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TimnaValley

> M. Beyth!, A. Segev', H. Ginat®

1. Geological Survey of Israel

2. Dead Sea and Arava Science Center

This field trip presents some highlights of the unique structure of the Timna Valley,
which constitutes about the last phases of the crustal evolution in the northern tip of
the Arabian Nubian Shield; some stratigraphical and tectonic aspects of the southwest
margins of the Dead Sea Transform with special attention to the young geomorphic
units; and ancient and recent copper mining.

Geological Background

The Timna Valley (TV), 9 x 10 km in size, is a domal structure, semi-crater shaped valley,
truncated in the east by the Dead Sea Transform (DST) and surrounded by a 500-m-
high sedimentary sequence of Cambrian and Cretaceous age. The core of the TV is the
high structural block of Mt. Timna (5 x 3 km in size, 453 m.a.s.l which is the highest
topographic feature in the TV) a shallow intrusive complex of Neoproterozoic age and is
the northernmost tip of the Arabian—Nubian shield (Bentor and Vroman, 1955, Garfunkel,
1980; Shpitzer et al., 1991; Beyth et al., 1994). Uplift and peneplanation during the Early
Cambrian marked the final cessation of the Neoproterozoic East African Orogen (EAO).
Early Cambrian sedimentation began with fluviatile subarkoses of the Amudei Shlomo
Formation, which is overlain by dolostones, sandstones, and siltstones of the Timna
Formation, representing a marine ingression of the Middle Cambrian age. The continental,
Middle Cambrian subarkoses and siltstones of the Shehoret Formation overlie this marine
unit. Lower Cretaceous quartz-arenites of the Amir, Avrona, and Samar formations are
conformably overlie the Cambrian sequence (Weissbrod, 1981, 2005). In the northern
Timna Valley the Cambrian Formation and the Lower Cretaceous Amir and Avrona
formations are cut by a basaltic plug (Beyth and Segev, 1983 ) and funnel-shaped vents
with volcaniclastic fill (Weissbrod and Segev, 2003) of Early Cretaceous age (Beyth and
Segev, 1983). The Lower Cretaceous clastic units are covered by a thick series of platform
carbonates (Judea Group), which build the upper part of the escarpment surrounding the
Timna Valley (Fig. 1).

The regional water divide runs along the summits of the western cliffs of the TV. It separates
between steep, short channels that drain the cliffs eastward from the wide, moderate gradient
streams that drain the elevated areas westward. The TV is drained by two ephemeral streams:
Nahal Timna to the north of Mt. Timna, which flows in an E-W striking graben (Segev et
al., 1992, Segev and Beyth, 1987), and Nahal Nehushtan to the south of Mt. Timna. These
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drainage systems flow eastwards to the DST, where their flow direction shifts northward
toward the Yotvata Playa , an internal base level for the surrounding region within the DST.
The present climate in the TV is extremely arid, with short rain events and an average
annual rainfall of 25 mm/yr (Atlas of Israel, 1985).

The Cambrian Timna Formation, which contains copper ore, was a target of intensive
geological studies and modern mining since the 1950s. The copper was also mined from
the Lower Cretaceous Amir and Avrona formations by the ancient Egyptians during the
Chalcolitic age, manifesting the most ancient metallurgy industry in the Middle East (e.g.,
Segev et al., 1992; Segev and Beyth, 1987 ; Bar — Matthews 1986, Beyth et al., 1999;
Rothenberg, 1988).

Detailed geomorphology studies in the TV describing the Middle and Late Pleistocene
alluvial terraces and taluses and their climatic implications were made by Finkelstein-
Grossman (1982) and Grossman and Gerson (1987). A recent study (Ginat et al., 2009)
established a morphostratigraphic sequence of ancient landscape relics, recent changes
in the stream network pattern, abounding with taluses and rock collapse which indicate
ongoing young tectonic activity.

The major structural feature controlling the region is the DST, which is an active plate
boundary, separating the Arabian plate from the Sinai sub-plate. Tectonic activity in this
rift includes sinistral faulting and rifting (Bartov 1994, Garfunkel and Ben Avraham, 1996;
Garfunkel, 1970, 1997, Eyal et al., 1981; Ginat et al., 1998).

In the Arava Valley the DST is composed of a series of en-echelon strike-slip faults, which
form structural and topographical basins (Garfunkel, 1981). The Yotvata Playa, the base
level for the TV streams, is the deepest basin in the southern Arava, filled by more than
1200 m of young sediments (Frieslander, 1995, 2000).

Tectonic activity along the DST combined with displacement of the E-W oriented dextral
strike slip of the Themed fault, located 8 km south of Mt. Timna (Bartov 1974; Mart and
Horowitz, 1981, Segev et al, 1992) controlled its uplift. Mt. Timna has a polygon shape
surrounded by reverse faults striking NNE on the northwest and the southeast sides and
normal faults striking WINW of the Timna Graben on the northeast side and along the
faults of the Arava margins that strike NEN (Segev et al, 1992).
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Miocene to Recent geomorphic units in adjacent areas

Based on previous studies, the Miocene - Recent continental sediments that are exposed in

the southwest margins of the Arava Valley can be divided into five units:

1) The Miocene continental deposits exposed in the Elat region and the southern Negev,
which are related to the first stages of rifting in the DST and they include in the Hazeva
Formation (Bartov, 1967; Garfunkel, 1970; Avni, 1998; Calvo and Bartov, 2001).

2) The Pliocene Arava Formation, which covers the southern Negev in a thin veneer of
alluvial and lacustrine sediments. Time-equivalent, fluvial remnants, are the Garof
conglomerate and Eilot Formation, which are widely exposed along the Gulf of Elat
(Garfunkel and Horowitz, 1966, Garfunkel, 1970; Ginat et al., 1994, Avni, 1998).

3) The Early to Middle Pleistocene fluvial sediments with red calcic paleosols of the Zehiha
Formation (Ginat et al., 2002), which were deposited in abandoned fluvial and structural
valleys along the regional water divide during quiescent periods between phases of
tectonic activity.

4) A series of stream-wadi terraces and rock-cut surfaces, (Q1-Q3) characterized by gypsic-
salicic Reg- soils covered by desert pavement, which indicate the initial evolution of
the present drainage system (Garfunkel and Horowitz, 1966; Amit and Gerson, 1986;
Ginat, 1991, 1997; Avni, 1998).

5) The recent sediments that are accumulating in the low areas: alluvium and colluviums,
conglomerates, sand dunes and playa deposits. The specific location, the height relative
to recent channels and the alluvial remnants serve as a key for understanding the young
tectonic activity in the region.
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Station | > Overview of the Timna Valley (Fig. I)

An overview from the east, from the DST. Mt. Timna is clearly seen as the core of the
Timna Valley domal structure, the Timna cliffs surrounding the semi-crater shaped valley
and the tailings of the Timna Copper Mines.

g 3 . : LA i H
A= Pt i Tl /:/ 1

Figure 1 - Geological map of the Timna Valley (Beyth et al., 1999) and station locations.

See legend on next page.
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Station 2 > Evidence for young tectonics, abandoned
taluses, NE Mt.Timna (Fig. 2)

The taluses are 1-30 m thick, consisting of limestone and dolomite containing fossils

including ammonites and mollusks reworked from their in situ position, originating from

the lower 100 m of the Judea Group. The talus remnants consists of unsorted fine-grained

material with large angular and sub-angular boulders up to 10 m®. Some of the boulders are

partly perforated and some still lying on their sliding planes. Reg soils including gypsum

concretions and well-developed desert pavements were found in the upper parts of these

talus remnants.
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Figure 2 - Landscape evolution of the “Taluses Valley”

This talus sequence was
derived from the Judea
Group  that
downfaulted block along a
fault delimiting Mt. Timna

covers a

in the northeast (Fig. 2, stage
1). Itaccumulated on a slope
of a small valley entrenched
in the friable Paleozoic
sandstone exposed on an
uplifted block in the south
(stage 2). Later on, most of
the Judea Group sequence
was removed and the
underlying sandstone of the
Kurnub Group was exposed
and rapidly eroded resulting
in a relief inversion ( stage
3). The ongoing erosion on
the uplifted block removed
most of the colluvial apron
from the southern slopes of
Nahal Timna (Ginat et al.,
2009).
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Station 3 > The Timna Graben

Nahal Timna drains into the DST through the Timna Graben, which strikes WNW-ESE
between Mt. Sasgon and Mt. Mikrot in the north and Mt. Timna in the south. A normal
fault separates between the Timna Granite on the southern block and the sandstones of
the Samar Formation within the graben. A concealed normal fault separates between the
Timna Formation of Mt. Sasgon and Mt. Timna, dipping northward in the north, and the
Amir Formation inside the graben. A block of theYotvata Member of the Hazera Formation
surrounded by alluvium crops out in the graben trench. There are alluvial terraces 10-30 m
above the recent Nahal Timna stream with well-developed Reg soil on top. These terraces
represent a period when Nahal Timna was higher than the recent Nahal Timna drainage.

Stations 4 and 6 > The Early Cretaceous volcanism

Vents (diatremes) filled with volcaniclastic breccia cut across Lower Cretaceous formations
and the underlying Cambrian strata in the northern Timna Valley. The vents are the result
of an ascending gabbroic intrusion interacting with groundwater, breaching the surface
atop the Avrona Formation (Weissbrod and Segev, 2003). A small plug of microgabbro,
which intrudes the Cambrian dolomites near one of the volcaniclastic remnants, belongs to
the same event . The microgabbro, which forms a 250 m? outcrop, is composed of olivine,
augite and plagioclase with a porphyritic texure (Beyth and Segev, 1983). The volcaniclastic
fill consists of hetrogeneous fall-back tephra and epiclastic debris of partly altered volcanic
and sedimentary clasts of various sizes, and dispersed xenoliths and xenocrysts.

“Ar/*Ar and K/Ar analyses of three biotite crystals and one hornblende crystal from a
single vent (Tamar) yield a weighted average age of 108.4+1.7 Ma (late Early Albian).
This age also marks the boundary between the Avrona and Samar formations (Weisbrod
and Segev, 2003). A magnetic study in the northern part of the Timna Valley indicated
an elongated (15 by 2 km), E-W-trending magnetic anomaly in the Har Mikhrot area,
with a second, parallel intrusion north of it. 3-D magnetic modeling suggests a gabbroic
intrusion at a shallow depth (+600 m) emplaced in the upper part of the igneous basement,
in places reaching the base of the sedimentary column. Some of its apophyses penetrated
the sediments and breached surface at the top of the Avrona Formation as explosion vents

(Segev et al., 1995).
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Station 5 > Timna Formation - epigenetic dissolution
processes (Fig. 3)

The Timna Formation displays two sedimentary suites of siliciclastic, mixed siliciclastic-
carbonate and carbonate-shale lithofacies that mark a marine transgression over the platform.
The lower suite (Hakhlil Member) consists of fine- to grit-size subarkose alternating with
laminar mudstone layers and sandy dolomite bands. The overlying sediments (Sasgon
Member) consist of three lithofacies types, dolomites, sands and shales . Segev (1986) and
Segev and Sass (1989b) showed that the sandy lithofacies is the insoluble residue of the
dolomite rocks left after epigenetic dissolution processes. The overlying shaly lithofacies is
thin, forming a transition to the lower member of the overlying Shehoret Formation. The
45-m-thick Timna Formation was deposited in a shallow sea within the coastal tidal lagoonal
strip. Trilobites and brachiopods indicate its Middle Cambrian age (Parnes, 1971).

= MNE - -5w-

mlB

E=] sondy dolamite [E0 Sondy cedolomite [ Sendstone [Nl Cross-stratified Sandstons 5 doints
@ poiomitic lithetacies & Saney lithofocies o W

Figure 3- Schematic cross-section

Station 7 > Qpen pit P

A deep open pit which was excavated for copper mining during the 1960s. The Timna
Formation with copper is exposed at the bottom. The Shehoret Formation is overlain by
alluvium at the top. The tailings are piled along the road.

Station 8- The olivine norite and its relations with the plutonic rocks of the TIC (Fig. 4)

Cumulates of olivine norite with up to 40% olivine, 7% orthopyroxene and 14% plagioclase
and minor pyroxene hornblende pridotite were mapped intruding the Timna porphyritic
granite as large xenolites in the Timna Igneous Complex (TIC). They are often strongly
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altered to green clay described as “lawn” whereas fresh they form dark black exfoliated
round boulders. The norite formed as a cumulate and the Timna alkali granite was formed
by fractional crystallization both from a mantle derived monzodioritic magma in a quasi-
stratified magmatic cell. This magmatic cell was formed 610 Ma ago in the 625 Ma old
calc-alkaline, porphyritic granite crust during the first stages of the post-collision extensional

phase of the EAO (Beyth et al., 1994).

Station 9 > The dolerite dyke and the Cambrian peneplain
(Fig. 5, 6)

The doleritic dyke in Mt. Timna intrudes the Timna alkali granite which was previously
fractured and intruded by rhyolitic, andesitic and andesitic- ryolitic composite dykes (Fig.
4 and 5, Beyth and Peltz, 1992 and Beyth et al., 1994, Baer et al., 1994). Three distinct
phases of dyke intrusions are evident in the Mt. Timna Igneous Complex (TIC); the N-S
ones are intruding the Late Neoproterozoic, 625-610 porphyritic granite and the nurites
to alkali granites and pre-date the quartzmonzodiorite of 600 Ma (Beyth and Reischmann,
1997); the E-N-E  swarms, of 593 Ma old (Katzir et al., 2007), which post-date this
quartzmonzodiorite; the dolerite dyke which is strikes NW and is of 532 Ma old (Beyth
and Heimann, 1999, Fig. 5). No igneous activity was documented between 590 Ma and
532 Ma. The Mt. Timna dykes record transformation from arc-like geochemical signatures
(silica oversaturated, low Ti content and strong Nb depletion, Fig. 6) to one which is
overwhelmingly intraplate in character (marginally saturated in silica, high Ti content
and no Nb depletion, Fig. 6). This doleritic dyke directly underlies the sandstones of the
Amudei Shelomo Formation of Early Cambrian age. The sandstones do not exhibit any sign
of contact metamorphism. Thus the peneplain separating the TIC from the sedimentary
Cambrian rocks overlying it is of Early Cambrian age. Similar doleritic dykes were found
intruding the Mt. Amram Late Neoproterozoic volcanic rocks and in east Sinai.
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Figure 6- Spider diagrams of a. Mt. Timna dolerite dyke, and b. Mt. Timna andesite

dykes.
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Station 10 > The composite dyke

The extension phase of the Neoproterozoic East African Orogen (EAO), ~-610 Ma, was
accompanied in the TIC by mantle derived alkali granite, syenite, monzodiorite and nurite
intrusions and emplacement of bimodal, andesite/rhyolite and composite dykes (Beyth and
Peltz, 1992, Beyth et al., 1994) of ~593 Ma (Katzir et al., 2007). The composite dykes
are rhyolitic in the center and andesitic in the margins with either abrupt or gradational
contacts between them. SiO, in the andesitic margins is 56.53% and in the rhyolitic center
72.53%, Na,O 4.56% and 5.43%, respectively, and K,O 2.55% and 3.52%, respectively.

Station no. Il > Ancient copper mining and incision along
the first order streams in the Timna Valley

Here the stream channel cuts a horizontal shaft of an ancient, Egyptian copper mine.
Fluvial processes that took place in the recent extreme arid climate with occurrence of
approximately one flood each year caused intensive incision in first- and second-order
streams and accumulation of alluvium along them. The most intensive incision occurred
along the first-order streams below the TV cliffs, mostly in unconsolidated sandstone. The
best proof for this high degree of degradation occurs in the area of the ancient underground
copper mining operation, in the friable white sandstone of the Avrona Formation below
the cliffs with the arches.

The shafts were dug during two periods. In the earlier period, relatively dull tools were
used. These tools left rounded marks that were covered on the surface at a later stage with
an outer crust, a patina. These marks can be seen in the upper section of the shaft. At a
later period, the mine was dug deeper as evidenced by the sharp diagonal tool marks that
can be seen in the lower portion of the shaft, characteristic of the mines of the Egyptian
Period at Timna, 14th to 12th centuries BCE. The reconstructed direction of the digging
was from within the horizontal shaft towards the present day stream. The underground
mining operation begun with a vertical shaft and changed direction to horizontal along
with the copper-ore veins. The exposure of the horizontal shaft cut by the stream channel
is due to 6 m of incision during 3300 yr BP that passed from the Egyptian underground
mining operation.

The surface expression of this huge ancient mining operation and the numerous vertical
shafts are plate- like structures covering the area. These plates are very clear on the airphotoes

(Rotenberg,1988).
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A0 minn

NY'X (VD'W) INAXY A7'X V1N "1 VAN ;7Y 7N1 < 111NN

1721790 2P'va 2270 1T Y70 .N7'X 0172 7W 0IDI790D TNX 1T 7Y ‘701 ANNND [INNNA 1702
-P7p 10702 O''7IN2 7Y NXIAPT7 'Y XIN NP0 7Y N10p Nimd oy TN XApE Y7pnp'n ann
1213-127YN T7'WN 7Y 198N P70 7Y INDYD NIXADD NI 0NN 1T TXD 0'YI910 077X
D'7'X NINDX7 N7'X D113 |12 YIN X¥N1 N0 N9INY7 7n1n X¥IN'7 ‘7yn 'n 200-2 .(Garfunkel, 1980)
1112 N*'7217 NYYX719 AXANDI D'AIPOIN DYNI DD TTIX-T7PI7IX XINPD AP'YA 227D AT Y70
13712 DIN'TO-NDBNA JAITH Y700 7Y NI7II'DA YOY .45°-3 7Y NUITA NPT 772 |12 nbin
JI2IN0 NIMP7Il NINYRA XIN AT DIDYTO 7Y NIPNI DN YN (1961) 1IN1A,APXIMI NNAT 'D'79
M1120 X' |2 '7V1 NTY2A 'N2NYT [N 12 N1 Pyn '91INDNN N1ann XN NIN9X] NNNIDNN N'YX'7190
D'2720 ['2 Yann T X719 1127 0'7'12pn NIN9YA 0'Ipnn 23'wn Niwm .(Shimron, 1972) S1
Yann 7v nnexn 1'9IX 7Y NIT'YNI NIN9XN N7 NNITN 827120 7¥ NINZY NIXY7 [N NiNax7
12 197NN YIT'XN INX7 NWNIND INTNY [XINI DNY'Y7I N'¥NII9T 13N 'Nan7 [N X7 D102
D'T'YNN W2-1PT 0'7IY NIXIN 1K1 0Y71T) 0'Y'I10 NIA371I0 NINDYA 01190 NINI7Y .NIN9XN MNNIN
'9719-X71IP 7¥ DNIXD O'P"'T .N'ON' 7172 PRIVA NWNINN D'1AN DTNV IXIN 0D Ny 7y
N1IDOPDN By N'ON' TITY PRIYA NYWNINN 17X 7W DN'TA D127 T2 .DIT'RW MY DX D'YIN 071N
.00 DTN INX7Y 27U ITXN 7Y TR NIMDINNN 7Y 0T'yn 0N [271,007Y w2n-NpT

2 omupap o'7a nip [na (U-Pb) nasiy-nimix no'wa ninayn M0 0ronoT 02IpT 7¢ XM
[T X DAY 17X 079 .(1 N'72D) NINN 1197 ¥”N 800 NI1'101 X'W 1Y ,NINN 197 w’D 780-7 925
nit'7ax (Kolodner, 2007) pantTon 7w pnn MITX DX 1Y NIMP7IN NINYPA I'NRana Ni7'yan
Kolodner (2007) »y 12axinw 0uip1'ta DNIXA 177-7y miNnx7 wyviv (Hf) oimen 7 nroioimx
D'DTIR DU9IDITX DIINIA DI AIND DDA NID (4 WK) +47 -7 +13.3 QY g, 'IW NID 11N
;1982 ,'p0'7"2 XNAIT7) '21-127yn T7'win 7w 0T P'7n 7w 1N17722 *7marn roix 7y ormrynn (Nd, Sr)
7w 19X NIL7 NNNN 7X 0y 7w 9N Xt oy (Stein and Goldstein, 1996 ;Beyth et al, 1994
TNIN9XN 7Y PR NITXA NINANA (1:NIX2N NINYOXA 'NYD NNX 7Y TYyn'7 1Yy N7T771T00 N90ynn
"y NININAN P70 7¥ INDAR MY (2 .NIND IX NI 0777170 ,N90YNN 7 0IY 0'p'70 NINaIT
7'My 'DNP PR IDIN

NN 197 w'n 635-2 N7'X 012 7w 179 ipata U-Pb nowa niwTn jaxen nimay Yoy
XPIX DR 7U DIP7 DTy ROTneipnn (1 n'7ao) (Be'eri-Shlevin, 2009; Morag et al., in prep)
¥ DT'NNDANYT NY7P7X-P'7p0 NTXOND IMITI AT 01720 NIX ONY7 NYPW 12, T7'win 7w 119¥0 p'7na
NINNSNAN DINN 0'7911 +5.1 -7 +7.7 |'2,IMITI AT D120 DUIRPTA ITIDIY £, 1D .ANNDA WTX
-N ON'l NINBXAD O"DMIDTN 01IP'TA Hf 7w M7NNn 213700 Y 1T2IN 0'XN NINYP 0N 7w 19X
NI'0IN NIMNARA PN I XMW [Xan (4 Wx) (Wedepohl, 1995 ,0.015) nnpn 7w yximnn Lu/Hf
TYI NIYXIN DAPA DD QYW PTA 219 ,07IX DIWRIN O'KD NINYR 0N 7¥ T2 'yl
A7 27waw 72 Lu/Hf-n naayn 7w ornn nixnn RT7 n'on' 1¥p 110 ,w”n 200-3 ,0'0'170 NNy
M1 7¥ niaiyn 717w'7 nwp 371 NsDynn 13707 1YWY ONpn 2370 |2 1121 1990 MY vy
.0"1722 MBLYN PN

127y .(1 N720) NN 197 WD 609 -2 7¥ 727 7IXIN D'172N NX (XD D'YIND 007NN DTN TNX
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IWINY AITIPAIR 79 DIXUD DIYD DTN PI732 NRIYA Y700 NITAm 0ip T e, 9w 7in U-Pb 1734 i
:071'0 .(N7'X MINSY) "0 T PRR DT 7w (38U/2%Pb) ovzximirTax o'a oaven o7y y70n 772 12y
EG (2-1 1) mnw p*712ienx - SA onon prT - MD o oma - GG naxo o - TG nyx ninoy - ES
Patchett et al. (1981) '97 n7171T9n Nooyni 2070 DINN Jo'71M o9 R T - Qph n7x pa -
YW M7NNN 22700 Y9y WIN AWXIN OUXD NINwp 0Ny 7w 19xn ninnanan oinn Nowell et al. (1998) -1

(Wedepohl, 1995 ,0.015) 'nwan onpn 7w yxmnn Lu/Hf-n ont ninaxnn oromoTa oaipata Hf

T11NAX1 1IN VA1 ;7V* 7N1 < 2 01NN

MIYX17 OW9ID NN 7Y' '7N17 12NNnN YIyn n17yNa NIN9x7 0113 |12 yan'7 7yn ‘D 300-2
127N NIYRDYD IT NTIRPI2 NINWD 11X Y700 7V '7720 12370V |10 .NIN9XA D112 7V 0'D0721N'9119
NI '3 X711 X107 N11N2 11X D170 NY9IN NDYND 7¢ 'XDIMINXD .N'91INDNA 12172 A7y XN
N'¥NII9TN 17NP2 NDWDN 7Y INIXD DID'Y 7V TN 12TAI DN .NXY7I90 1IW0'7 1773 |9IX2 7'apn

(1985 ,01'0n1 T1aX) ST 7w n¥7 NXANY

1'NNY 11 7w D*711'ANNA OT'N ;11NN A < 3 a1nnP
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J7'X NIN9X7 DTN 1227 DAIFT-X1R 2 Y1 D2D710Y DTN AN0D N227I0 B'Y712'90XN DTN
DN NNNI9N NIDIPPA NINYND NIMN3 D'0IA1 712190X ,T7p1790 'yl 012710 17X 070
Y700 7¥ N'97inpnn 117N .1TYA '97ID0DD NI1ANA 'NANY7 [N X7 ATNh 2n2 X ST niex7io
DN NIN9YA N'9AINLRA NATA X NPXIN XNl (Page, 1972) M1 'D'712'9NX OX'X9I NITAIN
D172 0'"12 7Y ONTNNI ATNA AXY7I90 NYDIN N0-7Y .1N2 11'X DY712'90XN TN 7' .2110nY
Nipmynn M0 It AT (1972) Shimron yap (Qwnina nx1 '0aan 0man 7w 179 '237) n2in7
XN Nimaya 07X ST DX NN NNpvn 0T9INbRA NTX97 NDTIP ANTNI N7'X ITKA
NN 197 ¥ 610-7 670 |2 DOIY 079 1T a7 11y 172pnn oaipta U-Pb-1 Pb-Pb nipwwa
YINIX7 DINIXD 17X 079 77w oaiman 197 (1 n7ao) (Eyal et al, 1991; Morag et al, in prep.)

.(Qwnna o) ST NX 'Y MRV DT'9ANDRN

ninaxa F1'vong ;11NN 7n1 < 4 11NN

.N”0 NNWY NN TY 7W 72 71IX2 O'PITN D'DNPA IT NTIPIA O'DNIPH NIN9XA 0'MIPHPN 2A2'WN MY
1772 102 0N 0'ORPN N ST 7Y X790 1YWY '712pna nninT Mo D'ORPpn 7Y YN 1Ivbn
I7X D'DRPW XN (1985 ,01'DNI T11ax) ST 123-7y NNNI9NN D711 NYX1'77 72pna 217Yn-0NT

F1-2 onmam on 271 ST X719 NX W 172137 DINNXD 10WD INIX DNN ¥

D177 DMI1A7 NI7'N NINAX 1'A VAN ;1INNY 7n1 < 571NN

W70 [91X2 nNNivnn ST niex'7i9 Axni DIl T7p179 ,190T79-K X1pn 227 011N 0Man
NINDIYNA NIN9X1 0"1IN 7V "NNIYY7” NYSIN Y ["9IXD NINDYY '0'17120 0"'1aN |2 '2'TINDI'RN Yann
171179 7¢ D'DO721N'91191 012N N2 NINYXA 7W D'D'7110(7 T'Y'9IND NINIPRA.S1 0XINA 773 (1102
INTTN 2 0'T'YR 191720 01132 ST NINNBNAI NIT'AN |2 0WYaNn NID'Y .NINDYA Yann 1IX7 DY)
JIpP'vn OT'91INLDN YK 1197 1WNIN0

oTNn 071X (1 n72p) (Kolodner, 2007 ;Kroner et al, 1990) w”n 745-37 7IXIN 'D111I0 0"AN
NIINN 197 W'D 645-3 7W 727 12IXIN |IDNY 1N 7W N'D'712'90XN NT'N'A O'XYNIY ANIT 1370 7y
(Kroner et al,, 1990)

ninax1 F2 'ong7 ;1NN 7n1 < 6 11N7

'win F2 - aniXn DI Yy NDRIPD '9'170 0"122 ANIND NT'RAI NINBYA NNNIBNN ST NiYx719
MIY™M .N27Y0 [INND [9IX2 O'DII DAY DNIMD 0112 0'npa (Shimron, 1972) 1w N'YRII9T YINXY
.DN'7X 7'2pna nnNivnn S2 - N9 N'YX'7191 'NANY7 [N NINIPPRAI DYIIX D DAY

D171 D121 DMANINDN 07T ;1INNY 7N < 7 1INT

7U 12177100 00111 712'90X ,T7P1M790 020NN DMTIDOY TP T Y NNND |XD 'D'171IN 0"1aN
0'2IN1 NMIBI9ND 'XINA DO'Y-|"12 OX'X9] OT'OINDN 7Y O'T'YN 712'9DXN 7V ''IN 121NN 0P TN
N'721770 A'YXI7190 NIX DDNIN 01X 0P TN NN J(Avigad, 1984) N2120n 'Y'702 DMIYIN 17X
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F2 7w ovn miwm7 o'7apn-nn 0Nl 21YynR-NTR 17720 DN ,n2120n w7021 nnnionn S1
712pD |12 0'DIT7MI APTR X7 (5 K) DNNIN'PY7 N'7'2pnn S2 NiYX'719 NNNI9N OpYy 0'p'Ta
D'WINIXN Y 2 NTI90 DTN DTN D A7V 17X 01INan .0p TN Oy Yan NIXDN 01111 02 X))
(Garfunkel, 1980) MITXN D'¥PXPN YR 1Y 7Y ATVYRI D'9NDDNRN

- DPTTR DR VAR 7 niwxa7 nn -7y nwyiy oaipata U-Pb nowa qaxn
YIIXD NT7 INNN Don ninn At 72 (1 n72o) (Morag et al, in prep.) ninn 197 w’nD 507-2
D171 N'ON' 01N AN 1197 W”D 700 NI2'102 [0 73 *7y2 070 .N7'X T2 p'yi '91mnnin
IT N9IPN I X1 .N7'X ATXA NITIAYA 1I90XIY 0270 0N 0) 1D 77 X2 12701 12A1-127yn 17'wA
N9IPNA YpWIN X N19IMXA , T7'Wn NINNS9NN 77002 NMNann NI7'Y91 T 7w 191N N1MOXNN
DIPITAD DTN ITTOIY €, W (Avigad et al, 2007) D'91IWNA T7'WA W70 123-7y ' NN 1T
PN 7y OT'YND 17X 0122 00 (4 1K) +12.0 7w 71Y'7 00N NoN' 0T 01A 1770 0t Tan
I1UTX2 02 NIDPD NN 7W 7Y DY WIPD NIMY7 1YYY NNan'Y7 Mopyn

TT1N DITT-YI11;71 NIN7;71IX ;0AD1 7N1 < 8 1INTI

IX NIIY NIMI7INY DIYXIYIOX Y OIM9IXD OPI720 1Y, TTN 21727 N7'X 21720 12y 2rron 71700
N2 annnn 0'9pa 7n1 7w [i'7yn 1p7n (Garfunkel, 1980) naniwn nui7ixm nMIBoN NIyl [Ny
-P7pPN NTX9'T7 MY XINI7XIY DINNA NI 71730 1TARN 1A AT |I0179 .77 BrT-X1p 7Y (101790
Y707 NXIYN2 ¥22-'PT1I 0N VY70 '9121 'N2NY7 [N BIFT-X11pn N2 .N1I0pL-boIsn N1'7p7X
Y70 N2 XI720 0MON 019'DN Y707 ON"NPA 773 NNIN) “NII7PIX” DWUA N1 17X O'D0Y7 .NIXDN
0"DIPO'T NP '7V2 DI 17X O'9HN OITNX N2 11X DNAXA [9IX IX/I DIPDIEINXD (ANX 01900
D'INX .00 NN INIF7W PRINYT ONMNI7122 INX APY'7 NWR 27T X DAFT-XR7 DTN 0K

(6 71'X) 0N T'RN DI'X DAY7IVIE N DY721YD DN

(ES) n7x ninay'7i (GG) '01an 07 oniTn oroax (MD) orainnn opeT .NNTRR DAD - 7 NINN :5 X
D'9UNLPA TP
X710 X D'ININ
nnnionn S1n'7min
.n21ao0n 1y'702
NNNI9N DYy 01l

n'72pnn S2 n¥x'7io
| nirnn o .onmnp'7
ANIXD PUT Y DTN
D'71M 1'9D-XIP TV

(Qph)

U-Pb nowa qnxmn
n'RD DNIPT 7Y
nwn NI7pIxn
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Morag) niinn 197 W' 612-3 ~ TTN DIIFT-XPN 112y ND'W NNIXA 172pN0Y 17X7 (IXWD ND2)
17 DMIDI79-1'0 DTN DN 17X O'91 A'97 Nywna RN At ma (1 n7ao) (et al, in prep.
NYDI 7T 72 17x o Tnnn TNXa (Katz et al, 1998 XparT7) 'uMrT Xpn 101790 Navn nx
NTYD 1783 DIPT 7W DNXXD 1NN 197 WD 2055- 7¢ 'XITNDINDIXYI-MD 7' 7Y |17 v
NI7{IXN NNX .N'MYNN 7¥ 1N D'PI0DY 072112 X110 723 XXDIA 2Ny 0NpD NNYon nninn 7y
AT NpPNAY 12 7y T'YDN 12T ,01N 197 D 845-1 7w 717 N2ININ (26 1I'K) 0'9D1 7N12 NI7IVNN
XIn Nt y70 .(Morag et al,, in prep.) T7'win n1'¥' 7w 0 TPIN D'27WUN Y701 NIPRY N'7110772 121D

S7XY' DINNA IXINY 1N prnyn y7on oY (121

.O"DAPO'T NP 7Y2 1I0I79-1'0 1TNN ;0'9D1 701, TTN DFT-Y P NITPIX :X6 WX
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270 2TRD A0 0

.N”Y1 2121 D19NX 0NN .1

YAW-IX2,2212 |12 |2 ND'0121IX ,N2100 'YTRINII7IXIYT7 Np7nnn .2

1INT7il

NINN9NN2 [NNXN 27w DX AINDA 13N N1IAN7 "W |17V DIM2Anp-n19 790 N7'X DInI7ap
3 17X NITAY .OMNYA' 0'D07p D'DIN'TO NYPWAl NP7 NI7'Y9 770v ,an-111yn 2'onn
nann p7n 0 (Grfunkel, 1980 ;1970 711972 ;Bentor, 1961) nwani7ap-np'7un 170N
NIYN N12Y X7 WX [IP'RITNDINDA NINNXAT N'WYI7UN N'DINIZAIR-1R' 710 ATXD7 NIDWI 11N
MI9D790 27w 'NIXN 27wn 12 1ayna avnannl (Weissbrod and Sneh, 2002) nro1inoni
(Garfunkel, 1999)

[2722 7212 X1 27yN2 (1 AR) N7'R7 N12IYN N7 5-3 N7V N WA 12102 X¥N1 N7'X DIDI7IAIp
XIN 71220 DT, 7T 0" Y ,NR7W 10 Wi 12102 ,02W0n 11p2A |19¥1,001 [27122 NP ,AnT7Y
7N1 'YW NDWA O'XXD1 0'9011 N'7'X DINIZAIP '9IYND .0'90] |'Y N'7'X W27 IN01 ,N7'X 0113 1Y
.0'9D1 |'V N'7'X Y127 Nn7vY

a'0N NoN 1 X
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N7'X DINITAIPA IPOY TWX,ONTIP DIPNN
,(1959) 117'w "y NNwy1,1:50,000 1"1p2A N9M 7713 ,ANT7Y 1N W22 DIRI7A1pN 7Y ND9D NTIAY
202 N'7'X DINIZAAP DTN UM XN N'77190 N901 A\pnn NTiay Bentor (1961) v yxia ool
,0'0'DNA'NA NITPRNA )N AN7Y 10 7w 09N M9 .(1962) 172 Y NYXIA DYAN1 Nyl DOV

nw nminw ,Gutkin and Eyal (1998) -2 02101,(1996) ['7012 ™y Y¥I2 N'7IX DINI7211P21 DR TR XIXA
.DINI7APN 7Y D'OX'XD

,NTN-1p 1WA ,(2 R) N'7000T NN ID7IX WX, D9IYND 13 -1 YXAN (2006 ,]22) 'N210A 1jpnnn
[2 DD .0'9pPWYA NINYIT7 OpPYIDD NIXNAITI Y700 '7¥ 0'9011 NTY '1"9XD 190X] .N1INN NN NP7
.N12'20n Y70 Oy DINI7APN 7Y Yann '9IXI O'0N' 11N211 DII9N 19'D YXIA

NN TI2'Y NIYXNX21 D'IJO'7|7|'I 2’7NN NNt 1"7?!]1 12X

2 7I'X2 YOI Ipnna YNIQY  MImnn T NIYYDN] O'D07pn 0''DInn NIN 770N
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