




















 
 
 

 
Mr. Tim Badman 
Head – World Heritage Programme 
IUCN 
Rue Mauverney 28 
1196 Gland 
Switzerland  

 
Reference: 
Date: 
 
 
Subject: IUCN evaluation of “the Wadi Rum Protected Area” (Jordan) – Request for supplementary 
information   
 
Dear Mr. Badman 
 
In reference to IUCN’s letter dated January 4th 2011 in regard to the request for supplementary 
information on “the Wadi Rum Protected Area” World Heritage Nomination file, kindly find herewith 
our response to your letter along with the requested supplementary information: 
 

1. Geological Information Supporting Criterion viii: 
 

The following supplementary information is attached in four separate additional notes as follows: 
 

- Note on the protected area geology and its associated comparative analysis. 
- Note on the protected area landscape evolution.  
- Note on the landscape and human occupation 
- Note on the activity of climbing and its relevance to the landscape. 

 
2. Boundary and Buffer Zone: 

 
The boundary of the nominated areas has been re-adjusted to include the full size of the protected 
areas as defined in the Wadi Rum protected area by-law and without the exclusion of the land strip form 
the visitor centre to Rum village. Attached herewith is the final map of the proposed nominated 
property with the respective surface areas of the different management zones within the PA proper and 
the buffer zone. 
 
As for the protected area buffer zone, a special review of the Wadi Rum Protected Area bylaw and 
associated regulations and bylaws relevant is currently underway. The review will include a set of new 
and amended regulations and articles which will govern the land use planning and management of the 
buffer zone around the protected area proper to ensure the enhanced control and the minimal impacts 
of the development activities currently taking place or planned for the future. The first technical draft of 
the review is currently being submitted for legal review by the Aqaba Special Economic Zone Authority 
and is expected to be finalized and legally endorsed by the end of June 2011. 



 
3. Management Planning 

     
The process of the development of the new updated management plan is underway. A special national 
team of experts supported by a team of international experts are putting together the new 
management plan for the protected area in light of its natural and cultural values using the guidelines 
and best practices adopted by UNESCO, IUCN and ICOMOS. 
 
The full draft of the new management plan and its associated tourism development and visitor 
management plans are expected to be finalized and endorsed by the government of Jordan by the end 
of March 2011. The management plan will include a specific conservation plan for both the natural and 
cultural heritage of the area. The management plan will be part of the business planning process of the 
Aqaba Special Economic Zone Authority and will be integral to its annual budgetary allocation. To ensure 
this, a special business plan of the area will be developed as part of the management planning process. 
 
The business plan will include the breakdown of expected management costs and income generated 
through the various activities including site visitation. Covering the costs of the implementation of the 
management will be primarily the responsibility of the Aqaba Special Economic Zone Authority 
supported by its national and international partners and donors agencies. The following table 
summarizes the adopted action plan in regard to the management plan preparation process. 
 
No  Action  Deadline 
1 Develop the first draft of the core technical reports on the management of 

natural heritage, cultural heritage and the visitors management 
March 15th 2011 

2 Develop the first draft of the consolidated management plan 2012 – 2016 April 1st 2011 
3 Undertake stakeholders’ consultation on the draft plan May 1st 2011 
4 Prepare and submit the final draft of the management plan to ASEZA  June 1st 2011 
5 Endorse the final management plan by the Wadi Rum management committee 

and ASEZA   
June 30th 2011 

 
We hope that you find these supplementary information in line with your request, please do not 
hesitate to contact us is more information or clarification is needed. 
 
Allow us again to thanks your esteemed organization for your valuable support and cooperation on 
safeguarding our region’s and the world’s natural and cultural heritage. We look forward to meet you in 
Bahrain. 
 
Sincerely yours,  
 
Dr. Taher Al Shakhshir 
 
Minister of Environment  
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Wadi Rum Protected Area Geology – Additional Note 
 

1. Lithology of the sandstone sequence in Wadi Rum area 
 
The rocks within Wadi Rum Protected Area consist of two main types: granitoids of the 
Precambrian and sandstones of the Early Paleozoic. These are separated by a peneplain 
representing a prolonged unconformity between the two types. 
 
1.1. Precambrian Basement 
 
The Precambrian basement, in Wadi Rum Protected Area (WRP) consists predominantly of 
plutonic igneous rocks of the larger granite family; e.g. including granite, granodiorite, quartz 
monzonite…etc. The basement is subdivided into two complexes: the older Aqaba Complex 
(630-600 Ma) and a younger Araba Complex (600-540 Ma). The Aqaba Complex has a 
calcalkaline composition while the Araba Complex is alkali to peralkali in nature. Due to their 
mineralogy, granitoids are colorful, red – grey, especially in the NW of the WRP.   
 
1.2. Early Paleozoic Sandstone Sequence 
 
The granitoid basement is overlain with a clastic sedimentary regime in excess of 1500 m in 
thickness. The sequence was named the “Nubian Sandstones” by early workers (e.g. Hull, 1886; 
Blankenhorn, 1914. The clastic regime is now subdivided into two groups (Powell, 1989):  

1. Upper or Khreim Group-Ordovician - Early Silurian, is not represented in the WRP, and 
thus is not discussed further. 

2. Lower or Rum Group-Cambrian - Early Ordovician is completely confined to Wadi Rum 
Protected Area. It is around 1000 m thick and consists of four formations from younger to 
older:  
 Umm Sahm Formation, Lower Ordovician 
 Disi Formation, Lower Ordovician 
 Umm Ishrin Formation, Middle-Upper Cambrian 
 Salab formation, Lower Cambrian 

Following is a brief description of the lithology of the four formations. 
 
1.2.1 Salab Formation  
 
The Salab Formation, after Gaa Umm Salab (Gaa, Arabic for inland mud-silt flat), is Lower 
Cambrian in age, 40-50 m thick, and was deposited by braided rivers flowing northwards into the 
Tethys Ocean. It forms the base of the Rum Group overlying the peneplain of the Precambrian 
Basement 
 
It consists of redish, yellow, brown, and white pebbly sandstones to sandy conglomerates. The 
basal part consists of localized, well-rounded, quartz conglomerates filling the low reliefs of the 
peneplain of the topmost Precambrian basement. The roundness and the absence of granitoid 
pebbles derived from the underlying basement indicate a prolonged erosion and a long distance 
source for the basal conglomerates (Powell, 1989). The rest of the formation consists of two 
alternating facies: pebbly, coarse-grained sandstone facies and fine-grained, micaceous sandstone 
facies. The latter predominates towards the upper part of the formation. The sandstones are 
arkosic near the base becoming sub arkosic further up. Towards the top of the formation, fine-
grained, micaceous sandstones with Skolithos burrows can be seen (Amireh et al., 1994). Fig. 1 is 
a columnar section of the formation near Qaa’ Salab at the NW of the WRP. 
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The bedforms as well as the lithology produce a step-like, well-bedded weathering morphology. 
Trough cross-bedding with lag pebbles and graded forests dominates the bedforms. Trough cross-
beds are some times overturned or convoluted. Planar to ripple cross laminations are present in 
the fine micaceous sandstones towards the top of the formation. Various types of cross bedding 
show a unidirectional paleocurrent generally to the north. 
  
1.2.2 Umm Ishrin Formation  
 
The name is after the type locality, Jabal Umm Ishrin and Gaa’ Umm Ishrin in the northeastern 
part of the WRP (Abd Elhamid, 1988)). The WRP displays the best outcrops of Umm Ishrin 
Formation. Here, it is massive with red, brown, violet and pink weathering colours. High vertical 
cliff with long vertical joints are characteristic. The ancient Petra city was carved in the Umm 
Ishrin Formation. The age of Umm Ishrin Formation ranges from Middle to Late Cambrian 
(Bender, 1974; Powell, 1989). 
 
The thickness of the Umm Ishrin Formation, within the WRP, is around 320m. The formation is 
made of medium to coarse-grained quartz arenite sandstones, is medium cemented by quartz 
overgrowth and/or calcite stained with hematite. Quartz grains are sub rounded and well sorted. It 
has no beds of quartz pebbles or conglomeratic beds. However, pebbles can be seen at the base of 
the trough cross bedding and channels. Minor, thin beds of red siltstones are also present.   
 
Lensoidal bedding, after channel fill, is the main type of bedding in this formation. Lenses are 
massive and vary in thickness from 1m to several metres and can be several hundred metres in 
length (Selley, 1972; Bender, 1974). They are characteristic of the formation. Trough cross beds 
are the main primary sedimentary structures within these lenses. These troughs are sometimes 
overturned or convoluted especially in the lower part of the formation. The paleocurrent 
direction, taken from cross-bedding, is generally to the north (Powell, 1989). Fig. 1 shows a 
columnar section near the type section within the WRP. 
 
The depositional environment of the Umm Ishrin Formation is essentially of fluvial braided river 
environment in a humid climate (Selley, 1972; Amireh et al., 1994). Evidence for this 
interpretation are the lack of fossils in the formation, unidirectional paleocurrent, and medium to 
large scale trough cross-bedding, some times overturned,  with pebbles at trough base. The 
mineralogical maturity and sorting may indicate a provenance situated to the south of Jordan. 
 
1.2.3 Disi Formation 
 
The name is after Gaa’ Disi at the northeastern part of the WRP where the type section of the 
formation is measured. It is Early Ordovician, Arenig, in age, 300-350 m thick of a rather soft and 
the least cemented quartz arenite in the sandstone sequence (Fig. 1). Disi consists of white sand 
that came from a different source than that of the red sand below, and is washed out of colour due 
to prevailing different climates at that time.  Silica (SiO2), as quartz, can reach up to 99% at 
certain horizons of the formation. That is why it is used as glass sand in some outcrops further 
north of the WRP. The sparse cement types are quartz overgrowth, dickite/kaolinite, and some 
calcite.  
 
The upper end of this layer contains some trace-fossils called Cruziana, which were created by an 
extinct marine animal called trilobite.  These fossils tell us that when the highest summits were 
deposited, Wadi Rum was covered by shallow waters of the Tethys Ocean. 
 
Weathering colour is white to grey-white, but in fresh sample it is normally snow white. The 
formation consists of medium to coarse-grained quartz arenite which is slightly cemented. Well-
rounded quartz pebbles, up to few centimeters, are present at the base of the trough cross beds 
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and scattered throughout the formation. Two siltstone-shale horizons up to 4 m thick with 
Cruziana traces are present in the upper part of the formation, indicating a marine transgression 
within the dominantly braided river sedimentary environment.. 
 
Lensoidal bedding after large scale trough cross-bedding and channels dominates the bedforms in 
this formation. Lenses can be several metres thick and several hundreds metres in length. Upon 
weathering, these lenses produce a typical domal appearance characteristic of the Disi Formation. 
However, tabular cross bedding is also present. Parallel bedding is present in the two siltstone-
shale horizons in the upper part of the formation. Paleocurrent direction is essentially towards the 
north. 
 
 “The grain size, lithological maturity, bedforms and unimodal paleocurrent flow suggest that the 
Disi Formation was deposited predominantly as large scale subaqueous dunes in high velocity, 
high discharge braided rivers, similar to those of the underlying Umm Ishrin Formation” (Powell, 
1989).The well-rounded quartz pebble and the mineralogical maturity indicate distant 
provenance. The change in colour from red-brown for the underlying Umm Ishrin to the snow 
white Disi Formation might due to change in provenance and /or change in climate to a wetter 
climate (Selley, 1972; Powell, 1989; Amireh, et al., 1994). 
 
1.2.4 Umm Sahm Formation 
 
This is the uppermost formation in the Rum Group. Only the lower part of the formation crops 
out within the WRP. Its name is taken after Jabal Umm Sahm at the extreme SE of the WRP. It is 
Early Ordovician, Arenig, in age, 230-250 m thick, and is distinguished by its dark brown 
weathering colour, parallel bedding, steep cliffs and relatively more indurated silica sandstones.  
 
Lithologically, Umm Sahm Formation consists of brown weathered, grey-brownish, medium to 
coarse grained, well-cemented and indurated quartz arenites (Fig. 1). Although the formation is 
characterized by parallel bedding, “Three types of bedforms or lithofacies can be recognized in 
this formation: a) Trough cross bedded granule-rich medium to coarse-grained sandstone with 
occasional overturned forests in tabular sets. This lithofacies is similar to the Disi Formation 
below. b) Plannar cross bedded medium to coarse grained sandstone in thin 10-30 cm sets. This 
lithofacies is typical for Umm Sahm Formation. c) Heterogenous, trace fossil-rich, 0.5-8 m thick, 
green, red, grey, rippled and rippled cross laminated or plannar cross laminated, is represented in 
3 to 4 horizons in the formation. Various types of ripples are present. Trace fossils are abundant 
in this lithofacies; e.g. Cruziana sp., Harlania sp. and Skolithos (Sabellarefix)” (Powell, 1989).  
 
The Disi-like lithofacies are abundant in the lower part of the formation and alternate with the 
typical Umm Sahm type lithofacies, indicating a gradual change in the depositional environments 
from fluvial to shallow marine. The trace fossil horizons are present within the middle and upper 
part of the formation.   
 
The trace fossils mentioned above indicate deposition in a shallow marine, possibly tidal 
environment. It seems that the environment represents a braided fluvial stream environment 
passed offshore to tidal dominated migrating unidirectional dunes and sand waves. Waning 
currents in a relatively higher sea level stand led to the deposition of the trace fossil horizons. 
 
1.3 Comparison 
 
The WRP exhibits the best exposures of this, 1000 m, sandstone sequence in Jordan and the 
nearby countries. The sequence is not exposed throughout the eastern Mediterranean countries; 
e.g. Syria, Lebanon, Palestine, Sinai, Iraq and NE Arabia. However, it crosses the southern 
boundaries of Jordan and into Saudi Arabia. Outcrops of the same sandstone regime can be seen 
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in NW Arabia southwards till Mada’en Saleh. Here, the sandstone sequence is much thinner and 
less complete. The exposures are deteriorated, possibly due to a lower cement/ grain ratio and 
consequently more erosional severity. 
 
Another sandstone sequence of similar age; i.e. lower Paleozoic, can be seen in west central 
Oman, the Huqf Group. Again, the sequence here has been reduced to low lying hills, possibly 
due the severity of erosion and the roots of the pre existing sequence are now present. The 
exposures are not comparable to the majestic Wadi Rum area exposures. 
 
Furthermore, the same sequence of sandstone, with similar age, crops partially is SW Egypt 
through southern Libya and Algeria. Again, in no one place of the North African Sahara, the 
whole sequence with its full magnitude can be seen exposed. In many parts of these countries, it 
is present in the deep subsurface or it has been eroded to provide the sands of the Sahara; e.g. 
north of the Auwainat in SW Egypt where these sandstones decrease in thickness until they 
disappear completely due to strong wind erosion of the Sahara.     
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Fig. 1: Columnar section of the four formations making the sandstone sequence in Wadi Rum area. From 
left: Salab, Umm Ishrin, Disi, and Umm Saham Formations. 
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2. Structural Geology 
 

It could be said with confidence that the present-day configuration of the Wadi Ram area is the 
manifestation of tectonics, especially faulting. Most of the wadis in the Ram area are oriented N-
S after faults, while the while the continuous appearance of younger strata in SE direction is due 
to Tertiary tilting and uplift. No folding is seen in the Wadi Rum area. Following is a brief 
discussion of the tectonic elements in the WRP from older to younger. 
 
2.1 Late Neoproterozoic uplift and erosion 
 
After the culmination of the emplacement of the plutonic and volcanic rocks of the late 
Neoproterozoic at around 550-540 Ma, these rocks were uplifted possibly partly by the Najd 
Fault system.  Strong and prolonged erosion led to the removal of a good part of the Precambrian 
basement to the degree that the top basement became peneplained. The peneplain surface marks 
the contact between the Precambrian basement and the Early Paleozoic sandstone sequence 
discussed above. Eroded material were deposited in intermontane basins further north producing 
thick sandstone sequence up to 2000m designated as Infacambrian in age. This sandstone 
sequence underlies the Early Paleozoic sequence in certain basins further north in Jordan, the 
Negev and Syria.  
 
2.2 The Hercynian Orogeny 
 
At around the middle Carboniferous, the whole Eastern Mediterranean was uplifted to form a 
broad geanticline with its apex being in north Sinai – Gaza and two basins: one to the SE in 
Tabuk area in northern Saudi Arabia and the other to the NE in northeastern Syria (Andrews, 
1991). Erosion was severest at the geanticline apex were all pre Carboniferous Paleozoic strata 
were eroded. More and more Paleozoic strata were preserved in the SE direction, all pre 
Carboniferous deposits, Cambrian-Devonian, were preserved in the Tabuk Basin.  
 
2.3 Tertiary Uplift 
 
Since the end of Eocene, some 35 Ma ago, the interior Eastern Mediterranean including all 
Jordan, has been subject to an uplift process associated with preparations for the formation and 
opening of the Dead Sea Transform (DST). The resultant was the continuous uplift of the area 
and consequently the migration of the Tethys Ocean to approximately the present-day 
Mediterranean. Complete closure of the Tethys took place sometimes around the Middle 
Miocene, 15-17 Ma which is also the timing for the opening of the Gulf of Aden, the Red Sea and 
the DST. Since then, mountains on both sides of the DST have been rising and the floor of the 
DST subsiding. Both processes uplift and subsidence are still ongoing. Tertiary uplift has raised 
the WRP area and exposed it to the processes of weathering, erosion and denudation. The 
tectonics associated with the formation of the Dead Sea Transform, because of the northwards 
movement of the Arabian Plate, has led to various types of faulting seen in the WRP area. Both 
processes, uplift (and tectonics) and erosion, are ongoing and shaping the Wadi Rum area. 
 
Rate of uplift is not the same throughout the western mountain chain in Jordan. It is certainly 
higher in south Jordan; i.e. the WRP, compared with north Jordan. Approximate rate of uplift in 
the WRP is around 60 m/1Ma, while it is half that number in the mountains near the capital 
Amman. This is possibly why erosion is cutting deeper in the south compared with north Jordan. 
South Jordan, including the WRP, has the highest mountains in the country. 
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Furthermore, the western mountain chain has been uplifted more rapidly compared with the E, SE 
and NE parts of the country; i.e. western Jordan (the mountain chain) is much higher than the 
Jordanian plateau in east. That is why younger strata are generally present further east. As a 
result, rate of Tertiary uplift increases both southwards and westwards. This conclusion is also 
true and apply to the whole length of the Red Sea-DST part of the Syrian-East African Rift 
system; e.g. mountains in NW Yemen are in excess of 3500 m compared with the low lying Rub 
Al-Khali desert further east. 
 
Within the WRP and adjacent area, mountains are in excess of 1800 m while further southeast the 
plateau is around 900m. Due to this tilting, the top of the Precambrian basement is dipping 
towards the SE. That is why younger strata are cropping out down dip. The Precambrian 
basement is cropping out in the western parts of the WRP while at its eastern part the lower 
Ordovician Umm Sahm Formation can be seen.  
 
2.4 Faulting 
 
The faults in the WRP area and its surroundings can be divided into two groups  

 Older or the NW-SE trending faults 
 Younger or the N-S trending faults. 

The geological map of the WRP is attached to show the various trends of the faults. The same 
map was part of the original report of nomination. 
 
2.4.1 Northwest-southeast trending faults 
 
Within the WRP and adjacent area, The NW fault trend is represented by a fault zone locally 
called the Guwaira-Midawwara Fault zone. This fault zone marks the northern boundary of the 
WRP. It starts in the NW from the northwestern corner of the WRP and runs in an SE direction 
for more than 100 km and then into the northern Saudi Arabia. It is not a single fault line but a 
fault zone more than 1 km wide at certain places. Faults of this trend are rather conspicuous along 
the northern side of the paved road just north of the WRP. In this vicinity, the down thrown 
blocks are to the left of the traveler to Wadi Rum. Thus, it is no difficult to see the red sandstones 
of Umm Ishrin Formation of the Middle Cambrian against the Precambrian basement; a down 
throw of more than 100 m. 
 
The NW-SE fault system is tensional in nature. Consequently, the faults in this system are normal 
faults forming grabens and horsts along the fault zone length. Basalt dykes are characteristic of 
this fault trend. One of these dykes is present some 3 km north oft the WRP cutting through the 
Umm Ishrin Formation. An other occurrence of such dykes is to be found in Sahl Es Suwwan 
further southeast cutting through the Middle Ordovician Dubaydeb Formation. In another NW 
trending fault zone in the Dead Sea area, the Karak-Feiha Fault zone, the basalt was dated at 19-
20 Ma, that is early Miocene. The Guwaira-Midawwara Fault was given a similar age. This type 
of faults seems to be contemporaneous with the formation of the DST. 
 
2.4.2 North-south trending faults 
 
The N-S fault trend is by far more abundant compared with the NW-SE fault trend. IT dominates 
the WRP and has major influence on the physiography and geomorphology of the Rum area. 
Almost all major wadis, within the WRP, are running N-S, and most probably originated some 
times in the past along the weak zones of this fault trend; e.g. Wadi Rum, Wadi Rouman, Wadi 
Marsad… etc.  
 
The fault group is parallel to that of the Dead Sea Transform fault (DST) running along the 
eastern Wadi Araba further west. The DST is a plate boundary separating the Arabian Plate to 



 8 

east from the Sinai-Palestine microplate to the west. It formed during the Middle Miocene at 
around 15-17 Ma. It is a sinistral (left-lateral) strike slip where Jordan is moving north relative to 
Palestine with an annual rate around 5 mm/year. The total northward movement of Jordan since 
the formation of the DST is 107 km. The DST is typical of transforms making plate boundaries 
with earthquakes, pull-apart basins like the Dead Sea, pressure ridges, sage ponds, flower 
structures and the like. All that said about the DST, none of the N-S trending faults within the 
WRP has been reported of having a strike slip component except possibly the Guwaira fault.  
 
The Guwaira Fault marks the western boundary of the WRP. It runs for more than 150 km within 
Jordan and continues into northern Saudi Arabia. Some 40 km left lateral movement has been 
reported on this fault. 
 
However, the N-S faults are tensional faults or normal faults. The down thrown block is always to 
the E/SE. In each and every wadi; e.g. Wadi Rumman just west of Wadi Rum, the Paleozoic 
sandstones crop out at the western side of the wadi, while at the eastern side of the wadi the 
Precambrian granites are few tens of metres above the ground surface. This fault arrangement has 
produced tilted blocks between wadis with dip of the basement peneplain top being to the E/SE. 
That is why small springs are all the time found along the western sides of the wadis; e.g. Wadi 
Rum.  
 
2.4.3 Other fault trends 
 
There are minor faults trending E-W and NE-SW within the WRP area. However, they are of 
much less importance compared with the previous two trends. 
 
Fig. 2 is the geological map of the WRP, reproduced here, to show the various types of fault 
trends. The NW-SE trend is not shown on the map because it is hust north of the WRP. 
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Fig. 2 Geological map of the WRP. 
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3. Paleoclimate 
 

Paleoclimatic research in Jordan is rather limited and sporadic. Following is an overview of the 
paleoclimate works carried out in Jordan on sediments of the late Pleistocene in the various parts 
of the country. See a location map of the sites below. 
 
Abboud (2000) reported a humid period at the Holocene Optimum 10-6 Ka in Wadi Muqat 
forming a small lake, Burgu’ Lake (Fig. 3), followed by dry conditions after 5 Ka. Jericho, just 
to the NW of the Dead Sea, first appeared as a village in the Jordan Valley at around 8 ka or 
slightly earlier during the wetter Holocene Optimum (Kenyon, 1979; Neev and Emery, 1995). 
The wet conditions might be the reason behind the establishment of such agricultural village. 
 
Huckriede and Wiesemann (1968) described a 1000-1800 km2 fresh water lake in the Jafr basin in 
southern Jordan at 27-25 Ka, the Jafr Lake. They contend that this lake disappeared completely 
during the Last Glacial Maximum (LGM) at around 18 Ka. The Jafr Basin is around 100 km to 
the NE of the Wadi Rum Area. At present–day climate, the Jafr area receives < 50 mm/year of 
rain annually. The area is thus extremely arid and intensive and prolonged wet climate must have 
prevailed during the period of the Jafr Lake in order to produce and sustain such a large lake. It is 
reasonable to conclude also that all southern Jordan was wet during this period including the 
WRP, and such wet climate had affected the formation of wide wadis in the WRP like Wadi 
Rum. 
 
Abboud (2000) also recorded one humid interval at 25 ka producing the Burgu’ Lake and one 
dry interval at 21-15 ka in Wadi Muqat Basin in the extreme NE of the country where the Burgu’ 
Lake disappeared.  
 
Furthermore, Abed and Yaghan (2000) demonstrated the shrinkage of the large Lisan Lake in the 
Jordan Valley-Dead Sea to a sabkha during the Last Glacial Maximum (LGM). The Lisan Lake 
was 220 km long, 16-20 km wide and possibly 180 m deep occupying the Jordan Valley-Dead 
Sea Basin up till 22 Ka ago where it started shrinking. It shrinked into a sabkha and then 
disappeared completely between 22-16 Ka; i.e. during the coldest period of the last Glacial 
Maximum (LGM)  A fresh water body, Lake Damya reoccupied the Jordan Valley around 14-12 
ka (Abed, 1985) and disappeared during the colder period, the Youger Drayas at around 12=11 
Ka.  
 
The above three works on the Jafr Lake, Burgu’ Lake, and Lisan Lake showed that the whole of 
the country was wet and warm around 25 Ka with much higher precipitation than present day, 
then became much drier and colder around the LGM at 18Ka. 
 
A Cardium fresh to brackish lake, the Mudawwara Lake, was recorded in the Mudawwara area 
at around 135 ka (Marine Isotope Stages (MIS)–5a-e (Petit-Maire et.al, 2002; Yasin, 2001; Abed 
et.al., 2000) ; i.e. Eemian stage. The Mudawwara Lake is around 80 km SE of the WRP area. Its 
area is postulated to have been 1200 km2 12 m deep at the Jordan-Saudi Arabia borders. The area 
is extremely dry and receives < 50 mm of rain annually. The Marine Isotope Stage (MIS) 5 was a 
warm and humid period. Precipitation must have been many time higher than present day 
precipitation to produce and sustain such a large fresh water lake in such arid area. The 
Mudawwara Lake is not far away from the WRP area, around 80 km (Fig. 3). Consequently, it is 
reasonable to say that the WRP had received intensive rain fall during the MIS5 some 135 Ka 
ago. Weathering and erosion by running water can be postulated to have formulated present-day 
wadis, like Wadi Rum, along the weak N-S fault planes discussed above. 
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Two Cardium horizons at the topmost Azraq formation in the eastern desert of Jordan are dated 
by the U/Th method at 331 ka and are assigned to interglacial to the warm and wet MIS 9. Fossil 
content, distribution and types as well as mineralogy indicate the presence of a single lake or 
possibly several smaller lakes of varying salinities from fresh to brackish occupying an area 
around 50 km wide and roughly 1300 km2 within the Azraq Basin (Azraq-Umari area). At 
present, the area receives an average precipitation ranging 60-100 mm, and it is rather arid. 
Consequently, present-day Mediterranean rain cannot support the presence of lakes in such an 
arid environment. More intense Mediterranean cyclones during the warmer MIS 9 period might 
have carried more precipitable water than today. Because the study area is far from the 
Mediterranean, intensified Arabian monsoons or even Arabian-Indian monsoons may have 
penetrated further north and produced summer rain in the study area during the warmer MIS 9.   
 
Turner and Makhlouf (2005) investigated a 652 ± 47 ka, 15 m thick friable sandstone horizon 
with abundant plant roots, beta calcrete and gypcrete from the Azraq Formation at the southern 
periphery of the Azraq Basin. They concluded that this sandstone correlates with MIS 17 at 659 
ka, which was a wetter/warmer period.  
  
The previous works, despite the fact that they are limited in number and far apart, indicate clearly 
a warmer/wetter climate, at least in parts of Jordan, during the late Pleistocene. More lakes were 
formed during the wetter/warmer times compared with the dry/cooler climates. This view is in 
general agreement with the interpreted paleoclimate of the North African Sahara (COHMAP, 
1988; Yan and Petit-Maire, 1994; Gasse, 2000; Larrosoana, et al., 2003), Arabia (McClure, 1976; 
Al-Sayari and Zotl, 1978; Fleitmann et al., 2003) and SE Asia (Zhuo et al. 1998). There is ample 
research work in the North African Sahara indicating that the Sahara retreated more than 1000 km 
northwards to latitude 29-30o producing a green savana in southern Libya, Algeria and nearby 
countries during the wet/warm Holocene Optimum 9.5-6 Ka ago. Similarly, Arabia was wetter 
during the Holocene Optimum and MIS5 up to latitude 27o; i.e. just south of southern Jordan.  
 
Recall that the Mudawwara Lake was at 29o north. These wet/warm climates are interpreted to be 
due to the intensification of the monsoon rain during the warmer climate and where able to reach 
further north than present day monsoon rain.  
 
Most probably, it was during these wet climates; e.g. Eemian and Holocene Optimum, that the 
wide wadis within the WRP were formulated via the erosion by running water. Also, long narrow 
canyons within the WRP, should have been produced by similar process. Present day climate 
cannot support the formation of such erosional features. It could also be added that the abundant 
groundwater, just east and SE of the WRP, had most probably accumulated during these wet 
periods.  
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 Fig. 3 Location map for paleolakes in Jordan during the late Pleistocene. 
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Wadi Rum Protected Area 
Note on the General Models for Long-Term Landscape Evolution 

 

 

 
Ancient land surface, model 1, c.600my.   
 
Intrusion of granite pluton into ancient 
basement rocks. 
 

 

 

 
Ancient land surface, model 2.   
 
Erosion over millions of years to expose 
granite. 
 

 

 

 
 
Ancient land surface, model 3.   
 
Deposition of Wadi Rum sandstones 
covering ancient land surface (model 2). 
 

 

 

 
Uplift beginning 20-3 million years ago. 
 
Incision of drainage along structural 
lines/faults within sandstones. 
 

 

 

 
Continued uplift. 
 
Continued incision creating and isolating 
blocks (massifs), their shape and location 
dictated to be rectangular system of 
joints/faults in the sandstone. 
 

 

 
 
Uplift slows/ceases, only limited drainage 
incision linked to stable base level. 
 
Lateral erosion dominates, leaving low 
angle valley floors below near vertical 
cliffs. 
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Uplift slow/ceased, very limited incision. 
 
Cliff retreat continues, widens valleys, 
where retreating cliffs meet, massifs are 
reduced to isolated inselbergs. 
 

 
 
 
 
 
 

 
Following are explanations for differences in slopes, the existence of the characteristic forms, 
and the central role of weathering.   
 
Model for the Evolution of Characteristic Slope Assemblages in Wadi Rum 
 
The iconic landscape in Wadi Rum is one of steep-to-vertical sandstone cliffs separated by a 
sharp angle (break of slope) from low angle slopes.  The slopes are mantled with a thin veneer 
of fine debris, and lead down gently to ephemeral stream channels.  Commonly, these low 
angle, valley-floor slopes are covered by shallow deposits of blown sand.  This sand can 
accumulate locally against the cliffs as 'climbing dunes'.  
 
There are places in Wadi Rum where the cliffs are partially masked by accumulations of 
coarse debris from earlier cliff collapse.  Indications are, however, that these accumulations 
do not persist for long in the context of overall cliff retreat, and breakdown into sand that can 
either be blown away or washed over the gentle, valley floor slopes.   
 
In some locations, debris persists, and in these situations, the gradual accumulation of debris 
'consumes' the cliff by burying it and effectively halts cliff retreat and landscape development.  
Crucial, therefore, to the creations of the iconic cliff/valley floor landscape, is the 
maintenance of the sharp break of slope between the two elements.  This requires a 
combination of two factors: the concentrations of weathering and erosion at the base of the 
cliffs; and the relatively rapid removal of collapsed debris – most probably linked to a rapid 
reduction to sand-sized and finer material that can be either blown away, or require only a 
low-angle slope to allow it to be washed away by periodic overland flow. 
 
Conditions Associated with Cliff Retreat and Maintenance of Break of Slope between Cliff 
and Valley Floor 
 
Model A 
 
Coincidence of boundary with lithological boundary between granite and overlying 
sandstone. 
 

 

 
Break of slope located at boundary between 
granite and overlying sandstone. 
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Weathering and erosion concentrated at 
boundary, probably linked to seepage of 
water soaking through sandstone and 
encountering less permeable granite. 

 

 
Undermining leads to collapse and retreat of 
cliff and accumulation of slope foot debris. 

 

 
Slope foot debris weathers quickly to sand – 
a characteristic of sandstones and granites - 
fine material removed (washed/blown away) 
and undermining begins again. 

  
Model B 
 
Break of slope located within sandstone formations. 
 

 

 
Break of slope located within sandstone 
above boundary between sandstone and 
underlying granite. 

 

 
Cliff is undermined by a concentration of 
weathering and erosion at the foot of the 
cliff where it intersects the water table, 
which supplies the moisture required for 
weathering.  Forms characteristic caves 
or 'tafoni' formed mainly by salt 
weathering. 

 

 
Cliff sections undermined by weathering 
leaving characteristic arcuate tailing scars 
and accumulations of coarse debris in 
cliff foot zone. 
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Coarse debris breaks down into sand that 
is washed or blown away, allowing cliff-
foot weathering and undermining to re-
commence. 

 
Variants on the General Model of Cliff Retreat 
 
Model C 
 

 

 
Cliffs effectively stabilized and "fossilized" 
by accumulations of blown sand as 
"climbing" dunes. 

 

 
Model D 
 

 
 
Cliffs retreat by undermining at the boundary between cliff and debris slope.  BUT 
accumulated debris is NOT removed (impeded basal removal, possibly linked to slow 
weathering of debris or shelter from erosion processes, e.g. wind).  As the reduced cliff 
continues to retreat, it buries preceding falls with more debris, the cliff gets gradually smaller 
and is replaced by a high angle debris slope of coarse material.  Slope angle is proportionate 
to debris size, the finer the debris, the gentler the slope and vice versa. 
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Model E 
 

 
 
Two sandstones overly each other - the overlying one is weaker and weathers more rapidly, 
and the lower, resistant sandstone retreats leaving a vertical cliff.  BUT, above it, because the 
less-resistant sandstone retreats more rapidly, it creates a convex slope which, over time 
replaces the vertical cliff below, to produce rounded, residual hills. 
 
Model F 
 

 
 
The break of slope is within the underlying granite.  In these cases retreat is controlled by the 
cliff intersecting the water table and this appears to override any structural control. 
 
Because the positioning of the break of slope is controlled so strongly by where it intersects 
the water table (or most likely the capillary fringe above the water table), it is clear that slope 
development will be strongly influenced by any fluctuation in the water table.  Evidence of 
such fluctuations can be found in relict karstic caves within the cliffs above the level of the 
current valley floor.  These once supported considerable flows of water, as evidenced by tufa-
cemented debris below them.  This might also suggest that both cliff retreat and valley floor 
incision may have been more rapid during past periods of greater moisture availability, for 
example, the last climatic optimism. 
 
Typical Fossil Spring-Sapped Cave in Cliff above Present-Day Valley Floor 
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