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In t roduc t ion  |

The present field trip follows the story of the early Pleistocene basin reconfiguration in the 

central Negev, which was triggered by the slow but steady-going regional tilting towards the 

Dead Sea Rift, resulting in the delineation of the present-day basin lines and hence “landscape 

birth” at around 1.8 Ma. We will focus on two major wind gaps in the Negev, across which the 

larger precursor of the present-day Paran stream (the “Paleo-Paran”) flowed (Avni et al., 2000), 

and which now divide between the Paran catchment and the active basins of Hiyyon and 

Neqarot. In the vicinity of these two wind-gaps (Paran/Hiyyon and Paran/Neqarot) a sedimentary 

fluvial sequence representing the Paleo-Paran drainage pattern (the Arava formation) followed 

by lacustrine section which was deposited just prior to the Paleo-Paran break-down (the 

Zehiha formation) was preserved. We will discuss the relation between sedimentation and 

preservation of this sequence in light of the early Pleistocene eastward subsidence that led 

to the eastward stream capture. Regional exposure dating of wind gaps and high abandoned 

terraces (within the present-day drainages) with cosmogenic 10Be enables to constrain the 

delineation of the present-day water divides to 1.8 ± 0.2 Ma. The dating displays a continuous 

incision history of the landscape that left the highest points practically undisturbed due to the 

region’s hyperaridity (<50 mm rain in all of our study sites) and the extreme resistance of the 

capping desert pavement to erosion.

The Dead Sea Fault system (Fig. 1a,b) separates the African plate from the Arabian plate. Left 

lateral movement, which initiated 18 to 14 Ma, accumulated a total offset of ~105 km (Garfunkel, 

1981). The Negev desert is situated to the west of this plate boundary and is currently among 

the driest places on Earth (Amit et al., 2006). At ~5 Ma, extension initiated the development of 

the Dead Sea Rift (DSR) as a deep inland base level and caused uplift of the rift margins. An east-

west transect across the Dead Sea Fault system (Fig. 1c) in the central Negev reveals a highly 

asymmetrical half-graben-like structure, where the eastern (Jordanian) margin is significantly 
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Fig. 1. a) Location map of study area in the eastern Mediterranean, b) general topography of the area, and c) a 

topographic cross section across the rift flanks (A–A’) and along the trace of the Edom Channel (after Wdowinski 

and Zilberman, 1997; SRTM 90 m elevation database). Current elevations of the Arava formation (including 

the Edom Channel deposits) are shown in black; their reconstructed original elevations and vertical motions 

since the Pliocene are shown with a dashed line and thick arrows, respectively. “Quaternary tilt axis” refers to a 

narrow region of minimal tectonic perturbation, which is believed to have experienced only negligible elevation 

changes since the Pliocene (see text). Study area is outlined by an empty black box.

higher and the western (Israeli) rift margin gently subsides towards the rift zone (Wdowinski 

and Zilberman, 1997). On the latter margin, the Paran catchment is the largest, draining an area 

of ca. 3800 km2 toward the Dead Sea (Fig. 2b). 

Garfunkel and Horowitz (1966) were the first to recognize a major drainage reorganization 

episode in the central Negev during the Quaternary, which they reconstructed by tracing fluvial 

units (“Arava conglomerate” and “Hameshar formation”) across the presently independent 

basins of Paran, Hiyyon and Neqarot. Avni (1998) and Ginat (1997) carefully mapped, re-

evaluated, and incorporated these units into a stratigraphical framework termed the “Arava 
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Formation” (Avni et al., 2001). They concluded that (a) this formation was deposited by a major 

drainage system whose main channel flowed west of and subparallel to the Dead Sea Fault 

and (b) during all stages of the paleo-Paran river, its final base level was the Dead Sea (Fig. 2a). 

An autochtonous lacustrine unit of low stream power and associated red buried soils (“Zehiha 

formation”) has been described (Ginat, 1997; Ginat et al., 2003), and is believed to have played 

a crucial role of masking the paleo-Paran basin boundaries (Avni et al., 2000) and creating 

favorable conditions for the subsequent eastward stream capture.

At each station of this field trip, we will introduce the different units and try to reconstruct the 

drainage reorganization history, based on field relations and the newly acquired age control.

Fig. 2. The evolution of the major drainages in the central Negev and 10Be exposure ages. a) reconstructed 

Pliocene rift-parallel paleo-Paran river system that deposited the Arava formation (after Ginat et al., 2000; Avni 

et al., 2000, 2001) and b) present-day drainage systems and major basins. Sample locations are shown on both 

panels, with their names on the left map and simple exposure ages (in Ma) on the right map (see also Table 1). 

Dead Sea Rift axis delineation is after Wdowinski and Zilberman (1996, 1997).
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Fig. 3. Schematic representation of the 10Be geochronometer.

Cosmogenic isotope dating is based on the interaction between “cosmic rays” consisting of 

highly energetic elementary particles and atoms at the surface of the Earth (Lal, 1991). These 

particles traverse through interstellar space, hit the top of Earth’s atmosphere, and produce 

a neutron flux which reaches the uppermost crustal rocks. The intensity of the flux is higher 

at higher latitudes, and in each specific rock is dependant on the “cumulative density” of the 

media traversed by the flux from the top of the atmosphere to the rock (in other words, the site’s 

elevation above mean sea level and rock’s depth from the surface of earth). Most of this flux is 

attenuated within the upper 2 meters of the Earth’s surface. The collision of cosmic neutrons 

with lattice atoms in a rock produce new isotopes (“cosmogenic isotopes”) with a lower atomic 

mass than the original target atoms. Thus, the concentration of cosmogenic isotopes serves as 

a sensitive proxy of near-surface residence of rocks. If the newly created isotope is unstable, its 

concentration in the rock is then determined by the rate of its production by cosmic rays on one 

hand, and its radioactive decay rate on the other (Fig. 3). From the moment that a rock is first 

exposed to cosmic rays (assuming a zero initial concentration of the isotope in question), and 

until an equilibrium between the production and decay rates is reached (when the isotope’s 

concentration is asymptotically reaching its maximum possible value), the concentration 

may be “translated” into residence time of the rock in the cosmic rays “production zone”. The 

efficient maximum time window for dating for each isotope is determined by the balance 

between its half-lifetime (1.39 Ma for Beryllium-10), its production rate and rock erosion rate 

and of course by analytical limitations. Beryllium-10 is the most commonly used cosmogenic 

isotope, primarily produced by neutron spallation of lattice oxygen atoms in quartz, whose 

pure chemical composition makes the 10Be in quartz the most widely used proxy for dating 

Pliocene to recent surface processes in terrestrial sediments.

Assuming a radioactive buildup up to saturation, the measured 10Be concentration can be 

translated into “time”, whose interpretation depends on the geological scenario. On stable 

surfaces (e.g. a reg soil with desert pavement on top of an abandoned alluvial terrace in 

an hyperarid zone), the time represents the age of surface formation (last truncation). 
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Alternatively, on a surface undergoing constant erosion (e.g. a constantly retreating waterfall) 

the time characterizes how long does it take a rock to move from a depth where cosmogenic 

production begins (~2 meters deep) towards the surface, i.e. the effective erosion rate. If 

two different isotopes (each with a different decay rate) can be measured, the burial age of 

material can be calculated. Apart from the end-member situations described above, the time 

usually represents a mixture of inherited concentration, the exposure (or burial) age, and an 

erosion rate. In all scenarios, in order to correct for previous exposure histories (a non-zero 

initial concentration of an isotope in a rock) and constrain more complex geologic scenarios 

(involving burial and re-exposure cycles), it is customary to collect and date depth samples as 

well (a cosmogenic depth profile) and apply numeric modeling. 

Stop 1 |  The lacustrine section and the red paleosols of Zehiha 

formation in Wadi Zihor 1924/4562

Fig. 4. Tectonic map of the 

paleo-Paran basin. DST – Dead 

Sea Transform; SAFB – Syrian 

Arc Fold Belt; SNSZ – Sinai-

Negev Shear Zone; NG – 

Neqarot Gorge; MP – HaMeshar 

Plain; KG – Karkom Graben; MR 

– Menuha Ridge; ZH – Zehiha 

Hills; PP – Paran Plains; GE – Gulf 

of Elat. (Sources: Sneh et al., 

1998; Ginat, 1997; Avni 1998; 

Avni et al., 2000)
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We enter Wadi Zihor from Highway 40 (about 1.5 km west of Zihor junction), and drive upstream 

~12 km following the red marked route, until “Shen Zihor” (Zihor tooth). This eastern segment 

of Wadi Zihor is bound between two subparallel fault lines separated 1-2 km from each other, 

the Zehiha fault on the east (prominent along the eastern bank of the river as hogbacks of the 

Menuha and Mishash formations, tilted up to 90 degrees) and the Zihor fault on the west (Fig. 

4). The two faults bind a graben (“graben Zihor”), while the net effect of both faults is a mild 

subsidence towards the east (Fig. 5), reflected by the difference between the elevation and 

stratigraphic position of the Ovil cliffs (Mishash formation at a mean elevation of 500 masl) and 

the Zehiha hills east of the Wadi Zihor (Avedat Group at a mean elevation of 400 masl). 

The two faults, Zehiha and Zihor, are part of a longer tectonic line forming “Telem Zenifim” in 

the south, and the Baraq and Wardit waterfalls in the north. This tectonic line is called “Zenifim-

Zihor-Baraq”, and is one of the major longitudinal (north-south) tectonic lines in the central 

Negev, subparallel to the Dead Sea Fault (Fig. 4). We will stop our cars just south of “Shen Zihor” 

(Zihor tooth, 500m before the marked overnight camp). In this region, Wadi Zihor turns abruptly 

to the west towards Zenifim Mt., while we will go south-eastwards and enter a small streamlet, 

where distinctly bedded light units mildly dipping to the east are visible on the left bank.

Fig. 5. Field relations in the Zihor graben a) after Ginat (1997), b) after Avni (1998). 

Formations: Kuge/Kugr - Gerofit, Kuz - Zihor, Kum - Menuha, Kumi - Mishash, Kug - 

Ghareb, Tlt – Taqiye, Tlm/Ta - Mor and Paran, Na – Arava.
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These units comprise a section of ~15m composed of hard units of ~1m thickness of white 

lacustrine chalk, interbedded with layers of 2-7m of greenish detritic limestone, and thin layers 

of 10-20cm of black clay (Fig. 6). Apart from the detritic limestone, all other lithologic beds 

are rich with fossils: Chilicidae teeth, clams (Melanopsis, Melanoides), algae (Charophyta), and 

Ostracods typical of fresh to brackish waters. These units comprise the “Zehiha Formation”, 

which overlies in an angular unconformity all other units (Cretaceous – Pliocene) in this area. 

Based on stratigraphy, the similarity of the fauna and lithic assemblages to those of Ubediya 

in the central Jordan valley which is dated to 1.4 Ma (Ginat et al., 2003), the Zehiha fm. was 

attributed an early Pleistocene age. Based on regional occurrence of the Zehiha formation in 

the margins of the Zihor graben, a large sweet water body (18 km2) was reconstructed. This 

water body existed due to a probable combination between low regional gradients and a 

blockage that prevented efficient draining of the accumulated water in the graben. 

Fig. 6. Columnar section 

of the lacustrine section 

of the Zehiha formation 

(Ginat et al., 2003)
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We will now advance upstream another 400 m towards the northern bank of the channel. We 

see a fine section of red clay with obvious layering (Fig. 7). The clay is of Illite-Smectite series 

with a quite uniform concentration of Si, Ca, Fe, Mn, Ti and Al, typical to arid and semi-arid soils. 

In the section, one can recognize up to 5 distinct paleosol layers (Bk soil horizons) each about 

20 cm thick, made of 1cm carbonate nodules (rhizoconcretions). Towards the upper part of the 

fining-down section, one finds micritic calcium-carbonate well intermixed with clay. The upper 

part of the unit is inter-fingered with the lake sediments further away. This tells us that the 

“red unit” belongs as well to the Zehiha formation, and has the same age. The fine sedimentary 

fraction reflects the low regional gradients, and low energy, that enabled all sedimentary 

fractions greater than fine loess to reside on the hillslopes without being washed to the lake 

vicinity, where the soils formed. The calcic soils are typical of semi-arid climate with 200-250 cm 

yearly rain (currently, the region gets less than 50 cm); it is also probable that part of the soils 

developed under the water body.

Fig. 7. Columnar section of the red soils in the 

Zehiha formation (Ginat et al., 2002)
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Stop 2 |  Arava formation section (Edom facies)  1928 / 4561

Coming a little way back towards the vehicles, we will turn northeastward and start climbing a 

parallel streamlet (one to the north). In the streamlet we meet a coarse conglomerate in which 

red and pink granite clasts can be found (Fig. 8). These are “alien” to the central Negev, because 

the closest crystalline basement outcrops only in the southern Negev, in the Timna Valley or 

south of the Tamad fault (45 and 60 km south of here, respectively).

Fig. 8. A red granite clast in the Arava formation

The imbrication (the direction that the uppermost parts of the elongated/flat clasts are pointing 

to) of the conglomerate, its regional distribution (which spreads like a 2-5 km-wide belt across 

the central Negev from the Arava water divide in the East towards the foothills of Mt Karkom in 

the west; Fig. 1), and the recognition of the closest, and most probable source outcrops for the 

crystalline clasts east of the present-day Arava Valley (Wadi Huwar in Jordan, east of Jebel-er-

Risha), all point to the conclusion that the conglomerate did not originate from the southern 

Negev, but was transported and deposited by a river which originated east of the present-day 

rift (which locally didn’t form a prominent depression) and drained westward into the main 

channel of the Paleo-Paran (Ginat et al., 1998; 2000). 

The density of the crystalline pebbles in the lower unit of the conglomerate decreases upwards 

in the section. The lower coarse conglomerate is overlain by a 10m thick sandy unit which 

is capped by a coarse conglomerate. This upper coarse conglomerate is predominantly 



ˇ סיורים XIII

composed of chert and carbonate pebbles, with very rare granitic clasts. This comes to show, 

that even though the transport regime remained energetic, the eastern granitic sources were 

gradually depleted or cut off, as the river started transporting and depositing more and more 

locally derived materials (Fig. 9). 

 Fig. 9. Columnar section of the “Edom Channel” facies of the Arava formation (Ginat et al., 2002)

Field relations indicate that the conglomerate pre-dates the Zehiha formation (which is 

deposited in an angular unconformity on top of it). The conglomerate unit is called the “Edom 

Channel” facies of the Arava formation, denoting the Jordanian source of the far-transported 

crystalline clasts. This formation has never been directly dated before, although regional 

correlation and field relations constrained this unit within the Pliocene between 4 - 2 Ma (Avni 

et al., 2001). 
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Stop 3 |  Desert pavement capping the Arava formation, on an 

abandoned windgap/waterdivide between Paran and Hiyyon 

basins (1932/4560)

 Fig. 10. Desert pavement developed on the Paran/Hiyyon windgap above the Zihor graben

This station is located on the divide between the Hiyyon basin to the east and the Paran basin 

(to which the Zihor Valley drains into) to the west. From this vista we see the Edom (Jordanian) 

Mts and the water divide (backbone) of Arava on the east, and the distinct shape of Mt. Karkom 

on the west – these are key reference points for understanding the landscape in which the 

Edom and paleo Paran drainages flowed. On this water divide, we see a perfectly flat and 

even surface (Fig. 10) paved with equally sized (2-5 cm) chert and carbonate clasts, practically 

indistinguishable from each other due to the dark varnish. The “pavement” overlies a fine-

grained reddish soil horizon. Among the clasts, rare granitic clasts as well as “dove eggs” (large 

rounded quartz pebbles) reflect a Precambrian-Cambrian rock source. The soil development 

stage is extremely old (Stage E; Amit et al., 1993, 1996), and consists of a vesicular layer of ~5 

cm just underneath the clasts, a gravel-free fine silt layer of 30-40 cm, and distinct layers of 

precipitated gypsum and salt. These soils are believed to be formed by accumulation of desert 

dust, which is first blown on top, and then washed through the gaps between the desert 

pavement clasts. The dust accumulates underneath the “desert pavement” clasts, which serve as 

an armour for the fine material. The desert pavement layer (A
0
) thus represents the uppermost 

gravel layer of the river bed on the day of its final abandonment and stream disintegration. 

This layer then “floats” on top of the accumulating dust, and since it doesn’t experience surface 

erosion due to hyperarid climate, the non-existent runoff on the water divide, and its extreme 

resistance to weathering, its exposure age may approximate the time of river abandonment. 

The exposure dating of the desert pavement on the Paran/Hiyyon windgap with 10Be yielded 

an age of 1.69±0.06 Ma (Guralnik et al., 2010). Note that the age error doesn’t include a potential 

μ∂
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systematic shift of up to 10% for all ages at once due to methodological uncertainty in the 

cosmogenic production rate.

A tectonic phase along the Zenifim-Zihor-Baraq line terminated the fluvial activity along 

the Edom channel and created a local depression (graben) in which a shallow water body 

accumulated, lake sediments were deposited, and soils developed. Thus, these sediments 

represent a stage when transport energies were extremely low and the Negev was “leveled”. 

Further tilting to the east (apparent from Zehiha formation tilting towards east) caused the 

lake to drain and initiated the present-day stream patterns, which are perpendicular to the old 

directions. The new directions are dictated by the N-S trending faults. The early Pleistocene 

exposure age of the desert pavement at pt. 433 represents the time of the dramatic change 

from the “Edom River” westward fluvial system to the lake system of the “Zehiha formation”, 

which masked the regional gradients and led to the establishment of the present-day drainage 

systems. The windgap records the very old age due to scarcity of precipitation/runoff at the 

windgap, the tectonic stability of the gap and the extreme resistance of chert to weathering. 

This age thus represents the “birth” of the present-day landscape in the Negev. A timeline 

cartoon of events is shown on Fig. 11.

Fig. 11. Tectonic history and landscape development in Zihor Graben (after Ginat, 1997). Formations: Kuge - 

Gerofit, Kuz - Zihor, Kum - Menuha, Kumi - Mishash, Kug - Ghareb, Tlt – Taqiye, Tlm - Mor and Paran.
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So far, we’ve seen evidence for a Pliocene river which flowed from Jordan through the (non-

existing) rift valley zone to the central Negev all the way to the foothills of Mt Karkom where 

it drained into the paleo-Paran. Eastward regional tilting is likely to have been accommodated 

by rotation of small, separate blocks along horizontal NNE-SSW axes (Garfunkel, 1970; Ginat et 

al., 2000; Guralnik, 2009; Fig. 12) decreased the local gradients until the river was cut off from its 

Jordanian sources and became more local.

From Pt. 433, we return to our vehicles, and drive back north to highway 40, on which we turn 

northwards and drive through “Ovil plains” until the road turns sharply to the west, descending 

into a depression known as “the Karkom Graben”. The road follows the southern bounding fault 

of the graben, with Senonian chert units (Menuha-Mishash formations) on the south juxtaposed 

Fig. 12. a) Block rotation model (after Garfunkel, 1970). Regional rotation (indicated by 

the angle  for blocks II-V), is superimposed on local rotation (indicated by  and common 

to all blocks), no vertical exaggeration. b) Observed and modeled elevations of the Edom 

channel facies along transect AA’ (A=183/462, A’ = 210/450 ITM Coordinates), vertical 

exaggeration of ~20. The model uses a pre-reversal gradient of 1‰, block height of 2 km, 

subvertical faults (dipping >80°), α=0.3° and β=0.6°. The calculated elevations reproduce 

actual heights of outcrops within a precision of 30 m.



ˇ סיורים XVII

against Miocene red sands (Hazeva formation) on the north. Apart from the Arava Valley, the 

Karkom graben is the largest pull-apart structure in the central Negev (~70 km2). It was formed 

by right-lateral movement along an east-west fault system (“Sinai-Negev Shear Zone”), which 

was active mostly during the Miocene (Calvo and Bartov, 2001). We depart from highway 40 at 

around 1952/4715 and turn to a gravel road leading us towards our next station.

Stop 4 | the Kuntilla section of the Arava formation in the Arod Valley

Fig. 13. Arava formation in Nahal Arod. Formations: Na – Arava, Qz - Zehiha 

We drive through Nahal Arod along the black-marked trail from its confluence with Nahal Paran 

to 19095/ 47705 where we climb out of the stream through the main windgap between the 

Paran drainage system and the Meshar. Along the way, the upper part of the Arava formation 

(the Kuntilla member) is exposed on the western bank of the channel (Fig. 13) overlying the 

Miocene Hazeva red sand (193167/474407). The Kuntilla member of the Arava formation 

includes ~80 m of conglomerate, sandstone, siltstone and claystone with fine-grained silty-

sandy matrix, and calcareous cement. A lacustrine sequence, 10–30 m thick, inter-fingers with 

this section in several locations within the Karkom Graben, consisting of alternating chalky 

limestone and marl beds. Apparently, several small lakes developed on both sides of the main 

Paran-Neqarot channel and its tributaries within the wide and open basin of the Karkom 

Graben.

Our route leads us through the small canyon of Nahal Arod which incised in bedrock (following 

the capture of the Paran drainage towards the east) and across the windgap/water divide 

between the Paran drainage system and the Meshar (which drains into the Neqarot drainage 

system). 
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Stop 5 |  The Meshar/Paran divide 

Important note: This stop is located on the actual present-day divide between Nahal Paran 

and the Meshar (which drains to the Neqarot). The desert pavement discussed in this stop 

was collected from a nearby surface at 192681/474041 and which is relatively difficult to 

access.

We drive a few km on the Meshar plateau back to highway 40 and turn south for about 2.5 km. 

There we climb up a small hill on the west side of the road (194709/477011). From this point we 

can see gemorphic and lithologic features which represent a significant period in the evolution 

of the central Negev landscape. It is possible to follow most of the course of the Pliocene paleo 

Paran drainage system. Desert pavement samples were collected from various points along 

this route (Figs. 2 and 14). 

We look southwards at the Canyon Ada cliffs. The 120 m high cliffs are composed of distinctly 

bedded red units tilted to the east, which are truncated by a sharp unconformity about 30 

m below the cliffs tops. The unconformity is overlain by a horizontal grey unit, ~ 30 m thick. 

The lower tilted units belong to the Karkom formation of the Hazeva group (Calvo and Bartov, 

2001), made of alternating coarse grain sandstone and conglomerate, cemented with calcite, 

with a variable pebble composition (“imported chert” from Jordan, and local chert and 

carbonaceous sources) attesting for a clear Jordanian source and a large westward flowing 

river system, that crossed the proto-rift and drained the Jordanian plateau through the Negev 

into the Mediterranean. The Karkom formation and Rotem formation below it (not exposed 

here) are believed to have covered large areas in southern Israel prior to tectonic activity that 

terminated most of the westward flowing drainage (apart from the “Edom River” and “Heimar 

River”, two rare exceptions) in the Pliocene, and led to erosion of the Hazeva group off of most 

of the elevated regions. The overlying formation is the Arava formation. 

The final several meters of the sequence in Graben Karkom belong to the Zehiha formation 

which overlies the Arava formation (Fig. 13). Its facies is different from the one we’ve observed 

in the Zihor valley, but it’s function is the same: masking the residual topographic differences 

between the Paleo-Paran channel and the eastern-to-be water divide. The desert pavement 

developed on top of the surface is very similar to the one we’ve observed on the water divide 

between Paran and Hiyyon drainages, only that now we’re standing close to another regional 

drainage – between Paran to the south, and Neqarot to the north. The 10Be exposure age of the 

desert pavement is 1.81±0.07, which within internal errors coincides with the 1.69±0.06 age of 

the Zihor windgap (Guralnik et al., 2010). 
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Fig. 14. Exposure ages of active and inactive surfaces in the Negev. Water gaps are marked in red. Terraces are 

marked in blue. Some water gaps such as KK and KM are active and they retreat due to headwater migration.

The similarity of the water divide abandonment ages across the Negev (Fig. 14) raises a question 

about the synchroneity of the Zehiha formation and its regional importance of aggrading and 

masking semi-closed basins and reduced-gradient channels, thus allowing overflow of water 

across the Paleo-Paran basin boundaries and leading to the establishment of the present-day 

basins. As can be seen, 5 out of 7 windgaps at varying distances from the rift axis (5-35 km) 

share a similar abandonment age of ~1.7 Ma, showing only a negligible age-distance slope 

(Fig. 14). Several interpretations of this slope are possible (Guralnik et al., 2010): 

The slope is insignificant, and represents a synchronous water divide delineation at ~1.7 1. 

Ma. That delineation occurred after tectonic stabilization in the Negev, implying that the 

backbone of Arava (the easternmost point on Fig. 14) experienced an average subsidence rate 

of 200-300 m/Ma during the period of 4 - 1.7 Ma. Although this is the most straightforward 

interpretation, it neglects later Pleistocene tectonic activity (including the faulting of the 

Zehiha unit itself across this transect, as we saw in stops 1-2), and thus is unlikely.

The slope is significant, and reflects increasing cosmogenic inheritance of in clasts which were 2. 

transported by the west-flowing Edom Channel. In this scenario, the water divide delineation 

is still simultaneous, but occurs later in time (1.5 – 1.0 Ma), implying slightly lower subsidence 
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rates of 150-280 m/Ma during the period of 4 - 1 Ma at the backbone of Arava. This scenario is 

unlikely as well, since we’ve seen that the chert clasts are mostly of local origin, and are thus 

not expected to vary in their initial concentration.

The slope is significant, and reflects an eastward-propagating basin delineation. In this final 3. 

(and preferred) suggested scenario, the desert pavements formed before the Pleistocene 

tectonic movements, during an asynchronous basin delineation starting at ~1.8 Ma on the 

west and ending at ~1.5 in the east. This implies that since 1.7 Ma till present, the backbone 

of Arava subsided at a slow net rate of ~120 m/Ma. Coupling between desert pavement age 

and its subsidence rate currently prevents to decipher the subsidence .

The record of fluvial activity within present-day basins is represented by the inset terraces (Figs. 

2, 14), which started at ~1.4 Ma, and is continuous till now; however, the rarity of surfaces in the 

age range of 1.4 – 0.4 Ma is explained by early Pleistocene rapid tectonic movements, which 

probably excavated large amounts of sediment leaving but a few terraces.

Stop 6 |  Arava conglomerate rel ict  terrace in the Meshar Plain 

197224/490766

Fig. 15. A relict of the Saggi member of the Arava formation at the headwaters of the Meshar – Neqarot canyon.
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We continue our way northward on highway 40 to the turnoff into Nahal Hadav. and then 

along the black-marked trail for about 5 km to the next stop. In this relict hill, we encounter 

a pebble assemblage of the Paran-Neqarot fluvial system (Avni et al., 2001). This is the Saggi 

Member of the Arava formation. It contains two major components: 

A) Far-transported clasts derived from the basement complex exposed in the Biq’at HaYare’ah 

region west of Elat. These include igneous rocks, mainly quartz porphyry, granite, and occasional 

gabbro and dolerite, as well as gneiss and schist. In most outcrops, quartz pebbles typical of 

the Paleozoic sandstone sequence are common. Also present are silicified sandy phosphorite 

clasts derived from Senonian units in the southern Negev and southeastern Sinai, as well as 

various carbonates and cherts not known from the Negev. In some outcrops, about 10% of the 

conglomerate volume consists of well-rounded chert pebbles which were derived from the 

Eocene sequence of southeastern Jordan (known as “allochthonous chert”). These pebbles are 

considered to be recycled from the Miocene Hazeva Formation in which they are abundant. 

B) A great variety of sedimentary rocks of more local derivation, mainly limestone, dolomite, 

chert, and chalk. This assemblage represents the whole range of rock types exposed in the 

drainage basin. It occurs along a narrow strip, from several hundreds of meters up to 3 km 

wide, that defines the main channel of the paleo-Paran-Neqarot drainage system, and makes 

it possible to trace this channel from Biq’at HaYare’ah near Elat to the Arava Valley near Ein 

Yahav.
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Stop 7 |  The Neqarot canyon and the Neqarot -Meshar confluence 

(200790/498445)

Fig. 16. The Meishar – Neqarot confluence (looking up stream). Photo is taken towards the west. Nahal Meishar is 

on the left. Nahal Neqarot is on the right.

Fig. 17. Location map 

of the late Quaternary 

sampled terraces 

(Guralnik, 2009)
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We continue down stream along the black-marked trail in Hadav stream for two more km 

where it drains into the Meshar stream. The marked trail continues about 8 more km to the 

confluence of Meshar and Neqarot streams (Fig. 16). The present courses of the Meshar and 

Neqarot streams are within an impressive canyon carved in bedrock. For the most part of it, 

this canyon is called the Neqarot Gorge (Fig. 17). This is an antecedent drainage course carved 

during the Pliocene by the Paleo-Paran river (Zilberman et al., 1996). The Neqarot basin drains 

an area of ~1000 km2 towards the northern Arava Valley. The Neqarot drainage basin includes 

Makhtesh Ramon (the biggest of the four erosion cirques in the Negev; Zilberman, 2000), 

where Lower Cretaceous sandstone outcrop. These outcrops are the main source of quartz 

sand in fluvial deposits within the Makhtesh and downstream in the Neqarot Gorge. Within the 

Neqarot Gorge, strath bedrock surfaces situated 40 – 50 m above present-day channel suggest 

that they have once formed the riverbed of the gorge. However, alluvial material is preserved 

up to 20 m above current river bed.

Cosmogenic concentrations measured in actively transported sediment are used to understand 

and characterize present-day drainages, and aid in constraining the initial conditions and ages 

of sediment in abandoned terraces. Moreover, an assumption of a basin-wide isotopic steady-

state may be made if the cosmogenic concentrations do not decrease downstream, allowing 

to interpret the concentrations in terms of sediment transport times and averaged basin-wide 

erosion rates (Brown et al., 1995; Bierman and Steig, 1996; Granger et al., 1996).

Three samples of active channel sediment were collected above and below the confluence of 

the Ramon and Neqarot streams. A fourth active channel sediment sample was collected 30 km 

downstream in the Neqarot Gorge. All sites have similar 20 – 30 m wide channels, an average 

slope of 0.01, and surficial sand-sized sediment. At each site, sand was collected perpendicular 

to the stream direction at ~0.5 m intervals across the entire stream and amalgamated into 

a single sample. The 10Be concentrations measured in the active channel sediment of the 

Neqarot Gorge decrease downstream (Fig. 18). Their values decrease from (3.06 ± 0.18) × 105 

atoms g-1 SiO
2
 at the “Ramon Gate” to (1.13 ± 0.06) × 105 atoms g-1 SiO

2
 30 km downstream 

the Neqarot Valley. Although these samples represent the active channel and therefore are 

supposedly “ageless”, their isotopic concentrations are equivalent to “simple exposure age” that 

range between 62 ± 7 ka and 29 ± 3 ka. Based on the measured concentration in the present-

day active channel, apparent basin-wide erosion rates can be estimated between 16 ± 2 m/Ma 

and 21 ± 2 m/Ma. 

The observed downstream decrease of the cosmogenic concentration from the outlet of 

Makhtesh Ramon down to the Neqarot Gorge site implies mixing of several sources of sediment 

(Guralnik et al., 2011). The low concentration end-member may originate from excavated 

terraces where the cosmogenic signal either has decayed or has been originally low during its 
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sedimentation. Terrace-wall collapse seems to be a significant contributor of sediment along 

the Neqarot stream, which is supported by the identical concentrations of riverbed sand to 

that of an adjacent terrace (Guralnik et al., 2011).

Fig. 18. Active channel concentrations measured downstream the Neqarot Gorge.
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