fit, quantitatively and phenomenologically,
the evolutionary stages of the Red Sea, the lithospheric plate motions
and the :sthenospheric processes. There are, as yet, few data concerning
the evolution of the Red Sea, which are not controversial.

Hand in hand with the large-scale tectonic analysis, a well-founded
structural model should explain also the smaller, secondary features, di-
rectly associated with the Rift. The areal distribution and variation
of the rim structures is known: Sinistral strike-slip faults (post-

Early Miocene) in east Sinai subparallel with the Gulf of ‘Elat; transversal
destral strike-slip faults (post-Early Miocene) in north Sinai and central
Negev, younger than and discordant with the major folds; small compressive
structures along the Arava; normal faulting in the Dead Sea area; normal

step-faults on both sides of the Jordan Valley.



58

Seismic data from east of the Jordan led Nur and Ben-Avraham (1978)
to explain the absence of horizontal=slip features in the Jordan Valley
by postulating a gradual, lateral diffusion of the relative slip along an
array of branching faults - the total slip decreasing from south to north.

Recently, detailed micro-structural analyses are being carried out on
a regional scale, as well as in limited, critical areas. No doubt, these
works will yield valuable information on the tectonic evolution.

All in all, it seems that a thorough deciphering of the age of
initiation of the Rift, as well as a more precise and detailed timing of
its evolutionary events, are of paramount importance in defining and constrain-
ing the tectonic interpretations. For the time being, the information

on the thickness, nature and age of the grabenfill is scarce and controversial.
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THE GEOLOGICAL MAP OF THE MAKHTESH RAMON AREA (COMPILATION)

Amit Segev

Geological Survey of Israel, Jerusalem

Compilation of some geological maps from the Makhtesh Ramon area was
carried out within the framework of the uranium prospecting project headed
by the Geological Survey of Israel and the Nuclear Research Center, Soreq.

The source maps differ in scale, level of details and date of comple-
tion. The maps were adjusted to a 1:50,000 scale. Two small areas which

were not mapped previously were completed by photogeology.

Source maps:

Bar, G., 1981 (in preparation), The Geology of Arif-Betor Line, Ma'ale Ha-
meishar Area. M.Sc. thesis, Hebrew University, Jerusalem (in Hebrew).

Bentor, Y.K. and Vroman, A., 1964, The geological map of the Negev,
1:100,000, Har Lotz sheet, Geological Survey of Israel.

Garfunkel, Z., 1964, Some Tectonic Problems in the Ramon Line. M.Sc. the-
sis, Hebrew University, Jerusalem (in Hebrew).

Garfunkel, Z. and Katz, A., 1967, New magmatic features in Makhtesh Ramon,
southern Israel. Geol. Mag., 104, pp. 608-629.

Itzhaki, Y. and Starinsky, A., 1964, Geological map of Nahal Nekarot,
1:20,000, Geological Survey of Israel.

Katz, A., 1968, Petrological and Geochemical Problems in the Mahmal Forma-
tion, Ramon Crater. Ph.D. thesis, Hebrew University, Jerusalem (in
Hebrew) .

Nevo, E., Mazor, E., Shilo, A. and Zak, I. (under supervision of Y. Bentor
and J. Friedman), 1958, Geological map of Makhtesh Ramon, 1:20,000.
Geological Survey of Israel.
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Geological Survey of Israel.
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A PLATE TECTONIC FRAMEWORK FOR THE SINAI PRECAMBRIAN -
A WORKING HYPOTHESIS

Aryeh E. Shimron

Geological Survey of Isrzsl

The earlier phases of the Proterozoic evolution of the Sinai Peninsula
can be divided into three major tectonothermal and magmatic events:

1) The formation (deposition, magmatism, polyphase deformation and amphi-
bolite facies metamorphism) of a basal succession (s), which is here-
after referred to as the "Basal Complex".

2) The erruption of calc-alkaline volcanics and deposition of closely re-
lated volcaniclastic, flyschoid and turbiditic sediments, their defor-
mation and metamorphism, producing the Volcanic Arc Complex.

3) The emplacement of mafic, ultramafic and soda-rich felsic complexes.

The Basal Complex which incorporatés the Feiran and Elat Groups of
high grade metamorphic rocks seems to have developed as an early crustal
block in Sinai, at least 850 m.y. B.P. and véry probably 960 m.y. B.P.

The volcanic arc region incorporating the Kid and Sa'al Groups developed

somevhat later, between 850 and 640 m.y. B.P. The final major tectono-

thermal upheaval which culminated in a regional recumbent fold and thrusting
event and the emplacement of the oceanic crust-mantle association appears to
have taken place at about 620 + 10 m.y. B.P. and accordingly these basic

and soda-rich rocks show only the final tectonic imprint and the more

reliable isochrons. The geochronological evidence, from many sources, although

still somewhat controversial, suggests that a period of at least 350 Ma
elapsed'between the initial metamorphism of the Basal Complex and the final
invasion of the region by Pan African calc-alkaline and alkaline batholiths

and lavas, circa 600 + 20 m.y. B.P.

The plate tectonic scenario has been influenced by the following
propositions:

1) The late kinematic plutons and metabasite (schistose) dykes in the basal

complexes of Feiran and Elat are the result of a phase of rifting and
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crustal attenuation along a continental margin. This dyke swarm probably
separates the earliest from the later Proterozoic events in Sinai since it
is absent from the Volcanic Arc Complex.

2) The calk-alkaline high Na/low K volcanic arc rocks show features characte-
ristic of present day convergent plate margins (i.e. western Pacific),
resembling in particular the Japanese archipelago with its continental
basement substratum and a long history of evolution. Criteria such as
the greater abundance of pyroclastic rocks rather than flows, flysch-
turbidite interbeds and the combination of a high T/low P metamorphism in
the backarc region (Dahab Ophiolite) and apparantly low T/high P meta-
morphism in the forearc region (see below), taken together distinguish the
Sinai volcano-sedimentary system as an arc deposit.

3) The metamorphosed harzburgite peridotite-layered gabbro-greenstone complex
(Dahab Ophiolite) along the northern portion of the volcenic arc is a
section (Fig. 1), albeit incomplete and fragmented, of oceanic crust and
mantle and thus very probably an ophiolite. A thermal aureole increasing
in grade towards the ophiolite suggests a high thermasl gradient typical of
marginal basins in which the ophiolite evolved. However, the possibility
that this complex represents the root or substratum of the arc succession
to the south may not be entirely ruled out.

4) The Kid volcanic arc sequence (Heib Formation, Fig. 1), is separated along
its southern margins from a dominantly sedimentary marl-shale-greywacke
sequencev(Tarr Formation) showing a different tectonothermal history, by
a series of generally E-W trending tectonic lineaments which notably
produce no obvious dislocations. These complex zones are, however, belts
of continuous mobility which are preferentially located along & major
turbidite sequence (Beda Turbidites) with slide conglomerates and a tec-
tonic, but also what appears to be an olistostromal méiange, exceeding
3 km in width. The Tarr belt of unique magmatic and metasomgtic rocks
containing albitites, trondhjemites, Mg-Fe carbonates, ubiquitous rutile
and actinolithic amphiboles often forming a massive polyphasal breccia

matrix, was emplaced into this setting. Both stratigraphic and tectonic
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control for emplacement is evident and the complex is interpreted as
delineating a subduction zone for the followingAreasons:

a) The entire sequence of turbidites, major units of resedimented conglo-
merates and what are interpreted as olistoliths of tuffaceous mud slide
deposits and large (> 50 m) blocks of other volcanic units rest often
within an chaotic albitite-actinolite-carbonate network. Although not
an ophiolite sensu strictu, the up to 10 km long and 3 km broad unit shows
many similarities with an ophiolitic m€lange found in subduction trenches.

b) The tectonic lineaments (wadies Hatamyia, E1 Pah, Samra and others) are
believed to be manifestations of contrasting tectonic events, first an
underplating or underthrusting (subduction) which was followed by shallow
angle thrusting. The latter may reflect the southward propagation of
thrust sheets seen along wadi Kid, from the Dahab Ophiolite belt. It may
22so indicate a "tectonic rebound" following subduction, which also caused
the chaotic mixing of trench rocks with deep and shallow level Na-rich
felsic, mafic and carbonate magmatic.phases. Much of the emplacement was
by forceful injection of highly differentiated gas-charged magmas into
these lineaments (Shimron, 1975).

c¢) The Tarr albitite-carbonate complex indicates by the very nature of its
chemistry, mineral assemblages and tectonics (Shimron, 1975, 1980;

Bogoch, 1980) a mantle origin. The existence of a comagmatic igneous
suite incorporating trondhjemites (mostly albitites), Mg-Fe carbonates
and mafic with ultramafic rocks points to partial melting at great depths,
of eclogite, high Na/low K tholeiite or amphibolite. A subduction zone
provides a ready mechanism for fusion of mantle at such depths.

d) Arth et al. (1978) have pointed out that trondhjemitic liquids leaving
behind a residual hornblende fraction can form by fractional crystal-
lization or partial melting in the lower crust or mantle and Koster Van
Groos (1975) has shown experimentally that Mg-Fe carbonates will form
an immiscible fraction at CO2 pressures greater than 10 kb (corresponding

-to at least 35 km depths). It is perhaps interesting that such conditions
are close to the depth of crystallization of both pumpellyite-lawsonite
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and jadeite bearing rocks in classical (post Precambrian) high pres-

sure subduction terrains. Both the existence of Mg-Fe carbonates in

the presence of eclogite and the retrograde production of albite from

the breakdown of jadeitic pyroxene in the presence of quartz are known

in high pressure Alpine ophiolite regions. Furthermore, the carbonate

sequencé breunnerite-dolomite-calcite (also forming during high to low

P decompression of synthetic peridotite) and the high pressure tita-

nium polymorph rutile (characteristic of granulite and eclogite facies

terrain) are a distinctive peculiarity of the Tarr complex. In addi-

tion serpentinization, abundant talc and peculiar high temperature calc-

silicate rocks (meta-rodingites ?) and possibly retregraded eclogite

xenoliths in gabbro-hornblendite blocks (Shimron and Bogoch, in prep.)

are also present and distinguish the area as a high pressure complex.

The entire secticn from Basal Complex to subduction zone in southeast
Sinai is at most about 40 km across, hardly sufficient for a back to fore-
arc section in present day examples. However, most of the Kid volcanic arc
system has already been extensively denuded before metamorphism and further-
mofe, vertical isoclinal followed by recumbent folding and the Juxtaposition
of thrusts-nappe units probably resulted in a tectonic shortening estimated
to have been at least 200%. Subduction and resultant crustal shortening
could not however be fully compensated by thrusting and the juxtaposition of
napps. Strain was transfered to major NNW (320°) and finally NNE (020°)
fracture-shear zones such as are represented by the Catherina and Agram (Sa'al)
lineaments. These zones of high strain and heat flow were belts of continuous
magmatic, volcanic and tectonic activity since at least before circa 610 Ma.
The Agram lineament delineating the SW boundary of the Sa'al Group, is a left-
lateral fault zone of about 50 km slip along which the Sa'al Group was ripped
away from the Kid Group during the culmination of the Pan African subduction,
and the regional NNW tectonic and metamorphic overprint.

The whole region briefly described may represent vestiges of a Proterozoic

analogue to more recent paired metamorphic belts such as characterize the

western Pacific arc terrain.
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Fig. 1. N-8 section (schematic) across the Kid Group showing the major
tectonic and stratigraphic units, major thrusts and configuration
of metamorphic isograds. The proposed plate tectonic framework is
indicated below. The Malhak Formation mafic lavas and Sharira
gabbro-peridotite represent the Dahab Ophiolite. Proposed subduction

complex lies between the Tarr and Heib Formations.
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THE NATURE OF Mo - Cu DISPERSION IN WADI SEDIMENTS EMANATING
FROM THE HATIMIYA-SAMRA MINERALIZATION (SOUTHERN SINAI)

A. Zilberfarb, S. Ilani and A. Itamar
Geological Survey of Israel

The dispersion of metals in wadi sediments of arid evnvironments has a
specific nature. The main factors in determining dispersion are the specific
gravity of the mineral(s), type of mineral (sulfide, oxide, etc.), type of
sediment (proluvium, alluvium, etc.), topography and form of energy producing
the dispersion (in this case, flow of water). For southern Sinai, the latter
two factors are most significant.

The mineralized area (Zilberfarb et al., 198l) is centered between wadis
Samra and Hatimiya. Mineralization occurs mainly in quartz veins cutting
meta-conglomerates and meta-volcanics of the greenschist facies of the Kid
metamorphic complex.

The mineralization occurs over an area of approximately 1 km?. The
main elements are Mo, concentrated largely in molybdenite and locally powel-
lite, and Cu, in chalcocite, chalcopyrite, chrysocolla and malachite.

The results of wadi sediment sampling indicate the presence of primary
and secondary dispersion. Highest concentrations of Mo and Cu occur in small
wadis in the mineralized area. This primary dispersion extends ~ 1.5 km from
the source. The secondary dispersion anomaly extends from 1.5 to 4 km from
the mineralization and is lower in magnitude than that of the primary disper-
sion.

A model of decreasing concentrations of metal as a function of distance
from the mineralization is not continuous. The high values occur in groups
(of samples), with varying intensities, surrounded on both sides by low val-
ues. This is explained as due to variations in water flow in the flood re-
gime of the area, resulting in irregular movement of anomalous material to

different distances from the source area.
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GEOLOGICAL SOCIETY, ELAT 1982

FIELD TRIP NO. 1: EXCURSION TO THAMAD

Y. Bartov and 6. Steinit:
Geological Survey, Jerusalem

Introduction
The aim of this field trip is to study the tectonics of the Thamad

fault and history of the area, mainly as reflected in the sediments of the
Sayyarim Formation. The Thamad fault is the southernmost fault of the Cen-

tral &inai - Negev fault zone (Bartov, 1974). It can be traced from the
Gulf of Suez (Gebel Sommar), across Sinai, reaching the Arava Rift Valley
Just north of Be’er Ora. Its continvation, offset some 110 km to the

north, is traceable in Jordan as the Wadi Dana fault. The Thamad fault is
considered to be a right lateral fault, having about 0.5 km horizontal dis-—
placement. Vertical displacemnts recorded are up to 1000 meters.Its age
postdates the 19-21 m.y. magmatic phase.

3638 34 38 38 34 38 38 38 3 38 38 3 3 31 34 38 34 3F 34 3F 34 3 3 3 34 34 3¢

From Elat we drive westwards through Nahal Shelomo to Elat Pass. On
the way we pass the Elat basement complex and the sedimentary sequence
(Cambrian—-Neogene) in the Shelomo Graben, the latter being one of the Dead
Sea Rift margin structures in this area.
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STOP NO. 1 (optiopal) CAMBRIAN SEDIMENTS

The Cambrian sequence comprises in this area of the Ampdei Shelomo and
Timna Formations, overlying the Infracambrian Peneplain.

Direct evidence for the age of the peneplain in this area is (Bielski,
1982):
1) The latest phase of granitic batholiths in Sinai and Elat area have been
dated by the Rb/Sr method as 580-600 m. y.
2) Rb--Sr whole rock isochron for the Amram Quartz-Porphyry, clearly under-
lying the peneplain, yields an age of 548+5 m. y. (see fig. 2). This iso-
chron represents the best age approximation for the Volcano-Conglomeratic
series (Bentor, 1961) consisting of alkali rhyolites, welded tuffs, ignim-
brites etc.
3) Mineral age resseting in the basement as dated mainly on biotites yields
Rb/Sr ages of 530-540 m.y.. which are interpreted as representing a thermal
event. This event has not been recorded, so far, from the sedimentary co-
lumn.
4) The marine carbonates of the Timna and Har Amram area yield fossils
(trilobites) of the upper lower Cambrian (Issafenian stage) (Parnes, 1971).

Bielski (1982) concludes that the Lower Cambrian section may be
younger than 530 m.y. . ©Gale and Odin (1981) suggest that the Precambrian
- Cambrian boundary be placed in the time interval 520 - 540 m. y
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STOP NO. ¢ (optional) HAREI NESHEF & MOON VALLEY

The Precambrian massif of Harei Neshef (B0 sq. km) is composed of late
Precambrian alkali-rhyolites (lavas, tuffs, and ignimbrites) and their hy-
pabyssal equivalents. forming part of the alkaline Katharina Province of
Sinai (Agron and Bentor. 1981).

The area is morphologically representative of the mature landscapes of
the internal parts of Central Sinai. Just a2 few km to the east we have
passed an area undergoing intense morphologic rejuvenation. The floor of
the Moon Valley is filled with young alluvial sediments derived from the
Judea Group exposed on mountains situated to the east of it.

STOP NO. 3 HASHAM-E-TARIF

This stop is situated on the Thamad fault (7 km west of Nahal Paran).
It is one of the localities along the Thamad fault exhibiting hydrothermal
activity which can be related to the fault (fig. 3).

The Thamad fault in this area exposes horizontal Hatira and Hazera
Formations on the southern block and a northwards tilted sequence of Creta-
ceous rocks (Hatira to Sayyarim Fm) on the northern block.

The mineralization body is located on the fault plane proper. extend-
ing some 200 x 150 meters. Rocks of the Hatira and the Hazera Formations
are affected. on both sides of the fault plane The mineralogy determined
so far (Bogosch and Wurtzburger, 1971) is: hematite, barite, goehtite, do-
lomite and tourmaline. These minerals are forming irregular zones showing
corrosion textures. In places massive hematite and barite are observable

Post mineralization movements are recorded as horizontal slickensides
on E-W trending fault planes in the ore body.

Other occurances of hematitic ore bodies are known on the Thamad fault
at Gebel-e-Risha (some 25 km to the west). Similar bodies are known in
several places along faults belonging to the Central Sinai - Negev Shear
Zone (the best studied is in the Paran area). .

N ) - a0 §

100 m ’ o Fig. 3
. 3

FI1G. 3. Geologic cross section, Hasham e Tarif area.
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FIG. 4: Mineralized area, Hashem e Tarif, looking south.

Fie. 5: Mamluke engraved inscription, at the road cut. Arqub el Baal.
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STOP NO. 4 RAHAM CONGLOMERATE

The Raham Conglomerate (Garfunkel et al, 1974) of Tertiary age is
overlying in this- area Eocene chalks and chert beds. In the vicinity of
the Thamad fault it is faulted and deformed. At this locality a sequence
of some 50 meters is exposed, generally similar to the type section at the
Raham Graben. north of Be’er Ora. The sequence is made of basal beds of
shales, containing reworked Eocene foraminifera, which are overlain by a
coarse bedded boulder conglomerate, having poorly rounded pebbles of up to
90 cm in size.

Garfunkel et al, (1974) who studied this formation concluded that a
structural relief of about 2 kilometers already existed in the vicinity of
the Gulf of Elat when this conglomerate was deposited, and that brackish
marine fossils that were found in the near shore outcrops indicate that an
ancestral Gulf of Elat already existed.

STOP NQ._ 9 MAMLUK ROAD CUT

20 km east of Thamad, in Eocene white chalk, a white road cut which
was built by the Mamluke Sultan Qunsuh el Ghuri between 1500 - 1510 will be
visited.

This pass which is about 9 meters wide and 1 - 3 meters high was part
of the work which was done by the Mamelukes along the ancient Darb el Hay
(Pilgrim Road) which included rebuilding of fortresses and water reser-—
voirs. At this stop two engraved inscriptions were left, commemorating
works at Arqudb el Baal.

Darb el Hay is a road which connects Elat to Suez and is considered to
be of biblical time ("Way of Mt. Seir"). It was vused by Moslems who pil-
grimaged from Egypt and N. Africa to Mecca. (For details on this locality
see Ilan, 1971)

STOP NO. & (optional) SAYYARIM FM., UPPER PART
THAMAD FAULT STRUCTURES

Just north of the road the upper part of the Senonian Sayyarim Forma-—-
tion is  faulted against the carbonates of the Turonian GCerofit Formation.
This part of the Sayyarim Fm consists here of an association of cherts,
chalks, porcellanites, phosphorites and concretionary carbonates. This
part of the section is known also in the Elat area but is not exposed
further west at any point close to the Thamad fault.

The trace of the Thamad fault is observable in the landscape as well
as secondary anticlinal features along it. These features are developed in
Judea Group limestones and dolomites. A correlation can be shown between
the ¢type of these structures and the trend/dip of the fault plane. Thus
they are considered to be genetically secondary features of the fault. The
important structural parameters of these secondary structures are listed
below.
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| eastern | type of ! dip of ! downthrouwn ! area

| coord. i fault i fault | to the !

! - ! ! ! -

! 095 ! - ! - ! North ! East of Abu Bteima

{0939 {"reverse” | &0 deg. N { South ! Eastern Abu Bteima dome

I 0925 {"reverse” | 85 deg. N ! South ! Wegstern Abu Bteima dome

i 0891 {"normal" | 88 deg. S { South { Garfet dome

{ 0880 ! - ! - ! North | Eastern 6. Risha dome

10865-0870 !"reverse" | 50-70 deg. S! North ! Central Gebel Risha dome

I 0852 {"normal" | 88 deg. N { North ! Western Gebel Risha dome

{ 0842 {"reverse” | 70 deg. N ! South ! Tarfan dome

t 0815 H - { 90 deg. { North ! Wadi Thamad syncline
8T0P 7

Crossing southwards of the fault zone we drive up one of the anticli-
nal structures (Abu Bteime). At the structural culmination we stop to ob-
serve the contact between -the Turonian Gerofit Formation and the Coniacian
Zihor Formation (Lewy, 1973). The section exposed at this locality is the
most developed in termes of Coniacian ammonite zones.

STOP 8 THAMAD JUNCTION - SAYYARIM FORMATION

At this station we observe the lower part of the Sayyarim Formation
Lithostratigraphic correlation with sections in the Negev show this part to
be equivalent to the Menuha Formation. The contact between the Menuha and
the Mishash equivalents is seen to the south of the outcrop. The section
consists of chalk, marl, shales, dolomites and phosphorites. In the Elat
area and southwards sandstone bodies are developed in this part of the sec-
tion.

Several dolomitic "dikes" are found in the observed section. Here
they are 5-50 cm thick and have a height of up to 30 meters. The lithology
of the discordant bodies is a sandy (silty) dolomite, locally slightly sil-
icified. Their form is wedge shaped. They are found only in the lower
part of the Sayyarim Formation and are terminating vpwards towards a single
phosphoritic bed.
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4. Gebel e Risha and Tarfan domes
along the Thamad fault.
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FIG. 7: Geologic map of the Thamad Area (in pocket).

FIG. 8: Structural map, Thamad area (in pocket).
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Dolomite (silty) dikes, southwest of Thamad (air photo).
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FIG. 10; Dolomite dikes. looking south

FIG. 15: Cherty limestone sedimentary dike, cut by the overlying biohern
and deformed, probably due to compaction.
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sTaP 2 WEST OF THAMAD - DOLOMITIC CLASTIC DIKES

At this locality we observe the structural parameters of two dolomite
dikes These dikes are part of a system which is mappadble from air photos
(fig 9). Within an area of 100 square kilometers hundres of such dikes
are observable Some reach a width of 2-3 meters and a length of 500 me-
ters (fig. 10) The two dikes visited at this locality are trending N-S
and one which connects them is trending E-W. Their width attains some SO
cm. In both cases 1t can be followed how they thin out downwards, their
continvation 1n the underlying chalk manifested as a vertical joint.

The spatial distribution of these bodies, their geometrical proper-
ties, their lithologic composition and their relation with the adjoining
sediments., all suggest them to be seafloor crevasses fillled by & si1lty
sediment Relicts of this sediment type are not found as a bed within the
sequence 1tself

At this station special relations are observale between concretional
dolomite bodies and the clastic dikes (figs. 11,12):
a) Concretions and concretional beds coalescence one into the other.
b) Concretions and concretional beds are never cut by the clastic dikes.
Rounded (typically "concretional®) edges of the former tend to be parailel
to the clastic dikes near them (keeping a distance of 5-20 cm).
c) These “phobic” relations between the two types of structures is noticed
in vertical and horizontal sections.

These geometric relations lead to the conclusion that the concretions
and the conretional beds are diagenetic features, formed within the sedi-
mentary column after the vertical disturbances were already developed to
their #full vertical extension. Thus the depth of formation of the concre-
tions can thus be estimated to be 1 - 10 meters below the sediment-water
interface

g7apP 10 NORTH OF THAMAD

The Sayyarim Formation is developed here with & chalk unit at 1its
base, overlying the Zihor formation. Climbing the first limestone-marl
ledge we Teach : B :

a) The phosphoritic bed (marker horizon) observed before. Following this
marker a few tens of meters to the east a hard bioclastic, somewhat silici-
fied limestone bed is found. This bed can be traced further to the east,
towards STOP 11, thickening considerably and forming there a prominent
ledge (bioherm)

b) Overlying the phosphoritic bed porcellanites are encountered (not found
in the section to the south, shown before).

c) Two concretional limestone beds are developed in the porcellanite. Some
of the concretions coalescence to form a concretional bed. Furthermore, a
vertical (5 meters) concretional body connects concretions from the lower
bed with those of the upper one. These relations again attest to the dia-
genetic origin of such structures.
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F1Q. 12: Vertical and horizontal sections showing relations of the sedi-
mentary dolomite dikes with the stratiform concretional dolomites and the
sedimentary sequence; Lower part of the Sayyarim Formation.
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Fl16G. 14: Vertical and horizontal section showing relations of the sedi-
mentary limestone dikes and the concretional limestone beds in the porcel-
lanitic part of the section, lower part of Sayyarim Formation.
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STOP. 11 BIOHERM

From stop 10 we walk eastwards (east aof the dirt road) to the thick
bioclastic cliféf. At this locality a bioherm of Ostrea (Lopha) is devel-
oped. The rock is mainly a debree of ostreids, some of which are silici-
fied. The body, extending a few hundred meters, is truncated by the above
mentioned phosphoritic bed. At the outcrop is is faulted on its southern
side.

A ptygmatic sedimentary dike is found beneath the bicherm. It is com—
posed of a silicified limestone and of chert (white and brown). The dike
is contorted, and intrudes some 20 cm into the lower part of the bioclastic
body. The observed relations are probably due to differential compaction.

The stop is located on the northeastern side of an elongated, post Eo-
cene graben (1600 meters wide, 3 km long) having 50-70 meters of vertical
displacement on both margins. In the graben a basaltic plug is found some
2 km to the NE. This plug was dated as 21 m. y. (Steinitz et gl., 1978)

This graben is one of a series of NW trending grabens (fig. 13 of Mi-
ocene age found in Southern and Central Sinai (Bartov, 1974). These gra-
bens, which are associated with the Miocene volcanism predate the major ac-
tivity on the Central Sinai — Negev Shear Zone (i.e. Thamad fault).

Senonian bioclastic bioherms are known from Gebel Areif e Naqa (Bartov

et al., 1980), Hameishar, Paran, and south of Thamad fault (Bartov and
Steinitz, in prep.) . From the Negev it is known that these Senonian bioh-
erms developed on submarine morphotectonic highs (flexures). South of Tha-

mad favlt such bioherms are found along N-S trending flexures and favults.
The N-S faulting is clearly of post Miocene age (Eyal et al.., 1981). It is
concluded that north-south lineaments developed as embryonic flexures in
the Senonian and were reactivated as faults in the Tertiary
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The geology of the Wadi Twaiba Wadi Um-Mara block NE Sinai

Yehuda Eyal,
Department of Geology and Mineralogy,
Ben-Gurion University of the Negev, Beer-Sheva.

The aim of the field trip is to acquaint the participants with important
rock units and the structural and metamorphic evolution of the area. The
rocks of this area can be divided into three groups; the schists, the migma-
tites and the various gneisses.

The schists (Figs. 1,2; Table 1)

The schists are composed mainly of quartz, oligoclase and biotite.
Garnet porphyroblasts are abundant in almost all the schists whereas stauro-
lite is found only in the Wadi Twaiba outcrops. Cordierite and andalusite
is found only in a small area, the thermal dome of Wadi Twaiba.

On the basis of foliation, growth of minerals and the mutual relation-
ships between them four deformation phases are defined in the schists. Some
minerals (porphyroblasts) such as staurolite, garnet and biotite were formed
during three distinct generations. The main cleavage of the schists is 52’
formed during DZ’ whereas SI is found only in thin sections. The third
schistosity, which is very weakly developed, may be seen as the axial plane
cleavage of some F3 folds. The mineral assemblage in the Wadi Twaiba schists
(staurolite, garnet, andalusite and cordierite) suggest that the physical
conditions under which these rocks formed were those of the lower to medium
amphibolitic facies, at about 550°C and 5-6 Kb.

The Wadi Magrish Migmatites (Fig. 1, Table 1)

The migmatites comprise three components: a melanosome composed of quartz,
plagioclase and biotite with abundant garnet and sparse sillimanite; a leuco-
some composed of coarse-grained or pegmatitic veins of quartz and plagioclase;
and an intermediate zone of biotite concentrations ranging up to a few mm in
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thickness with scattered quartz, plagioclase and garnet crystals.

Migmatites may be formed by one of the following processes 1) anatexis
2) magmatic intrusion 3) metasomatism and 4) metamorphic differentiation. The
Wadi Magrish Migmatites originated by metamorphic differentiation of the
schists. The following facts support this conclusion. 1) The migmatites lack
K-feldspar although they contain biotite. In anatexis the former mineral
would be expected to crystallize whereas the latter would break down. 2) The
composition of the leucosome is not of eutectic composition. 3) The compo-
sition of the plagioclase varies from place to place but in each locality its
composition in the leucosome is identical to that in the neighbouring melano-
some. 4) The leucosome veins are too thin and laterally extensive to be
reasonably explained by an intrusive origin. 5) None of the igneouse rocks in
this area have a quartz-plagioclase ratio or composition resembling that of
the migmatites. 6) The biotite concentrations seem to be the "restite" result-
ing from the migration of quartz and plagioclase into the foliation planes
leaving the biotites behind.

The orientation of banding and fold axes of the migmatites is concordant
with the regional fold and foliation implying interfingering of metamorphic
and deformational processes. It is suggested that the primary driving force of
metamorphic differentiation was a pronounced change in the orientation of the
stress field whereas the temperature controlled the mineral species that were
diffused and the rate of diffusion. The appearance of sillimanite porphyro-
blasts in the Magrish Migmatites and the Mg:Fe partitioning between coexist-
ing garnet and biotite indicate that the P - T conditions were about 630°-670°C
at 5-6 Kb.

The gneisses (Fig. 1, Table 1)

Six different gneiss bodies are recognized in the area. All gneisses are
interpreted as orthogneisses and comprise masses of various compositions
(quartz-diorite, tonalite, granodiorite and adamellite) which have a pronounced
foliation e.g. Fiord Gneiss or lineation e.g. Taba or Um-Zariq gneisses. All
gneisses are considered to have intruded into both the schists and the migma-
tites in at least three events which interfinger with the four phases of
deformation. The criteria that were used for establishing an igneous origin
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are: 1) The occurrence of remnant igneous textures. 2) The presence of xeno-
Tithic patches 3) Characteristic sharp contacts with the schists or migmatites
and against each other. 4) The uniform character of the rock in hand specimen,
thin section and chemical composition. 5) The fact that plagioclase twinning
includes both lamellar and composite twins in contrast to purely lamellar
twinning associated with the plagioclase of the schists.

It is concluded that the whole sequence of rocks was formed during an
orogenic cycle which began with geosynclinal sedimentation, was followed by
low to medium pressure metamorphism and deformation, and terminated with in-
trusive (inter and post-kinematic) magmatic activity.

Wadi Um-Mara synplutonic dikes

The country rock of this area is the granodioritic Um-Mara Gneiss
which is composed of coarse-grained quartz, oligoclase, microcline and biotite.
This Gneiss is intruded by a set of schistose quartz andesitic dikes which in
turn are cut by granodioritic dikes and veins derived from the host rock. The
intrusive nature of the granodioritic host rock is demonstrated by the perfect
fit of the two parts of the dike now separated by the granodiorite (Fig. 4).
The schistosity of dikes is weak and can be seen most clearly near the contact
of the dike with the country rock. Here the cleavage planes are parallel to
the walls of the dikes whereas in their central parts they are oblique. The
cleavage of the dikes was developed by shearing along their walls causing
shortening in one direction and extension in the other. Veins found in the
dikes support this conclusion. Those veins which are sub-parallel to the
cleavage planes are straight whereas those at a high angle are folded (Fig. 5).
Two deformation phases followed the development of schistosity in the dikes.
The first phase caused faulting of the schistose dikes and during the second
phase boudines were rotated (Fig. 6).

Excursion stations

Station I - Wadi Twaiba (coord. 1364/8790)

Wadi Twaiba schists (see text). This outcrop is representative of the
Wadi Twaiba thermal dome. The schists comprise quartz, plagioclase and
biotite and porphyroblasts of garnet, staurolite and cordierite. Not far from
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this site andalusite was also found. This thermal dome is probably the south-
ern portion of the Elat thermal dome which was displaced about 8 Km north-
wards. The schistosity of the schists is 52 and was formed during 02 (Table I,
Fig. 2). The schistosity planes dip SSW in accordance with their location on
the northern flank of the Murah Synform (Fig. 1).

Station 2 Fiord Gneiss (a block at coord. 1323/8700)

The Fiord Gneiss,of tonalitic composition,is composed of coarse-grained
quartz, oligoclase and biotite. This gneiss has a prominent foliation in con-
trast to all other gneisses which are mainly linear. This textural differ-
ence is explained by a different time of intrusion (Table I). In a block of
this gneiss (Fig. 3) it is possible to see folded gneissosity which implies
the presence of two deformation phases : a) formation of foliation gneissosity
during D2 (of the schists) and folding of the gneissosity during 03 (of the
schists). A granitic dike (Um-Zariq ?) that intruded parallel to the foliation
planes of the Fiord Gneiss is folded together with this gneiss at D3 and a
weak axial plane gneissosity is seen in the folded dike. The Fiord Gneiss
contains xenoliths of schists in sharp contact with the gneiss. Fiord Gneiss
fulfils all the criteria for an orthogneiss (see text) that originated as a
tonalitic intrusion between D1 and 02' The foliation of this gneiss is toward
NE in accordance with its location on the southern flank of the Murah Synform
(Fig. 1).

Station 3 Wadi Magrish migmatites start at coord. 1236/8678 walking about

1 km.
Stop 1: A typical refolded migmatite in which the three parts are seen,
leucosome, melanosome and biotite concentrations.

Stop 2: Llarge garnets in a migmatitic schist. Note the juxtaposition
of an intensively migmatized rock next to an almost unmigmatized one.

Stop 3: Different folding styles of schist and leucocratic veins due to
different competency. The quartz-plagioclase veins exhibit ptygmatic folds
whereas the schists “similar folds".

Stop 4: A "Z"-shaped fold, D3s apparently a refolded fold.

Stop 5: A mixture of leucocratic and melanocratic materials intensely
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deformed to a chaotic jumble of discontinuous fragmented structures.

Stop 6: A discordantly folded, D3, leucosome containing sillimanite
which cuts the migmatite.

Station 4 Wadi Um-Mara Synplutonic dikes start at coord 1229/8566, walking
about 1 km.

Stop 1: The schistose dikes, mutual cross cutting relationships between
the dikes and the country rock, the development of cleavage in the dikes
(Fig. 5) and mafic clots (up to 15 cm) with leucocratic halo in a medium-
grained granodiorite which cuts the Um-Mara Gneiss.

Stop 2: A boudinated schistose dike that underwent a subsequent rotation
(Fig. 6).

Stop 3: a) Two kinds of boudines in which the granodioritic country rock
flows into the dike. b) A folded schistose dike.

Stop 4: A general view of a subparallel and subhorizontal set of the
schistose dikes.

Station 5 : Wadi Himera Orbicular amphibolite (optional) (coord 1303/8694)
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TABLE 1. History of the Daf ion M and Activity of the Rocks in tho Area. The St
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g/ F gr R grad F g R ol R g meta-
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replace other quartz plagio- formed are formed, mainly
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clases,
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and garnet,
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the F, fold parallel to folds and cre-  Magrish Gneiss. granodiorite that  faint axial-plane by shearing
paraltel to the  exial plane of F;  nulations. intruded the dikes lineation, along dikes walls.
axial plane, folds. are folded with
The regional faint axial-plane
schistosity, S,, Folding of the gneissosity,
is folded into  migmatites, F,
parallel open and refolding of
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around earlier
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Recrystallize- Intrusion of intrusion of
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and develop- the quartz-andasitic magma. Intrusion of
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Biotite growth Migmatization, Intrusion of [} ion of d llitic magma. gt ioritic
inS, planes, Part of the leuco- quartz-dioritic  tonalitic magma. magma.
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Fig. 4. Scheme of deformation and metamorphism of the
schists.

S, .S,.S,—first, second and third cleavages respectively.
S, —shear zones.

F,.F,—folds foimed during second deformation phase, D, .
and third deformation phase, D, , respectively.
F,—kink folds formed during D,.

IK, .IK, .IK, —interkinematic crystallization during IK,, iK,.
and 1K, respectively.
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FIELD TRIP No. 3

THE PRECAMBRIAN GEOLOGY OF THE EASTERN WADI WATIR AND
EIN FURTAGA AREAS

Arieh E. Shimron
Geological Survey of Israel.

INTRODUCTION

The Precambrian massif of the Sinai Peninsula consists of a complex
series of rocks, metamorphic, magmatic and volcanic of Late Proterozoic age.
The polycyclic history‘of Sinai Precambrian evolution can not be placed
within a simplistic "Pan African" context, as no naive rationale can dispose
of approximately 400 million years of geological history. Without any doubt
the unwinding of Sinai evolution is still in its birth pangs and it is hoped
that this field trip will illustrate at least some of the problems in this
minute area. Since this writer is clearly biased towards metamorphic geology,
stress shall be paid to this particular aspect of the area and post Pre-
cambrian (in particular Miocene) chaos will be disregarded on this excursion
if and wherever possible.

The Sinai metamorphic rocks, comprising sbout 30% of the Precambrian
complex fall into four distinct groups which show in part some common deno-
minators within a depositional, megmatic, metamorphic and tectonic framework.
The four major groups are:

1) The Elat Group (Elat-Neviot metamorphic belt)

2) The Feiran Group (Feiran-Solaf metamorphic belt)
3) The Kid Group

4) The Sa'al Group

The Kid and Sa'al Groups are complex metamorphic volcano-sedimentary succes-

sions of probable island arc origin. In general terms, volcanic and volcani-
clastic units are flanked by flyschoid and turbiditic sedimentary units which
were apparently deposited on the volcanic edifice and in fault troughs bounding
the volcanic arc. Mafic and ultramafic rocks, and greenstones with some

interbedded sediments are present and appear to define a partially dismembered
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ophiolite along the northern margins of the volcanic arc(s). The ophiolite
origin is attributed to activity within a marginal basin between an older
already cratonized basement (i.e. Elat Group rocks) and the arc-successions.
Conceivably these rocks may represent the root of the volcanic arc,or activity
within a fossil transform (northwest trending Sa'al-Agram lineaments), however
the absence of chemical data prohibits any further speculation on this point.

The Kid and Sa'al Groups show metamorphism in the greenschist facies,
occasionally reaching amphibolite facies (in the postulated marginal basin
area), the early tectonic trends and penetrative fabric are E-W with younger
deformational events superimpsing conspicuous N, NNW and NNE trends on the
previous E-W. There has therefore been, in general, conspicuous rotation of
older fabric elements from the dominant E-W into a mainly NNW direction.
However, rocks which postdate the earlier E-W tectonic events show only the
dominant northern directions.

The Elat and Feiran Groups are high grade metamorphic belts comprising

migmatites and orthogneisses of a number of generations and metasedimentary
rocks with some metabasites. Obvious metavolcanic and volcaniclastic rocks
are absent and their tectonic history is somewhat different from the above
groups. Together with geochronological (alas still controversial) data, these
infracrustal rocks are presently interpreted as comprising a portion of an
older crustal block, or ensialic domain, which extended towards the north and
west during the voicanic arc activity taking place southwards in Sinai and
Arabia. The westernmost Feiran Group shows a thick series of apparently plat-
form - type metasediments (orthoquartzites and marble amongst others) and may
indeed be a succession of different origin from the Elat Group, where pelites
are more abundant.

Extending southwards from the Elat area is a group of orthogneisses showing
a long history of emplacement, metamorphic and deformational history. Some
are clearly high metamorphic grade rocks and migmatites are abundant. Others,
however, show a geological history somewhat different from the Elat area high
grade schists, amphibolites and gneisses; such are the gneisses of the Wadi

Watir and Ein Furtaga area which will be briefly examined on this excursion.



The gneissic rocks of the Ein Furtaga and Wadi Watir area are low

metamorphic rank orthogneisses, their primary magmatic fabric and mineralogy
are still very often dominant over metamorphic. They are porphyroclastic
and augen gneisses showing various degrees of metamorphic recrystallization,
manifested as partial polygonization of quartz, and feldspars with clasts of
feldspars often mantled by newly formed smaller metamorphic subgrains. Their
metamorphic fabric, a lineation and weak gneissosity, are only weakly deve-
loped, are often erratically distributed and do not appear to be the product
of a major "regional” metamorphic-deformational event. However there does
seem to be some concentration of metamorphism and shear elements along or
close to NNE and N trending lineaments and faults, and good gneisses and
mylonitic rocks appear to be, in particular, confined proximal to these trends.
However, an observation bias (wadies run along faults and lineaments) is of
course possible since traverses were not run along mountain tops.

Such observations and the dominantly north-south trends of metamorphic
fabric imply that these rocks were affected only by the very late deformational-
metamorphic events in Sinai, interpreted as the final Pan African tectonothermal
episode at about 610 # 10 Ma which also caused a major tectonic, metamorphic
and probably also isotopic overprfnt on the older successions. In portions
of the Sa'al, Kid and locally Elat and Feiran Groups, late Pan African shear
deformation imprinted or overprinted first a flat lying foliation and cleavage
and fairly constant HNW and NNE trending lineations, followed by a vertical
penetrative fabric . The 320o and 0200 trends of these Late Precambrian
fabrics implies a probably influence of Precambrian penetrative structural
grain on the orientation of all future post-Precambrian rift-connected
activity. Some of these structurrs and their possible significance will be

examined on this field excursion.

The excursion proceeds westwards along Wadi Watir towards the Ein

Furtaga area from the main Elat-Ofirn highway (see map for excursion stops).
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Stop 1 (1.5 km)

General view of Wadl Watlr faultlng (E—w) and its effects on the
magmatic and metamorphlc rocks along Wadl Watlr. The country rock is a
homogeneous grey quartz diorite (a quartz-plag—amph—bio gneiss) with a weak
gneissosity due to the preferred drientation of mainly ferromagnesian minerals;
the metamorphism of the quartz diorite was certainly weak, at best. In
contrast, however, ﬁhls rock 1s seen to contaln smaller inclusions and big
blocks of an 1soc11na11y folded and well follated granitic gneiss or migmatite
into which it is clearly 1ntru31ve. Thls 1oc&t10n probably demonstrates, in
a nutshell, the 51mpler aspects of polycycllc deformatlon. A general summary
of events would be.

1) Sediments and/or plutons.
2) At least two phases of deformatlon and metamorphism... gneiss-migmatite.
3) Emplacement of quartz diorite.
4) Weak, probably dynamlc metamorphlsm.
5) Dykes, Miocene act1v1ty etc. »
Strike-slip faultlng in a NE aireetion is demonstrated by ample horizontal

slickensides striking roughly 020 to 0u0°.

Stop 2 (6.5 km)

The main rock.unit is a gfey coarse crystalline quartz diorite showing no
metamorphic fabric although petrographically it appears to be the same diorite
as at Stop 1. The diorite, here also; contains xenoliths of foliated high
grade gneiss and_pink granite and in addition aﬁpears to intrude a larger
granitic mass, vhich_itseif contains granite gneiss blocks. All are cut by
late dykes and ver& fine myionite shears;. The geological history here would
be (Fig. 1): ‘ , o ‘i A' '

1) Granite gneiee—migﬁatiie showiﬁg polyphase deformation.
2) Granite.

3) Diorite.

4) Mylonite zones.

5) Dykes.
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The problem here is if the granite and diorite, without metamorphism,
can be equated with the granitic and dioritic gneisses at other locations

along Wadi Watir.

Figure 1: Schematic section at location Stop 2. dk-late dykes,

d-diorite, g-granite, m-migmatite, s-mylonite shears.

Stop 3 (10.8 km)

This stop is meant to demonstrate the structural character of the pink
"Tsamii" granitic gneiss. The gneiss is a weakly deformed rock on the macro-
scale, however, careful examination of good faces shows very discrete mylo-
nitic shear zones with a sigmoidal foliation which is close to flat lying.
These very gentle dips of the mylonitic fabric may have a bearing on the type
of deformation responsible. Since recumbent folds and thrust faults are a
very important tectonic manifestation of the Pan African in the Elat and
southern Sinai metamorphics, thrust piles are feasible also in this area.

The absence of distinctive lithological units, however, and Miocene havoc

make identification of such tectonic activity in this area virtually impossible.

Stope 4A (18.3 km, entrance into Watir Canyon)

The main rock type in the canyon portion of Wadi Watir is a pink gneis-

sose granite (Tsamii Gneiss), the main metamorphic unit in the Neviot Sheet
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area, other rock units are a highly xenolithic diorite and a fairly conspi-

cuous swarm of often shallow dipping mafic schistose dykes, cutting across

the granitic gneiss (See Fig. 2).

The granitic augen gneiss is a low metamorphic rank gneiss, consistiag
of augen and porphyroclasts of microcline perthite and Na-plagioclase set
in a matrix of polygonized quartz grains. The feldspar clasts are rimmed,
especially in strain shadow zones, by newly formed polygonal feldspar sub-
grains. A magmatic mineralogy and fabric are still evident in this 10ck.
The mafic schistose dykes are mainly a biotite-hornblende-Ca plagioclase-
quartz schist with excellent metamorphic crystallization and oriented fabric.
Some other pertinent observation at this locality are as follows:

1) The dykes appea;3to show a higher metamorphic rank than the host rock.

2) The gneissosity in host gneiss strikes 050o and dips about 250 NW.

The schistosity in the guest dyke strikes 340° and dips 40° NE. The
dyke strikes 300o and is roughly vertical. At other locations nearby
the }ykes may be subhorizontal showing discordant planar and concordant
linear fabrics with the host rock gneiss.

3) Some dykes have a discreet border chill zone against the host and the
granite gneiss host often has a "migmatized" foliation paralleling the
dyke contact. Granitic material of "rejuvenated" character seems to
back-vein the dyke that it is cut by.

4) Along its strike the dyke has been sheared and offset on a dextral
horizontal shear zone.

The paradox can be explained as follows: A hot dyke intruded an active-
hot shear zone in a relatively cooler host rock granite. It crystallized in
& shear already and directli as a metamorphic rock (i.e. absence of magmatic
fabric). Backveining was caused by wall rock granite regeneration and intru-
sion into dyke guest. The difference in gneissosity in granite and dyke
implies that the dyke intruded an already gneissose granite, although this
need not necessarily be true.

At other locations along Wadi Watir, mafic dykes are seen to cut, and

are back cut by granite. The rocks here are not metamorphic and a situation
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exsists whereas synplutonic dykes are cut by their host rock granite before
either managed to crystallize out completely from the melt. Such a model

has been suggested by Y. Eyal for certain metamorphic mafic dykes in the

Um Mara area and may perhaps also be valid here. The impression is that

a number of generations of mafic, occassionally metamorphic, dykes are
present in the region. Some may play an important role in the interpretation
of the regional tectonics, i.e. basement-cover relationships, since the
metamorphic dyke swarm is clearly absent from the oldest volcano-sedimentary

arc successions in Sinai.

Stop 4B (19 Ikm)

Xenolithic quartz diorite occurs in irregular patches along the canyon
intermixed with granitic gneiss into which it is intrusive. At location LB,
a complex relationship is seen between post-kinematic granite, diorite, a
foliated granitic gneiss, schistose dykes and hot mylonite shear zones. 1In
addition to the deformatién seen in the last outcrop, vertical mylonite -
perhaps pseudotachylite, shear zones are manifest, and the schistose mafic
dyke has been stretched and boundinaged implying a phase of possibly brittle
deformation. Various models to explain the relationships seen here will be

examined and discussed.

Figure 2: Schematic block diagram
at stop UA. sd-schistose

dyke, ggn-granitic gneiss,
f-fault.
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Stop 5 (21 km)

The first station here is at a hornblende gabbro. The gabbro forms a
small plug which is intrusive into the neighbouring highly sheared granites.
The apparently massive gabbro is hovéver cut by a number of broad NE striking
shear zones. A similar set of tight shears with retrograde metamorphism or
low temperature deformation cut across massive granites just NW of Ein Furtaga.
It is pointed out that the oasis lies at the intersection of many linears (see
map) which must have been faults of one sort or another, and which play con-
siderable havoc with the geology. The critical problem here is if any of
these shears were entirely of Precambrian origin.

To the north of the gabbro occurs a grey two feldspar perthite-muscovite
granite (El Ein Granite). This late - kinematic pluton, forms a conspicuous
body which extends towards the north and west and towards its southern margins
contains magnificent pegmatite facies with megablasts of perthite and musco-
vite and locally crystals of garnet. All along its eastern margins close to
certain N-S lineaments the granite is linear and occassionally forms excellent
ductile mylonite zones, a product of localized Precambrian shear zones.

Time and road permitting the sheared granites along the northern portion

of the Ein Furtaga oasis will be examined (Stop 6).
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THE PALEO-MESOZOIC SEQUENCE ("NUBIAN SANDSTONE") OF SOUTH-EASTERN SINAI:
BACKGROUND NOTES TO EXCURSION

'l‘uvi.a missbrod

Geoloq:lcal Survey of Israel
General .
During the long time span between the Late Precambrian and the
Lower Cretaceous, a thick clastic sequence was deposited along the northern
periphery of the deeply-eroded ‘Arabian-African craton. This sequence has long
been known as the Nubian Sandstone (the term has lately become controversial),
and by some authors as the Lower Clastic Division.

The clastic sequence presents a distinctive facies, characterized by red
beds, and a relative deficiency in fine-grained components. Throughout, it
consists of platform—type sedimentation, lithologically uniform, with a fairly
homogeneous lateral distnbution of physical mineralogical and textural
properties, and with only small changes in thickness over large distances. The
widespread lateral constancy of most properties justifies their use in long-range
correlations. Vertical differences within the sequence aré mdi:e ‘prominent than
lateral ones. The sandstones change gradually upwa.rd from: immaskure arkosgs
and subarkoses to mature- quartz-arem.tes, and locally display lithologic or -
textural changes due to shifts of env:.ronments.

The apparently uninterrupted clastic sequence was deposited through several
sedimentation cfcles which were controlled by epeirogenic movements. Differential
trends and rates of these movements created widespread basins of deposition,
alongside regions of uplift and truncation. Discontinuities, although not
conspicuous, are thus common within the sequence, and great lacunae, encompassing
whole systems, occur in various parts of the region. A complete sequence is never
found at any given locality. Such a lacuna affects for example the Ordovician to
Silurian, whose sediments appear in remarkable thickness in Arabia and Jordan but
which are totally missing in Israel and Sinai. On the other hand, the much-
described Carboniferous rocks of Sinai are missing altogether in Jordan and Arabia.

The discontinuities within the clastic sequence are typical paraconformities,
parallel to the regional depositional dip and marking no great lithologic changes.
The most widely occurring facies are those of continental stream valley or flood
plain environments,with fluvial sediments ranging from the braided-stream to the
sinusoidal channel-type. However, marine sandstone beds, shales and even
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carbonates (more common from Late Paleozoic onward) are all found in significant
intercalations, representing transgressions that issued periodically from the
ancestral Tethys Ocean in the north, from the Late Precambrian to the Tertiary.
These transgressions reached southwards as far as inner Arabia, recurring in

all geologic periods.

In southern Israel and eastern Sinai, the clastic sequence consists of
Cambrian sediments (partly shallow marine) overlain unconformably by Lower
Cre taceous, altogether attaining 250-500 m in thickness. In southwestern
Sina., the sequence includes also Carboniferous and Triassic(?) sediments
of dominantly continental facies. The following table presents a lithostratigraphic
subdivision and correlation of the sequence in these regions.

The table shows the presence of significant truncations - or non-depositional
lacunae - between the regions, even along: moderate distances. This appears to
represent the sum total of differential movements during the Late Paleozoic,
when in our region southern and eastern Sinai (as well as western Egypt) were
high areas from which great thicknesses of Paleozoic clastic sediments were

removed. Pre-Cretaceous erosion affected even greater areas.

Field Trip

The excursion area, in south-east Sinai, shows a rather poor Paleozoic
section, overlain by Lower Cretaceous sandstones which even though displaying
notable variability of thickness - probably connected to diffegential movements
of that period - testifies to the sedimentary monotony of the s;ndstone terrains
that supplied clastic material to the weathering and transport processes of
those paleoenvironments.

Three formations only occur in the Paleozoic-Mesozoic clastic sequence of
this region. Outcrops are visible along the EW road to Santa Katharina.

Where the igneous basement is exposed, usually no more than isolated relics
of the Netafim Formation have been preserved on its plane surface, forming flat
mesa tops. However, in several of the Neogene NW grabens, which are a prominent
tectonic feature of eastern Sinai, a thicker section is preserved, which includes
also the Amir and Hatira formations.

Stations along the excursion route show close-up views of the respective
formations, their structure, composition, and characteristics of field appearance.

Some topics will be discussed on location.
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Correlation of lithostratigraphic units of the Lower Clastic Divisdon in southern Israel and Sinai

Southern Israel & northeastern Sinai

Southeastern Sinai

Southwestern Sinai

Um Bogma Area Wadi 'Araba Area
Lower Hatira Fm. Hatira Fm. Hatira Fm. Hatira Fm.
Cretaceous| 'Avrona & unnamed mbrs. '‘Avrona & unnamed mbrs.| 'Avrona & unnamed mbrs. Unnamed Mbr.
—NM"YV\MM A i S I NI P
Amir Fm. Amir Fm. Amir Fm.
MWWW
?Triassic Budra Fm. ?Budra Fm.
rmian- i o~
?Pe Undifferentiated
? Upper Carboniferous
Carboni- formations
ferous T i
Abu Thora Fm. ? Abu Thora Fm.
P e e s et ™
Um Bogma Fm.
S e e L “~— e i N
Netafim Fm. Netafim Fm. Netafim Fm. Netafim Fm.
Cambrian —_] —_ —~ —_
shehoret Fm. shehoret Fm.
Timna' Fm. Timna' Fm.

'Amudei Shelomo Fm. .
MMW,-A

.

'Amudei Shelomo Fm.

Precambrian igneous basement
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Formations include:

The Netafim Formation - Appr. 60 m of indurated quartz-arenite, dark brown

to reddish, with alternating layers of fine-to-medium sandstones and coarse-to-
gritty sandstones. Structurally dominant is large-to-medium-scale cross-
stratification, with many varieties of shallow troughs, as well as recumbent
structures. The sediments represent an environment of high-energy braided
streams, apparently flowing northwestward or westward. 1In this area, somewhat
coarser sediments and therefore higher energies prevailed than in southern
Israel, where more siltstone layers occur in the section, and cycles of

upward fining are observed. The Netafim Formation usually overlies the
peneplain on the igneous basement, in places with a thin basal conglomerate,
and is unconformably overlain by the Amir Formation.

The absence of fossils makes positive dating impossible, but regional
ocrrelation indicates that the Netafim Formation was deposited between Middle
Cambrian and Early Ordovician times.

In the excursion area, the formation displays many horizons of secondary
enrichment in iron oxide. These are parallel but in cases at random angles
to the bedding, and appear to be associated with impregnation rings ("Liesegang
structures") that in places are pronounced enough to obliterate the original
bedding pattern.

The Amir Formation - This formation consists of white quartz arenites, usually

fine-to-very-fine grained, in places interbedded - especially in the lower
parts - with thin strips of quartzosegrit and highly rounded pebbles of vein
quartz, The formation has a very characteristic weathering pattern, consisting
of a yellowish-beige crust that tends to coarse polygonal cracking which leads
to "honeycomb* and fluted weatheringsurfaces. Typical is also the
relatively large amount of cement, which consists mostly of authigenic kaolinite.
The Amir Formation is up to 80 m thick, exhibiting large-to-medium-scale
cross-stratification, mostly of the trough type and less of the planar.
Recumbent structures are very common.
The associated structural and grain-size data point to a fluvial environment
of deposition: channel lag gravels, cross-bedded channel sands, and braid-bar
sands. Some places show evidence of lateral accretion, pointing to the possible

presence of streambed meanders.
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In southern Israel marine influence is found in the top 5-10 m of the
formation, which comntain a fairly widespread horizon of U-burrows known as
Diplocretarion. These were also found in the same stratigraphic position in
two south-east Simai localities.

The Amir Formation is enclosed by unconformities. The basal one is
fairly regular, the top one is in places irregular, and associated with local
conglomerates.

since it contains no diagmnostic fossils, the age of the Amir Formation
is uncertain. Palecgeographical and stratigraphical reasoning point to the
Lower Cretaceous. The marine event at the top of the formation may be
correlative to similar events in the Lower Cretaceocus sandstones of the northern
and central Regev.

The Hatira Formation, 'Avrona Member - This unit is lithologically very similar
to the Amir FPormation. It consists of medium-to-coarse sandstones and contains
considerable amounts of pebbles. Siltsone layers are rare.

The 'Avrona Member, which is here up to 50 m thick, weathexrs to massive,
rounded bulging cliffs. It is grayish-white, and displays intense cross-
stratification throughout. Both trough and planar cross-sets are common, and
cut-and-fill structures are abundant. Some horizons contain coarsely-silicified
plant fragments, and at some localities in southeastern Sinai whole tree trunks
are preserved. These, however, give mo definite clue as to age.

Like the unconformably underlying Amir Formation, the ‘Avrona Member
represents a fluvial enviromment. Its age, based on that of the overlying
member and the inferred age of the Amir Pormation, is presumed to be Early
Cretaceous.

During the excursion, petroglyphs may be cbserved on dark weathering
surfaces of the Amir Pormation. A rmtkable concentration of ancient graffiti
(made by pilgrims and wandering traders) may be visited mear the oasis of
‘Ein Khudra. Another point of interest are the nmearby Mawamis, prehistoric
cylindric grave-houses constructed of undressed slabs of Hetafim sandstone.
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GEOLOGICAL SOCIETY, ELAT 1982

FIELD TRIP NO. 5: EXCURSION TO WADI WASHWASHI

6. Steinitz & Y. Bartov AND Y. Eyal & M. Eyal
Geological Survey, Jerusalem Dept. fo Geology.
Ben Gurion Univ., Be’er Sheva

The aim of this field trip is to study the tectonics of the Wadi
Washwashi area, which 1is located along the Gulf of Elat Fault Zone (fig.
1), and the relations between the faulting and two post Precambrain magmat-
ic phases (fig. 2).

B34 36 36 36 36 34 36 36 36 38 34 36 3 3 34 36 26 36 38 34 96 34 28 36 3 28 35 28 36 SH 30 SF 3034 36

Leaving Elat-Neviot main road we enter W. Washwashi and drive with the
vehicles to the point were we must leave them.

The lower part of the canyon is developed in the Mhash OGranite. A
doleritic dike is observable along the northern bank of the straight seg-
ment of the wadi. Within this dike enclaves of sandstone showing contact
metamorphic features are observable.

Leaving the vehicles we walk up the winding wadi. Please take your
hats and water with you.

STOP NO. 1 TRIANGULAR GRABEN

In this structure (map 1) Nubian sandstone (lower part of Netafim For-
mation — Weissbrod, 1981) is dipping to the southwest. The sandstone block
is bound on three sides by faults. Along the southern fault, running E-W.
a doleritic dike is found. This body can be traced eastwards and can be
connected with the dike mentioned above in the lower part of W. Washwashi.
A single age determination from this site yielded 454 m. y. (K-Ar).
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FIG. 2. Geologic sketch map of the Wadi Washwashi and Wadi Malha area.
FFar legend see next page.
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LEGEND for FIC. 2

GD Granodiorite Abu-Hamsa:
Porphyritic Biotite Granodiorite, medium to coarse grained, gray, carrying
large pink microcline—perthite crystalls; weak gneissosity. This rock is
forming a pluton between Wadi Quseib and Wadi Washwashi

MD Malha Diorite:
Biotite—Amphibole—Quartz Diorite, medium to coarse grained, dark gray:
Large rectangular plagiocalse is typical. Forms a pluton between Wadi

Washwashi and Wadi El1 Beidan.

MG Mhash @ranite:
Riebeckite Alkali Granite, reddish-brown., coarse grained. This rock con-
stitutes a pluton in the eastern part of the area, between Wadi Mhash and
Wadi Washwashi. It shows intrusive relations to Abu Hamsa Granodiorite and
to Malha Diorite.

NS Nubian sandstone, mainly Netafim Formation.
“0ld Diabase"
The major consitituents are plagioclase, augite, and olivine which tends to
be replaced by ore and brown biotite. Accesories are mainly ore and apa-—
tite. Textures vary.

CE HAZERA FORMATION
Limestones, dolomites and marls. Cenomanian age.

Miocene Diabase
The major constituents are equant plagioclase and augite. Minor and acces-—
sories include ore, apatite, calcite, quartz and zeolites.
R RAHAM CONGLOMERATE

A ALLUVIUM

2634 343 3 34 3 3 34 3 38 36 38 34 3 3 3 36 38 3 3 34 34 34 3¢ 3 3 3 3¢
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ST0P NO. 2 MOYAT WASHWASHI

The springs are developed on shales of the Netafim ?ormation at the

contact with the basement

50 and 100 meters above the present wadi bed ancient

Looking east.
They are composed mainly of Judea BGroup

fluvial terraces are observable.
carbonate pebbles.

ST0P NO. 3 THE PENEPLAIN

The peneplain is developed here on weathered Precambrian Abu-Hamsa Di-—
orite. Shale, arkosic sandstones and cross bedded sandstones belonging to
the Netafim Formation overly the unconformity. Five meters above the con-—
tact micaceous "paper" sandstones are found.

N

/S

100 m

FIQ. 3: Geologic cross section across the Malha block (eastern part).

STOP NO.. 4 MOYAT MALHA

Looking south to the Moyat Malha tilted block one can observe the con-—
tact between the sandstones and the Precambrian basement offset by the

fault scarp bounding the southern end of the block.
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FIG. 4. Geologic cross section across the Malha block (western part).

STOP NO. 3 FAULT & DIKE, SOUTHERN SIDE OF MOYAT MALHA BLOCK

The Moyat Malaha tilted block is bound, on its southern side by an E-W
trending favult. Along this fault the peneplain is downthrown, on the
northern block, some 50 meters. A doleritic dike, 20 - 50 meters thick, is
observable along large parts of this fault segment.

Field and petrographic relations indicate that the doleritic dike in-
truded along the fault. The movements observed along the fault, mentioned
above, preceeded the magmatic intrusion. This conclusion is based on the
following observations:

1) The dike shows chilled margins on both sides — against the Malha Diorite
in the south and against the Paleozoic sandstone in the north

2) The dike does not exhibit deformation/brecciation features at its con-—
tacts with the adjoining rocks nor within itself. This excludes the possi-
bility of an "obscure” late fault, running within the dike

3) The magnetic profile (total field, measured with a proton magnetometer)
across fault + dike shows a smooth curve similar to other profiles measured
across similar dikes.

4) Sandstone "dikes" and slivers, found in the dike close and along its
contacts show contact metamorphic features. These will be dealt with at a
later station

The geological situation we observe at this locality (fault and dike
relationship; ¢trend) is identical with the one we observed at stop no. 1.

The age of this dike is problematic:
a) Field relations indicate at least a post lowermost Nubian sandstone age
b) So far two K-Ar ages on samples from this dike gave (both) ages of 454
m.y. One of the samples is from this stop.

At this stage we refer to this magmatic phase as the "old diabase
phase". Since this phase is probably widespread in Southern Sinai on one
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hand, and since its relations with the Nubian Sandstone is not <clarified
yet further investigations are undertaken.

STOP NO. & MIOCENE DIKE

From stop 5 we follow the trace of the fault and dike to the nor-
thwest. .We cross the old dike and following the wadi through the Malha Di-
orite we arrive on another thick basaltic dike. The wadi is now incised
into this soft basalt. Looking to the SE we can follow the dike and ob-
serve that it clearly intrudes into the Nubian Sandstone sequence

Arriving at station & we see that the second dike intrudes the afore
mentioned "old diabase” dike which we have been following. These relations
are observable first of all on the northeast face of the younger dike
Crossing over to the southwest face of the thick young dike we can follow a
relict segment of the "old diabase"”. This segment is situated between the
fault against the Precambrian on one side and is cut by the young dike on
the other side. Along the contact of the latter a chilled margin 1is ob-
servable and a sandstone sliver is found

Age determinations on samples from the young dike (several points)
yield ages of 19 - 21 m. y. (Steinitz et al.. 1980)

STOP NO.

~N

OFFSET MIOCENE DIKE

From stop 6 we continue westward, following the thick Miocene dike,
forming a well defined wide (some 100 m) ridge within a cirque of Nubian
sandstone. Towards the west this ridge ends abruptly., and the continuation
of the dike in the adjacent Nubian sandstone cliff cannot be seen. Turning
south, and following the wadi bed for some 800 meters, we find the western
continuation of the dike, offset sinistrally by a fauvlt. This continuation
of the Miocene dike can be traced further to the northwest. At Sheikh At-
tiya, intruding there Turonian sediments, this dike is known since 1927
(Beadnell, 1927). The offset observed at this stop is part of the total 4
kilometer sinistral offset recorded by this dike from Sheik Attiya to the
Gulf of Elat.

STOP NO. 8 SANDSTONES IN OLD DIABASE DIKE

Passing one of the "Old Diabase" dike outcrops we observe the .sand-
stone slivers which occur as discrete bodies and "dikes"” within the dike,
along its contact, and sometimes even within the country rock. Within
these sandstone bodies an internal lamination is observable, parallel to
the dike walls. Mineralogical investigations show these sandstones to be
partially rvecrystllized and cemented by zeolites (heulandite — stilbite
group)which are typical to low temperature metamorphism of basic volcanics.
It is assumed that they attest to the fact that these sandstones, originat-
ing from the “Nubian" sequence, must have caved into the open fissures.
The magma rising in the same fissure sheared and metamorphosed them.
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STOP NO. 2 MIOCENE DIKE AND RAHAM CONGLOMERATE

Returning from Wadi Washwashi to the main road, we turn 0.5 km south-
wards. At this locality, just a few meters to the west of the road, we ob-
serve a small weathered outcrop of the Miocene dike covered by an alluvial
terrace. This is the easternmost outcrop of this Miocene dike. To the
east the dike could be followed, beneath the alluvial fan, a few hundred
meters, with the aid of a magnetometer

North of this point a down faulted (eastward dipping) block of Nubian

sandstone and Hazera Formation carbaonates is seen. These are covered with
an erosional unconformity by a boulder conglomerate belonging to the Raham
Formation (Garfunkel et gl. .. 1974). No relations can be established

between the 19-21 m y. basaltic dike and the Raham Formation.
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Table 1. Attributes of clay fabric and clay mode of occurrence which may be used to
identify method of transport and timing of deposition of the clay.

deadings Attributes of clay particTes Headings
Method of Fabric (texture) "ode (place) Timing of
transport deposition
Dispersed Matrix of sandstone;
Entrapped in aagregates.
Variform
clastic Massive mudstone Syngenetic
dragging fragment;
Shale fragment; Whole substance
Layered rip-up mud
clast
Laminated Interbedded between Syngenetic
sandstone layers
Mechaniga]
Suspension Hollow aggregate Infiltration residue Epigenetic
on walls ot pores
Clustered orientea Entrapped in sandstone Syngenetic
floccules
T
Non oriented : Pore filling;
. floccules ! Menisci.
Colloidal , . )
suspension ' Epigenetic
Oriented cloccules | Pore filling
3iogenic Pellets Entrapped in sandstone Syngenetic
loading
In burrows and root Epigenetic
holes
Color banded Pore filling Neoformed
authigenic
Replacement of In dissolution
Chemical host rock cavities Neoformed
solution Random filling ! In fractures catagenic
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Fig. 1. East-West cross section across the young faults

between Ma'ale Yair and Nahal Ye'elim.
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NEW EVIDENCE ON THE ACTIVE STRESS SYSTEM ALONG THE DEAD SEA RIFT




NEW EVIDENEE OK THE ACTIVE STRESS SYSTEM ALONG THE DEAD SEA RIFT
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