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FOREWORD 

This volume, "The Geology of the Arabian Peninsula," is a logical consequence of the 
geographic and geologic mapping project· of the Arabian Peninsula, a cooperative venture 
between the Kingdom of Saudi Arabia and the Government of the United States. The Arabian­
American Oil Co. and the U.S. Geological Survey did the fieldwork within the Kingdom of 
Saudi Arabia, and, with the approval of the governments of neighboring countries, a number of 
other oil companies contributed additional mapping to complete the coverage of the whole of 
the Arabian Peninsula. So far as we are aware, this is a unique experiment in geological 
cooperation among several governments, petroleum companies, and individuals. 

The plan for a cooperative mapping project was originally conceived in July 1953 by the 
late William E. Wrather, then Director of the U.S. Geological Survey, the late James Terry 
Duce, then "Vice President of Aramco, and the late E. L. deGolyer. George Wadsworth, then 
U.S. Ambassador to Saudi Arabia, and Sheikh Abdullah Sulaiman, then Minister of Finance 
of the Government of Saudi Arabia, lent their support to the plan. In November of the follow­
ing year, 1954, Director Wrather approved the U.S. Geological Survey's participation and 
designated G. F. Brown responsible for the western Arabian shield region in which he had 
previously worked under U.S. foreign-aid programs. In January 1955 F. A. Davies, Chairman, 
Board of Directors, Arabian-American Oil Co., approved Aramco's participation and appointed 
the late R. A. Bramkamp, chief geologist, respons!ble for compilation of the area within the 
Kingdom where the sediments crop out. This responsibility fell to L. F. Ramirez following 
the death of R. A. Bramkamp in September 1958. 

R. A. Bramkamp and G. F. Brown met in New York in February 1955 and planned the 
program, including scales of maps, areas of respons'ibility, types of terrain representation, 
and bilingual names. Thus there was established a cooperative agreement between the King­
dom of Saudi Arabia, the U.S. Department of State, and the Arabian-American Oil Co. to 
make available the basic areal geology as mapped by Aramco and the U.S. Geological Survey. 

The agreement specified publication o£ a series of 21 inaps on a scale of 1: 500,000, each 
map covering an area 3° of longitude and 4° of latitude. Separate geologic and geographic 
versions we~e to be printed for each of the quadrangles; both versions were to be bilingual-in 
Arabic and English~ A peninsular geologic map· on a scale of 1:2,000,000 was to conclude the 
project. 

High-altitude photography, on a scale of 1: 60,000, of the Kingdom of Saudi Arabia was 
initiated during 1949 by the Aero Service Corp. and completed in 1959 .. Both third-order 
vertical and horizontal control and shoran were utilized in compiling the photography. This 
controlled photography resulted in highly accurate geographic maps at the publication scale 
which then served as a base for the geologic overlay. The topography of the sedimentary 
areas was depicted by hachuring and that of the shield region by shaded relief utilizing the 
airbrush technique. 

The first geographic quadrangle was published in July 1956 and the last in September 
1962. While preparation of the geographic sheets was in progress, a need arose for early 
publication of a 1: 2,000,000-scale peninsular geographic map. Consequently, a preliminary 
edition was compiled and published in both English and Arabic in 1958. The second edition, 
containing additional photography and considerable new topographic and cultural data, was 
published in 1963. The first of the geologic map series was published in July 1956 and the 
final sheet in early 1964. The cooperative map project was completed in October 1963 with 
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IV FOREWORD 

the publication of the 1:2,000,000-scale "Geologic Map of the Arabian Peninsula" (Miscel­
laneous Geologic Investigations Map I-270-A). 

As work on the quadrangles progressed, geologists, companies, and governments working 
in areas adjacent to the Kingdom of Saudi Arabia were consulted by Aramco and invited 
to participate in the mapping project. The number of cooperating participants was expanded 
to 11, which included the operating oil companies in the peninsula and which are identified 
elsewhere in this text; the Overseas Geological Surveys, London; the Government of Jordan; 
F. Geukens, who had worked in Yemen; and Z. R. Beydoun, who had studied the Eastern 
Aden Protectorate. With the close cooperation of the authors~ the new data were added to 
data already plotted on the base map of the Arabian Peninsula. 

As the geological coverage of the peninsular map grew, the need for a text to accompany 
the map became apparent to both the U.S. Geological Survey and the Aramco geologists. 
Exploratory conversations were begun by Aramco with companies working in the other countries 
of the Arabian Peninsula for their participation in the preparation of a monograph on the 
geology of the Arabian Peninsula. Each author prepared a description of the geology of the 
area for which he was responsible, as shown in the sources of geologic compilation diagram 
on the peninsular map. The U.S. Geological Survey undertook the publishing of the volume 
as a professional paper, and the Government of. Saudi Arabia was to finance its printing. 
It was early agreed that there would be no effort to confine the contributions to a standard 
format and that no attempt would be made to work out an overall correlation chart other 
than shown on the "Geologic Map of the Arabian Peninsula." Thus, the individual style 
of authors of several nationalities is preserved. 

Cooperation and relations ·have been of the highest order in all phases of the work. The 
project would not have been possible without the full support of the U.S. Department of State, 
the Kingdom of Saudi Arabia, and all contributors. In fact, the funds which made publi­
cation of this volume possible were contributed by the Saudi Arabian Government. 

The data provided by the maps and in the professional paper provide information for 
an orderly scientific and economic development of a subcontinent. 

w. D. JOHNSTON, JR., 

F01·mer Chief, Foreign Geology Branch, 
U.S. Geological Survey. 

NOTE: 
As stated in the introduction, this report is based essentially 

on geologic data available in 1967 and incorporates stratigraphic 
and structural data resulting from investigations, sponsored by 
the United Nations Food and Agriculture Organization, of 
ground water and mineral resources from 1964 to 1969. Since 
then the Mining Division and the Department of Water Re­
sources Authority in Jordan have undertaken extensive drilling 
and geophysical and geologic exploration programs which have 
yielded additional critical information. These data substantiate 
and refine the interpretation of several potential petroleum­
bearing sedimentary basins, demonstrate large amounts of sev­
eral metallic and nonmetallic mineral resources, and to some 
extent modify the tectonic-stratigraphic framework presented 
here. 

With the new data, M. Malhas (1974, The tectonic and 
stratigraphic framework of Jordan and its implications regard­
ing potential hydrocarbon accumulation: Jordan Nat. Resources 
Authority rept., in press) has synthesized the tectonic-strati­
graphic relationships, documenting the presence of basins rang­
ing from Paleozoic to Tertiary, and described the petroleum 
geology. V. E. Swanson (1974. Recommendations for the .study 

0. A. SEAGER, 

Arabian-Anwrican Oil Co. (Retired). 

and appraisal of oil shale -depositS in ·Jordan: U.S. Geol. ·Survey 
open-file rept.) evaluated the oil shale resources and development 
programs of Jordan and concluded that the inferred reserves 
were very large. Recent work by the Natural Resources 
Authority (1972, The mineral prospects of Jordan: Jordan Nat. 
Resources Authority Mining Div., unpub. rept., 22 p.) indi­
cates "prospective reserves" as large as 10 billion metric tons 
of shale containh1g 1 bbl/metric ton ( p. 20). Y. F. Nimry 
(1973, The copper and manganese prospects of Wadi Araba: 
Jordan Nat. Resources Autharity Rept. on Phase One, 107 p. 
and map) reported on an extensive exploratory program by 
the Mining Division of the Natural Resources Authority; large 
resources of copper and manganese have been identified in the 
vicinity of Fayniin on the east side of Wadi al 'Arabah. Other 
studies by the Mining Division indicate large resources of sev­
eral nonmetallic minerals. More recent information on the 
availability of phosphate, glass sand, clay, tripoli, gypsum, 
ceramic and construction materials, and saline deposits are also 
available from the Natural Resources Authority (1972). 

Project reports on investigations of these resources are on 
file in the Jordan Natural Resources Authority, Amman. 
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GEOLOGY OF THE ARABIAN PENINSULA 

JORDAN 

By FRIEDRICH BENDER 1 

ABSTRACT 

The Hashemite Kingdom of Jordan covers an area of ap­
proximately 96,500 km2 in the northwestern part of the 
Arabian Peninsula. 

In southwestern Jordan, part of the Nubo-Arabian Shield 
is exposed. It is characterized by Precambrian plutonic and 
metamorphic rocks, and by some minor occurrences of upper 
Proterozoic sedimentary rocks. Cambrian, Ordovician, and 
Silurian sandstone and shale of continental and marine ori­
gin have a maximum thickness of 1,800 m and unconform­
ably overlie the rocks of the Precambrian basement complex. 

A belt of sedimentary rocks deposited chiefly on the stable 
shelf area of the Tethys Sea borders the northern fringe of 
the shield. Most of southeastern and central Jordan is within 
this belt. It is a zone of interfingering sedimentary rocks of 
continental, littoral, and neritic origin, rapid lateral facies 
changes, and many stratigraphic unconformities caused by 
pulsation and, at certain periods, transgression and regres­
sion of the Tethys Sea. Regionally, the marine influence on 
the deposition increases toward the north and west. The total 
thickness of all post-Proterozoic sedimentary rocks is 
2,000-3,000 m; it exceeds 4,000 m in the bay like sedimentary 
basin of AI Jafr in south-central Jordan, and 5,000 m in the 
AI Azraq-Wadi as Sirl)an Basin in north-central Jordan. 
These basins strike northwest and thus seem to merge with 
the unstable shelf area of the Tethys Sea in the northwest. 

In the transition zone to, and in the area of, the unstable 
shelf in northwestern, northern, and probably northeastern 
Jordan, neritic and bathyal sedimentary rocks form the ma­
jor part of the post-Paleozoic rocks. Here, the stratigraphic 
sequence is more complete, unconformities are fewer, and 
lateral facies changes are less pronounced than in the stable 
shelf area to the south and southeast. In northwestern J or­
dan, west of the Jordan River, the total thickness of sedi­
mentary rocks above the Precambrian basement may be as 
much as 7,000 m; in the Dead Sea area of the Wadi al 
'Arabah-Jordan Rift province, repeated structural subsidence 
resulted in the accumulation of sedimentary rocks as much 
as 10,000 m thick. 

No evidence is known of post-Proterozoic structural move­
ments characteristic of alpine orogenesis. The crustal move­
ments affecting the country since the Cambrian were gentle 
regional tiltings (epeirogenic movements) and a combination 
of faulting, block folding, and taphrogenic movements. The 

1 Geoloirical Survey of the Federal Republic of Germany. 

majority of structural features were caused by tensional 
forces. Evidence of compression is rare and chiefly restricted 
to west Jordan and to north Jordan east of the Rift. 

Major volcanic activity occurred during the late Protero­
zoic and Early Cambrian (quartz porphyries, Wadi al 'Ara­
bah), during the Late Jurassic ( ?) and Neocomian (mafic 
and intermediate eruptive rocks, Wadi al 'Arabah and west 
of the Jordan River), and during the Neogene (includes 
Miocene and Pliocene as used in this report) and Pleistocene 
(extensive basalt volcanism). 

INTRODUCTION 

SCOPE OF CONTRIBUTION 

This report describes the geology of that part of 
the northwestern Arabian Peninsula, the Hashemite 
Kingdom of Jordan, which was mapped by a geologi­
cal mission of the Geological. Survey of the Federal 
Republic of Germany, 1961-67. The mapping was 
done at scales of 1: 25,000, 1: 60,000, and 1: 100,000 
and later compiled at a scale of 1:250,000 (Bender 
and others, 1968). This map differs in certain areas 
from Quennell's (1966) geologic map of Jordan 
east of the Wadi al 'Arabah-J ordan Rift, which 
covers approximately the western half of Jordan, 
and which was incorporated in the 1: 2,000,000-scale 
geologic map of the Arabian Peninsula (U.S. Geo­
logical survey and Arabian-American Oil Company, 
1963). 

The geographic names in this report conform to 
the Jordan Gazettee,r of 1971, which lists names ap­
proved by the U.S. Board on Geographic Names; 
however, for several names the more popular spell­
ing is given in parentheses both in the report and 
on plate 1. 

PREVIOUS WORK 

The literature dealing with the geology of Jordan 
is surprisingly extensive. It has been recently com­
piled, and an account of the history of geological 

11 
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research has been given by Bender (1968a). There­
fore, only some significant publications are cited 
herein. 

Seetzen (1810) gave one of the first accounts of 
a geographic reconnaissance survey: he lost his life 
on his last expedition (Kruse, 1854-55). In 1837, 
von Schubert and Roth discovered that the Dead 
Sea level is considerably lower than the level of 
the Mediterranean (Hull, 1886, p. 12). Berton 
(1839) is reputed to have been the first traveller 
to travel the length of the Wadi al 'Arabah from 
the Dead Sea to the Gulf of Aqaba. Russegger 
(1847) made several expeditions to the "Holy Land" 
and published a "geognostic" map of Arabia Pe­
traea. Under the leadership of U.S. Navy Lt. Lynch 
(1852), a survey was undertaken to explore the 
Dead Sea and the River Jordan. Later, Ritter 
(1848-55), vom Rath (1881), Fraas (1867a, b), 
Milne (1875), and Lartet (1876) discussed geo­
logic problems of the Jordan area. The contributions 
of Hull (1886) incorporated many detailed records 
on geologic observations and a geologic map of 
Wadi al 'Arabah. 

From about 1890 to 1914, Max Blanckenhorn was 
engaged in geologic research in Palestine and 
Transj ordan. He achieved a comprehensive knowl­
edge of the country and documented his observa­
tions in many publications (Blanckenhorn, 1903, 
1912, 1914). During that time, the Hejaz RaHroad 

Dubertret (1932), who also published geologic maps 
of the region (Dubertret, 1959, 1962). Since 1928, 
important contributions to the knowledge of the 
geology in the Jordan area have been made by 
Picard (1928, 1931, 1941, 1943, 1953, 1965). 
Shaw (1947, 1948) published a geologic map of 
southern Palestine and 'gave an account on the 
geology and mineral resources of Palestine. A simi­
lar contribution was made by Quennell (1951, 1956) 
for the territory of Transjordan. Quennell's maps 
and geologic findings formed the main basis of Bur­
don's "Handbook of the geology of Jordan ... " 
(1959). A significant contribution, especially on 
stratigraphic correlation, was published by Wetzel 
and Morton (1959). 

During the last 20 years, geologic consulting that 
concerned projects for economic development has 
played an increasing role. Generally, the results 
are in unpublished reports for the Government of 
Jordan-for example: Reports of the Transjordan 
Petroleum Development Co., Ltd. (1947-49) 2 ; E. W. 
Pauley Oil Exploration and Phillips Petroleum Co. 
(1956-60) 3

; J. W. Mecom Oil Co. (1964-66) 4
; 

Mackay & Schnellmann (1954, 1957) 56 ; Parsons 
Corp. (1963)1; Gold (1964) 8 ; Wilson and Wozab 
(1954) ; Baker and Harza Engineering Co. (1955) 9 ; 

Hunting Technical Services, Ltd. (1956, 1965) 10 11 ; 

Sir M. Macdonald & Partners (1965)1 2
; Rofe & 

Raffety Consultant Engineers (1963, 1965) 13 14
; the 

from Damascus (Syria) via 'Amman. Ma'an, and AI 2 Transjordan Petroleum Development Co., Ltd .• 1947-49, Unpub. repts., 

Mudawwarah to AI Madinah (Saudi Arabia) was Jordan Nat. Resources Authority, Amman, Jordan. 
3 E. W. Pauley Oil Exploration and Phillips Petroleum Co., 1956-60, 

planned and constructed. The area thus became Unpub. repts .• Jordan Nat. Resources AuthoritY, Amman, Jordan. 

more accessible, and geologic research increased COn- 4 
J. W. Mecom Oil Co., 1964-66, Unpub. repts., Jordan Nat. Resources 

Authority, Amman, Jordan. 
siderably (Auler, 1908; Musil, 1907, 1911: Krusch, 5 Mackay & Schne!lmann, 1954, Mineral resources in Jordan: London, 

1911; Dienemann, 1915; Fuchs, 1916 ·, Kober, 1919 ·, Mackay, L Schnellmann Consulting Economic Geologists, unpub. rept. 
6 Mackay & Schnellmann, 1957, Phosphate resources in Jordan, Roseifa: 

Schwobel, 1921). London, Mackay & Schnellmann Consulting Economic Geologists, unpub. 

During the period of the British Mandate, King re~~arsons Corporation, 1963, Exploration and geology, v. 2 of El Hasa 

(1923), Cox (1924, 1925, 1932, 1934), Muir-Wood phosphate project: Los Angeles, Calif., Parsons Corp. Engineering, unpub. 

(1925) W (1934) R' ht d R' ht rept. 3166-1, Jordan Nat. Resources Authority, Amman, Jordan. 
' agner ' lC er an lC er 8 Gold, 0., 1964, The Wadi Araba copper exploration, Jordan-report 

(1941)' and Avnimelech (1945) published reports on phase A: KO!n, Germany, Ingenieurberatung fiir Bergbaufragen, un-
th I t J f C b • T • • pub. rept. for Jordan Government, Jordan Devel. Board, Amman, Jordan. 

on e pa eon 0 ogy 0 am rian, riaSSIC, and 11 Baker, M., and Harza Engineering Co., 1955, Yarmouk-Jordan Valley 

Jurassic rocks. Regional geologic problems were dis- project, master plan report: Unpub. rept. for the Jordan Government, 
d b K k J ( 1924 1925 Jordan Nat. Resources Authority, Amman, Jordan, v. 1-13. 

cusse y ren e ' ' 1941) and Hennig 10 Hunting Technical Services, Ltd., 1956, Range classification survey 

(1938). G. s. Blake, as geologist of the British of the Hashemite Kingdom of Jordan: London, Hunting Tech. Services, 
M d t G t • d Ltd., unpub. rept., Jordan Nat. Resources Authority, Amman, Jordan. 

an a e overnmen , Carne OUt Systematic SUr- n Hunting' Technical Services, Ltd., 1965, Wadi Dhuleil investigation: 

Veys On mineral and ground-water reSOUrCeS and London, Hunting Tech. Services, Ltd., unpub rept., Jordan Nat. Re-
d d h • fi d' · sources Authority, Amman, Jordan. 

recor e IS n Ings In m·any contributions (Blake, 12 Sir M. Macdonald & Partners, 1965, East bank Jordan water re-

1928, 1930, 1936, 1939; Ionides and Blake, 1939; _ sources, summary report: Sir M. Macdonald & Partners, unpub. rept. for 

Blake and Goldschmidt, 1947). Blake lost his life. ~~~·da:~rdan Government. Jordan Nat. Resources Authority, Amman, 

while on a field survey in the Wadi al 'Arabah. 13 Rofe & Raffety Consultant Engineers, 1963, Jerusalem and district 

Willis ( 1928) and Wellings (in Willis, 1938) in- water supply, geo!ogical and hydrological report: London, Rofe & Raffety 
Cons. Engineers, unpub. rept. for Jordan Central Water Authority. 

vestigated problems On the evolution of the JOrdan 14 Rofe & Raffety Consultant Engineers, 1965, Nablus district water re­

Rift. Structural phenomena were also discussed by sources survey: London, Rofe & Raffety Cons. Engineers, unpub. rept. 
for Jordan Central Water Author~ty. 
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reports of the United Nations Food and Agriculture 
Organization (UNFAO) "Sandstone Aquifer Proj­
ect in southeast-Jordan"; Lloyd (1969) ; Parker 
(1969) ; and the reports of the German Geological 
Mission (1961-67). 
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GENERAL GEOMORPHOLOGY 

The Hashemite Kingdom of Jordan covers an 
area of approximately 96,500 km2 in the northeast­
ern part of the Arabian Peninsula. In contrast to 
the more uniform and monotonous morphology of 
most of the interior of the Arabian Peninsula, the 
western and northwestern parts, including the ter­
ritory of Jordan, are morphologically distinctive. 
Jordan may be divided into seven physiographic 
provinces, which coincide with geologic provinces 
(fig. 1) : 

Southern Mountainous Desert ; 
Mountain Ridge and Northern Highlands East 

of the Rift; 
Central Plateau (includes AI Jafr and AI Azraq-

Wadi as Sirgan Basin); 
Northern Plateau Basalt; 
Northeastern Plateau; 
Wadi al 'Arabah-Jordan Rift; 
Highlands West of the Rift. 

The Southern Mountainous Desert occupies the 
area south of the west-northwest-striking escarP­
ment of Ra's an Naqb, and extends southward into 
Saudi Arabia. Between AI 'Aqabah and AI Quwayrah 
where igneous rocks of the Precambrian basement 
are exposed, the country is rough, and steep moun­
tains rise to 1,550 m above sea level (fig. 2). Farther 
east, Paleozoic and Mesozoic sandstone overlies the 
Precambrian basement complex, and from Kawr 
Ramm (Wadi Ramm) to the east they cover it com­
pletely. The sandstones also form steep bizarre cliffs 
(fig. 3) and mountains more than 1,700 m in al­
titude (Jabal Ramm, 1,754 m). Closer to the djsused 
Hejaz Railroad (AI Mudawwarah) and farther east 
(Jabal at Tubayq), an inselberg landscape of table 
mountains and large depressions are the dominant 
topographic features (fig. 4). Broad, generally flat 
areas near the base level of erosion indicate that 
the mature stage of the arid erosion cycle has been 
reached in this region. The debris of arid weather­
ing, drifting sand, and pelitic sediments in exten­
sive mudflats cover the depressions and form very 
thick fill in erosion channels of the Pleistocene 
pluvial periods. Drainage in the western part of 
this physiographic province is to the south into 
the Gulf of Aqaba and is still actively cutting head­
ward. In the eastern part, drainage turns southeast 
into the flats south of AI Mudawwarah and east into 
Wadi as Sirgan Basin. 

The Mountain Ridge and Northern Highlands East 
of the Rift is a coherent physiographic feature, in 
spite of its varied geologic character. It stretches 
north-northeast to north for about 370 km from 
the Gulf of Aqaba to Lake Tiberias; in general, 
it slopes gently toward the Central Plateau in the 
east, whereas it slopes very steeply toward the 
Rift province in the west (fig. 5). Because the base 
level of erosion in the Rift province has been lowered 
by continuing structural subsidence, the westward 
drainage of the Mountain Ridge province has been 
rejuvenated frequently. Thus, the streams have cut 
fa!'ther and farther eastward into the Central 
Plateau, capturing additional areas for the drain­
age basin of the Rift (Burdon, 1959, p. 12). The 
highest altitudes in the country (about 1,850 m) 
are in the southern part of the Mountain Ridge 
province, in the Jibal ash Sharah. 

The Central Plateau is bordered on the west by 
slopes that rise westward to the Mountain Ridge 
province : in the north and in the east, the Central 
Plateau falls to the flat, wide southeast-striking AI 
Azraq-Wadi as Sir~an Basin, which includes the 
oasis of AI Azraq in its northeastern part. The hori-
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FIGURE 2.-Precambrian granodiorite and dikes and overlying Cambrian sandstone, approximately 5 km north-northwest of 
Al Quwayrah, southern Jordan. 

FIGURE 3.-Cambrian and Lower Ordovician sandstone, ap­
proximately 8 km south-southeast of Ramm police station 
(long 35°25' E., lat 29°35' N.), southern Jordan. 

zontal or gently dipping limestone, marl, and chert 
beds of the Upper Cretaceous and lower Tertiary 
sequence form tableland scarps; chains of outliers 
(fig. 6) are partly covered or surrounded by the 
debris of arid weathering. The outliers reach al-

titudes of about 1,000 m above sea level. To the 
south, the altitude of the Central Plateau gradually 
lowers to about 850 m above sea level and is lowest 
in the wide Al Jafr Basin, which is about 150 km 
long in a northwest direction and about 100 km 
wide. The central part of this basin is an extensive 
mudflat (240 km2

). Farther south, the altitude of 
the Upper Cretaceous and lower Tertiary rock se­
quence of the Central Plateau is more than 1,500 
mat the escarpment of Ra's an Naqb, the boundary 
between the Central Plateau and the Southern 
Mountainous Desert provinces. Areas of many hun­
dreds of square kilometers in the central parts 
of the Central Plateau are covered by desert 
pavement consisting of wind-eroded chert residue, 
the flint-strewn "Hamada" desert. Drainage in the 
western part of the Central Plateau is to the west 
where extensive drainage areas have been captured 
for the Rift by the headward erosion of the Wadi 
al Mawjib, Wadi al Karak, Wadi al IJasa, and 
Wadi Dana drainage systems. In the southern part 
of the Central Plateau, drainage is from all sides 
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FIGURE 4.-Middle and Upper Ordovician sandstone and shale, approximately 10 km northwest of MaJ;lagat a! Mudawwarah, 
southern Jordan. 

FIGURE 5.-Beginning of flexure in Upper Cretaceous lime­
stone and marl, east of the AI Lisan Peninsula. Dead Sea 
in the background. 

to the center of the AI J afr Basin; in the east and 
north, drainage is northeast into the AI Azraq­
Wadi: as Sirhan Basin . ... 

FIGURE 6.-0utlier 'fuwayyi! ash Shihaq of Upper Cretaceous 
and lower Tertiary limestone, marl, and chert, approxi­
mately 30 km southeast of MalfaHat a! I;Iasa, central 
Jordan. 

The Northern Plateau Basalt province in Jordan 
covers an area of approximately 11,000 km2

, east of 
the northern part of the AI Azraq-Wadi: as Sirljan 
Basin. The Plateau Basalt forms an almost inac-
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cessible landscape of flows, fissure effusions, and 
isolated volcanoes (fig. 7). The basalt of many flows 
has been cracked by insolation and broken into 
blocks. This shield of basalt gradually lowers from 
altitudes of about 1,100 m at the Syrian-Jordanian 
border on the north to approximately 550 m in the 
south, close to the Wadi as Sirl}.an Basin. Drainage 
is south and southwest to Wadi as Sir}).an; in the 
eastern part . of the Plateau Basalt drainage is east 
and southeast. 

East of the Plateau Basalt, the Northeastern 
Plateau province extends as a monotonous quasi­
peneplained landscape far eastward across the Iraq 
border, north into Syria, and south into Saudi 
Arabia. This area is almost entirely occupied by 
calcareous and siliceous lower Tertiary sedimentary 
rocks, locally covered by upper Tertiary calcareous 
and sandy rocks and by Quaternary unconsolidated 
sediments. The drainage pattern obviously follows 
zones of structural weakness-mainly northwest, 
and, less pronounced, north-northwest and east­
northeast (fig. 8). 

The Wadi al 'Arabah-Jordan Rift (the Rift prov­
ince) is a narrow depression that extends from the 
Gulf of Aqaba for approximately 360 km north to 
Lake Tiberias; it represents but a small fraction of 

the East African-Asia Minor Rift system. Uncon­
solidated sediments of Neogene (Miocene and Plio­
cene) and, chiefly, Quaternary age occupy most of 
the floor of the Rift province. The floor of the Rift 
rises gradually from the Gulf of Aqaba to altitudes 
of 250 m above sea level at the watershed of Jabal 
ar Rishah in the central Wadi al 'Arabah. From 
there the floor falls gently northward to the sur­
face of the Dead Sea, 392 m below sea level. The 
Dead Sea covers an area of 997 km2

; it is 80 km 
long and averages 15 km wide. North of the Al 
Lisan Peninsula (fig. 9), the Dead Sea reaches its 
maximum depth of 401 m; thus, the maximum 
depth of the depression is 793 m below sea level. 
From the Dead Sea, the direction of the depression 
turns slightly from N. 15° E. to about N. 5o E. 
From the mouth of the Jordan River at 392 m be­
low sea level, the 105-km-long Jordan River valley 
rises to 212 m below sea level at Lake Tiberias. 

In the Highlands West of the Rift, structural 
upwarps (of a folded and faulted, mainly Upper 
Cretaceous-lower Tertiary rock sequence) and 
drainage systems (eastward to the Jordan River 
valley and westward to the Mediterranean Sea) 
have combined to form a mountainous diversified 
landscape (fig. 10). The watershed between the 

FIGURE 7.-Basalt flow cracked by insolation, blocks subangularly shaped by wind corrasion; approximately 200 km east of 
'Amman, northeast Jordan. 
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!200m 

FIGURE 8.-Aerial view of wadis and mudflats that follow 
structural pattern in Tertiary limestone; approximately 
250 km east-northeast of Al Mafraq. 

Dead Sea catchment area and the Mediterranean 
Sea trends approximately north-northwest from the 
Al Khalil (Hebron) region through Bethelem­
Jerusalem-Ramallah to the Nabulus (Nablus) re­
gion, and reaches altitudes of about 1,000 m. 

GEOLOGIC HISTORY AND PALEOGEOGRAPHY 

The small exposures of highly metamorphosed 
rocks along the southern Wadi al 'Arabah seem to 
represent the remnants of early ( ?) Proterozoic 
geosynclinal sedimentation and volcanism. The in­
trusion of gabbroic rocks, diorite, quartz diorite, 
granodiorite, and aplite granite, which are the main 
constituents of the Precambrian basement complex 
in south Jordan, may be considered the cause of 
their katazonal metamorphism. As isotope deter­
minations have revealed, the plutonic rocks are of 
late Proterozoic age. The age succession of the dif­
ferent types of igneous rocks has not been clarified. 
A great many differentiated dike rocks were in­
truded at different times into the solidified plu­
tonites, along dominant zones of tension that strike 

FIGURE 9.-The Wadi al 'Arabah-Jordan Rift province at its 
lowest point as viewed from the west. Upper Pleistocene 
terraced coarse clastic deposits are in foreground ; opposite 
shore of the Dead Sea is the eastern edge of the rift valley 
showing a Triassic, Jurassic, and Cretaceous rock sequence. 

northeast, east, and north. The number of dikes 
per square kilometer of exposed Precambrian base­
ment complex increases considerably from south­
east Jordan westward toward the Wadi al 'Arabah­
Jordan geosuture (zone of the structural weakness). 

Uplift and erosion preceded the deposition of sedi­
ments of latest Proterozoic age, which were affected 
merely by epizonal metamorphic processes and do 
not indicate alpine-type orogenesis. All these Pro­
terozoic rocks were then intruded by many differen­
tiated dike rocks. 

At the beginning of the Cambrian, a peneplain 
formed in southern Jordan east of the Rift; highly 
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FIGURE 10.-Upper Cretaceous rocks, western edge of Wadi al 'Arabah-Jordan Rift province, Mount of Tempta­
tion west of Aril)a (Jericho). 

metamorphosed "roof rocks" and remnants of upper 
Proterozoic sedimentary rocks were eroded away. 
In the area of the Wadi: al 'Arabah-Jordan geosu­
ture, however, a surface of pronounced relief was 
cut in the Precambrian rocks, and quartz porphyry 
lavas seem to have erupted dominantly along this 
geosuture from the latest Proterozoic until deposi­
tion of Cambrian sediments. 

Because of Prec'ambrian tectonism, the metamor­
phosed rocks and upper Proterozoic sedimentary 
rocks in the area of Wadi: al 'Arabah were preserved 
from complete erosion prior to the deposition of 
Cambrian sandstone. For this and other reasons, it 
is therefore thought that the formation of the 
Wadi al 'Arabah-Jordan geosuture dates back to 
Precambrian time. 

Since the beginning of the Cambrian, the paleo­
geographic evolution of Jordan has been influenced 
by three dominant features: (1) The Tethys Sea in 
the west and northwest, which transgressed several 
times over parts of, or over all of Jordan, (2) the 
Wadi: al 'Arabah-Jordan geosuture, which separates 
the Palestine block on the west from the Trans-

Jordan block on the east, and (3) the Nubo-Arabian 
Shield in the southeast and south, from which me­
chanical and chemical weathering products were 
transported onto the shelf of the Tethys Sea and 
where, during certain periods, continental clastic 
sediments were deposited. 

The clastic sedimentary rocks of the Lower Cam­
brian are of continental origin, insofar as is known 
from exposures in south Jordan and along the Rift. 
These Lower Cambrian rocks overlie either pene­
plained Precambrian plutonites or, as in the Wadi: 
al 'Arabah zone of the geosuture, a surface of pro­
nounced relief cut in different Precambrian rocks. 

During the latest Early to Middle Cambrian, an 
early transgression of the Tethys Sea advanced to 
the east side of the central part of the Wadi: al 
'Arabah. The pattern of different lithofacies (marine 
calcareous, marine sandy, continental sandy) was in­
fluenced by the north-south course of the geosuture 
between the Palestine and Transjordan blocks (fig. 
11). A regression is indicated in the Middle and 
Late ( ?) Cambrian by continental sandstones above 
the Tethyan marine sedimentary rocks. 
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During the Early Ordovician, the Tethys Sea 
again transgressed over flat land areas, entering 
southeast Jordan and northwest Saudi Arabia, far 
beyond its Cambrian shoreline. In a shallow marine 
environment of deposition, mainly fine-grained 
sandy and argillaceous material accumulated during 
the Middle and Late Ordovician and the Early 
Silurian. In southeast Jordan, continental influence 
on the sedimentation is suggested by a red-brown 
sandstone sequence between the marine Lower 
Silurian and the marine Upper Silurian clastic rocks. 
The marine environment of deposition continued also 
in the Early Devonian. Calcareous and sandy rocks 
of this age are found about 100 km southeast of 
the southeast corner of Jordan. Middle and Upper 
Devonian sedimentary rocks have not been identified. 

Carboniferous (lower Westphalian A-Namurian­
upper Visean) sandstones and calcareous sandstones 
were deposited in a littoral (?)-continental environ­
ment in north Jordan and probably also in west 
Jordan. Rocks of Permian age have not been con­
firmed. 

Another transgression of the Tethys Sea to the 
southeast occurred during the Early and Middle 
Triassic. The sea advanced from the west and north­
west to the area just east of the Dead Sea, where 
Triassic littoral, lagoonal, and continental ( ?) sedi­
mentary rocks disconformably overlie lower Paleo­
zoic clastic rocks. 

After a regression during the Late Triassic and 
Early Jurassic (Rhaetian and Liassic), the ocean 
advanced once more during the Middle Jurassic. 
Jurassic shorelines probably were just west of and 
approximately parallel to the borders of the. Triassic 
transgression, whereas erosion continued on the land 
farther east and south. Again, the eastern borders 
of the marine depositional environment and the 
thickness of the deposited sediments were remark­
ably influenced by the meridional zone of structural 
weakness (fig. 11). 

Renewed epeirogenic uplift and erosion, and local 
volcanism, probably during the Late Jurassic (Kim­
meridgian), preceded Early Cretaceous deposition. 
Dominantly clastic rocks of Early Cretaceous age 
therefore overlie the Paleozoic, Triassic, or Jurassic 
formations with a regional angular unconformity. 
During the Early Cretaceous, the marine deposition­
al environment dominated the northwest. part of 
Jordan, and a transgression during the Albian 
reached the area east of the Jordan River. Farther 
east and to the south, clastic sediments of continental 
origin were deposited. 

Beginning in the Late Cretaceous (Cenomanian), 

a regional transgression started to spread over land 
areas far beyond the borders of the Albian sea. 
Closer to the Nubo-Arabian Shield in the southeast, 
however, the continental deposi4--ional environment 
of sandy sedimentation, which formed in the Early 
Cretaceous, continued in the Late Cretaceous, in­
cluding the Santonian. The marine calcareous, 
marly, siliceous rock units of the Cenomanian, 
Turonian, Santonian, Campanian, and Maestrichtian 
therefore overlie these continental sandstones with 
onlap toward the southeast. In the areas occupied by 
the sea, great thicknesses of sediments accumulated 
in basins, particularly along the Wadi al 'Aritbah­
Jordan geosuture, and in the AI Jafr and AI Azraq­
Wadi as Sir ban Basins (fig. 11). The pattern of 
gentle swells characterized by phosphorites, oyster 
lumachelles, and chert layers, and of local euxenic 
basins characterized by thick bituminous limestones 
and marls, was pronounced during the Late Creta­
ceous (Campanian, Maestrichtian, and Danian) and 
continued during the Paleocene and early Eocene. 

During the late Eocene, thin calcareous sediments 
were deposited in a shallow marine depositional en­
vironment. They are found only locally in the basins 
where subsidence continued, but all of Jordan prob­
ably remained covered by the sea. 

During the Oligocene, taphrogenic (rift-forming) 
structural movements started on the southern east 
side of the Wadi al 'Arabah-Jordan geosuture and 
resulted in uplift, emergence, and continental ero­
sion. The subsequently formed graben zone (rift 
valley), and extensive parts of north and northeast 
Jordan still remained covered by the Tethys Sea. 

In the Neogene, paleogeographic conditions in the 
Wadi al 'Arabah-J ordan geosuture were dependent 
on the relation between taphrogenic subsidence and 
sediment accumulation. The rift valley which formed 
along the geosuture was either occupied by fresh­
water lakes draining west to the Tethys Sea, or it 
formed an inland depression of terrestrial or lacus­
trine sedimentation, or it was entered by marine 
waters. During a time in the Miocene-Pliocene, the 
Mediterranean Sea may have been linked with the 
Red Sea through the Gulf of Aqaba and Wadi al 
'Arabah-Jordan rift valley and through the Beisan 
depression (pl. 3). A Miocene transgression from 
the north reached to the AI Azraq-Wadi as Sirgan 
Basin and to northeast Jordan beyond the Dj ebel ed 
Drouz basalt flows. In the area of deepest structural 
subsidence within the rift valley (Dead Sea-Ghawr 
a~ ~afi area), evaporites about 4,000 m thick were 
deposited during the Miocene (?)-Pliocene-early 
Pleistocene ( ?) . During the Pliocene-Pleistocene time 
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transition and intra-Pleistocene time, several phases 
of major taphrogenic movements occurred. During 
Villafranchian and Acheulian time thick fluviolacus­
trine sediments and volcanic material accumulated 
in the Wadi al 'Arabah-J ordan Rift. Lacustrine sedi­
ments and fluviatile sand, gravel, and conglomerate 
also characterize late Pleistocene and Holocene depo­
sition within the graben. 

Apparently during the middle Tertiary, folding, 
mainly in the west and in the north, was contem­
poraneous with and related to the beginning of the 
Jordan Rift taphrogenesis. The folding was followed 
by regional arching, and, during the Pliocene and 
Pleistocene, by several phases of major faulting. 

In the areas adjacent to the rift valley and in 
southeast Jordan, which had been emergent since 
the Oligocene, and in the large basins in north­
ern, northeastern, and eastern Jordan, which 
emerged not earlier than the Miocene and Plio­
cene ( ?) , denudation has prevailed until the nresent 
time. Weathering products were transported in great 
quantities either into the rift valley or into the ex­
tensive depressions in east Jordan. These depressions 
were partly covered by fresh-water or brackish­
water lakes during pluvial periods in the Pleistocene; 
fluvial conglomerates spread over extensive areas 
along the eastern slopes of the highlands which 
border the east side of the Wadi al 'Arabah-Jordan 
Rift province. 

PRECAMBRIAN BASEMENT COMPLEX 

METAMORPHIC ROCKS 

Small outcrops of garnet-biotite gneiss, biotite­
hornblende gneiss, and biotite schist have been re­
ported from the east side of the southern Wadi al 
'Arabah (Lartet, 1869; Blake, 1936, 1939; Burdon, 
1959; Bender · 1968a). These rocks are found as 
stoped blocks, or inclusions, within the surrounding 
Precambrian intrusive rocks-for example, the well­
exposed rocks in the lower course of the Wadi Abu 
Barqa north of Gharandal (fig. 12). 

IGNEOUS ROCKS 

The important Precambrian igneous rocks have 
been distinguished on the "Geological Map of 
Jordan" sheet "Aqaba-Ma'an" (Bender and others, 
i968), and are described by Bender (1968a) and 
van den Boom and Rosch (1969). 

Hornblendite and hornblende gabbro were found 
west of the Jabal al Muhtadi, on the western slopes 
of the Jabal :[)arbah, in the Wadi :[)arbah, and on 
the west side of the Tilal Turaybin-all on the east 

FIGURE 12.-Biotite schist in aplite granite; lower Wadi Abii 
Barqa, east side of central Wadi al 'Arabah. 

side of the southern Wadi al 'Arabah. Three potas­
sium-argon age determinations by Lenz and others 
(1972) resulted in ages of 611 +-9 million years 
(hornblende), 584 ± 8 m.y. (biotite), and 564 ± 12 
m.y. (biotite). 

Diorite in the lower Wadi Qunayyah near the 
southeast shore of the Dead Sea was also dated 
by Lenz and others (1972) as 594+-8 m.y. and 
585±8 m.y. old by two potassium-argon age deter­
minations on biotite. 

Quartz diorite has been found by van den Boom 
and Lahloub 16 in the Jabal al 'Urf area approxi­
mately 38 km north-northwest of AI 'Aqabah (type 
locality) and was mapped also in other places in 
south Jordan. Pink and gray varieties of grano­
diorite are extensively exposed in the Wadi al Yitm 
(Wadi al Yutm) area north of AI 'Aqabah and are 
the equivalent of the pink granite and gray granite 
of Ionides and Blake (1939). 

Biotite aplite granite is the most common plutonic 
rock in south Jordan, and is the "granite" of 
Blanckenhorn (1914), Fuchs (1916), and Blake 
(1936). Physical age determinations using the potas­
sium-argon method on biotite resulted in ages of 
590±20 m.y. (Dr. Snelling, Oxford Univ., 1965, in 
Bender 1968, p. 20), and 592±10 m.y. and 582±8 
m.y. (Lenz and others, 1972). The samples were 
collected from a roadcut 15 km north of AI 'Aqabah. 

Two-mica aplite granites have been identified at 
long 35°12'20" E., lat 29°45'29" N., the type locality 
in the area of Jabal al 'Urf; alaskite has also been 

1• Boom, Gunter van den, and Lahloub, Mahmoud, 1964, Geological and 
petrological investigations of the igneous rocks in the area of Quweira. 
south Jordan: German Geol. Mission in Jordan, unpub. rept. (Fed. Rep. 
Germany Geol. Survey, Hannover.) 
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identified west of the Ma'an-Al 'Aqabah highway in 
the area of Wadi al Yitm (van den Boom and Lah­
loub, 1964 16

). 

A great variety of dike rocks (fig. 13) intruded 

\ 
500m 

L..-___1 

FIGURE 13.-Mafic, intermediate, and silicic dikes in alaskite 
(southeast and northeast corners of aerial photograph) and 

in granodiorite and quartz diorite; approximately 15 km 
west-southwest of AI Quwayrah, southern Jordan. 

these plutonites during several phases: quartz dikes, 
pegmatite, granite-aplite, granite porphyry, quartz 
porphyry, felsite, quartz-orthoclase porphyry, plagio­
clase porphyry, kongadiabase (diabase containing 
quartz), quartz diorite porphyry, orthoclase por­
phyry, minette, vogesite, kersantite, spessartite, 
porphyrite, and diabase (van den Boom and Lahloub, 
1964 1 6

). The dominant' strike directions of these 
dikes are northeast and east-northeast, and to a 
lesser degree, east and north. The quantity of dikes 
decreases with increasing distance eastward from 
the southern rift zone (Wadi al 'Arabah). None of 
the dikes, with the exception of some quartz por­
phyries, invade overlying Cambrian strata. 

UPPER PROTEROZOIC SEDIMENTARY ROCKS 

The Saramuj Conglomerates (Blanckenhorn, 
1912) and the Slate-Graywacke Series (Bender, 
1965) overlie and are separated by a profound ero­
sion surface from the plutonic rocks. These units 
are restricted to local exposures on the east side of 
the Wadi al 'Arabah-Dead Sea part of the Rift 
province. The Saramuj Conglomerates consist of 

well-rounded boulders and gravel derived from the 
older igneous magmatites and metamorphic rocks; 
the conglomerates have a partly brecciated, arkosic 
sandy cement and alternate with coarse and fine, 
somewhat arkosic, sandstone beds. They show evi­
dence of slight metamorphism ( epizonal metamor­
phism), and they are greatly faulted and displaced, 
but no alpine-type folding was observed. In the 
area of Wadi Abu Barqa (approximately 5.5 km 
north-northeast of Gharandal) the Saramuj Con­
glomerates are more than 200 m thick and are con­
formably overlain by the Slate-Graywacke Series, 
which is more than 200 m thick. The Slate-Gray­
wacke Series consists of gray-green and red-brown, 
hard, dense, commonly silicified sandy or silty 
slates that alternate with subgraywackes. This 
series is in turn overlain with pronounced angular 
unconformity by Cambrian sedimentary rocks (fig. 
14). Both the Saramuj Conglomerates and the 

FIGURE 14.-Angular unconformity between the upper Pro­
terozoic Slate-Graywacke Series and Cambrian sandstone; 
middle course of Wadi Abii Barqa on the east side of 
Wadi al 'Arabah. 
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Slate-Graywacke Series are intruded by numerous 
dike rocks, such as diabase, porphyrite, and quartz 
porphyry; only some of the quartz porphyry dikes 
invade the Cambrian clastic rocks. 

UPPER PROTEROZOIC-PALEOZOIC VOLCANIC AND 
ASSOCIATED ROCKS 

North . of Gharandal along the east side of the 
Wadi al 'Arabah part of the Rift province, large 
masses of irregular stocks and sills and dikes of 
quartz porphyry and some porphyrite crop out, 
either within or above the magmatites, within the 
upper Proterozoic strata, or locally within the 
Lower Cambrian clastic rocks (fig. 15; Bender, 
1965, 1So8b). 

FIGURE 15.-Intrusion of quartz porphyry into Cambrian 
sandstone; upper course of Wadi Musaymir, east side of 
central Wadi al 'Arabah. 

Ignimbrites and clastic materials in a volcanic 
matrix were found in the Wadi Abu Khushaybah 
area approximately 22.5 km north-northeast of 
Gharandal, at the east side of Wadi al 'Arabah 
(Bender, 1968b, pl. 14). The age of one such ignim­
brite, determined by the potassium-argon whole­
rock method, is 471 ± 7 m.y. (Lenz and others, 1972). 

From an interpretation of these data and of the 
mapping results it may be concluded that during 
the latest Precambrian, quartz porphyry volcanism 

took place along the southern part of the Wadi al 
'Arabah-Jordan geosuture. These quartz porphyry 
rocks were subjected to erosion at the beginning of 
Cambrian sedimentation. Locally, however, vol­
canism continued while Lower Cambrian clastic 
rocks were deposited. 

POST-PROTEROZOIC STRATIGRAPHY 
AND VOLCANISM 

The lithostratigraphic subdivision of the sedi­
mentary rocks of Jordan, their time-stratigraphic 
correlation, and the general character of depositional 
environment are shown on plate 2. 

To avoid confusion, the use of the many ill-de­
fined rock-unit and formation names introduced by 
various authors has been restricted. Instead, 
lithologic or paleontologic descriptive terms have 
been used for lithostratigraphic units that have 
been defined as to their lower and upper contacts, 
areal extent, and their position in the time-strati­
graphic scale. 

PALEOZOIC ERA 

Cambrian sedimentary rocks are exposed in a 
belt that extends from the southern end of the 
country along the east side of Wadi al 'Arabah to 
the Dead Sea (pl. 1). Cambrian sedimentation 
started in a continental environment in which basal 
conglomerates (as much as 50 m thick) were de­
posited with angular unconformity (fig. 16) above a 
pronounced erosional hiatus. The conglomerates are 
only found in the area of the geosuture where they 
fill in the valleys of a distinct surface cut in the 
Precambrian basement complex. Conglomerates are 
absent in the area east of the Wadi al 'Arabah, 
where bedded arkosic sandstone (as much as 200 m 
thick) rests on peneplained rocks of Precambrian 
age (fig. 16). 

Above the bedded arkosic sandstone, marine trans­
gressive beds crop out along the east side of the 
Wadi al 'Arabah between the Dead Sea and Ghar­
andal. Near Gharandal these marine beds are white 

Physical age determinations of samples of upper Proterozoic-Paleozoic volcanic and associated rocks 

Rock Location 
Age 

(million years) Method 

Quartz porphyry mass ___ Jabal at; Tayyibah at mouth 574±8 _____ K :Ar, whole rock -----
of Wadi Musa into Wadi al 
'Arabah. 

Porphyrite mass -------- 2 km east of ruins of Faynan 542±8 _____ _ __ do ----------------
(Feinii.n). 

Quartz porphyry mass ___ Wadi Qu~ayb -------------- 530±50 ____ Rb: Sr ----------------

Quartz porphyry stock in Wadi Musaymir ------------ 525±10 ____ K :Ar, whole rock ___ _ 
Lower Cambrian sand-
stone. 

Reference 

Lenz and others 1972. 

Do. 

Dr. Snelling, written 
commun., 1966. 

Lenz and others 1972. 
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fine-grained sandstone as much as 110 m thick that 
interfinger with, and farther south and east are re­
placed by, the lower part of massive brownish­
weathered sandstone of continental origin (fig. 3; 
altogether as much as 350 m thick; Quweira Sand­
stone of Quennell, 1951). To the north and west, 
however, the white fine-grained sandstone is 
gradually replaced by a marine dolomite-limestone­
shale sequence (as much as 50 m thick), which has 
been known for a long time in the Dead Sea area 
and has yielded fossils of latest Early to Middle 
Cambrian age (Blanckenhorn, 1912, p. 129; Diene­
mann, 1915, p. 23-26; King, 1923; Richter and 
Richter, 1964; Picard, 1942; Wadi Nash Limestone 
of Hull, 1886; and Burj Limestone Group of 
Quennell, 1951, and of Burdon, 1959). 

The upper part of the massive brownish­
weathered sandstone of southern Jordan also overlies 
the marine Cambrian beds farther north; in the area 
east of the Ghawr a§ ~afi and the Dead Sea, it is 
gradually replaced by white bedded sandstone (as 
much as 220 m thick, Lillich, 1964/7 1969), which 
also may be of marine origin and which is tentative­
ly placed in the Cambrian (pl. 2). 

Locally, Ordovician sandstone (fig. 3) crops out 
conformably above the Cambrian clastic rocks on 
the east side of Wadi al 'Arabah. In south Jordan 
east of the Rift province, the Ordovician sequence 
is more complete, because it dips gently east-north­
east underneath Cretaceous strata, that rest upon 
Paleozoic rocks having a slight angular uncon­
formity. 

Massive whitish-weathered sandstone of Ordo­
vician age was deposited in an alternating continent­
al and deltaic-marine environment. The dominantly 
coarse grained and commonly crossbedded sandstone 
contains many gravel lenses and scattered quartz 
pebbles. The sandstone is as much as 300 m thick 
in the Khawr Ramm-Qa' Disah area in south Jordan. 
Some intercalated silty and micaceous shale yielded 
well-preserved Early Ordovician (Arenigian?) trace 
fossils (determined by Huckriede in Bender and 
Huckriede, 1963). The formation was named Ram 
Sandstone by Quennell (1951) who considered it to 
be of continental origin and of any age from Cam­
brian to Jurassic. 

Without visible unconformity, bedded brownish­
weathered sandstone approximately 250 m thick 
lies above the massive whitish-weathered sandstone. 

11 Lillich, Wolfgang, 1964, Stratigraphical investigations on the Paleo­
zoic and MEsozoic sandstones on the east side of the Dead Sea: German 
Geol. Mission to Jordan, unpub. rept., Fed. Rep. Germany Geol. Survey, 
Hannover. 

It is exposed only in southern Jordan along a 10- to 
15-km-wide belt that extends south-southeast from 
the escarpment of Ra's an Naqb into Saudi Arabia. 
The sandstone is poorly sorted and dominantly 
coarse grained in the lower part, and well sorted 
and dominantly medium grained in the upper 50-70 
m of the formation. It appears dark brown or even 
black, because of desert varnish; its original colors 
were pink, beige, gray-brown, and, in the upper part, 
white. It seems to have been deposited in a near­
shore, tidal and in an offshore, shoals environment, 
and has yielded some traces of fossils (Selley, 
1968 18). The formation is classed as Lower Ordovi­
cian because it rests on top of known Lower Ordo­
vician strata and is in turh overlain by fossiliferous 
sedimentary rocks of Llarivirnian Age. This forma­
tion had been named the Umm Sahm Sandstone and 
assigned to the continental Nubian Sandstone Series 
of Paleozoic-Triassic-Jurassic age by Quennell 
(1951). 

The Umm Sahm Sandstone is overlain, with a 
marked lithologic break, by varicolored hard shale, 
silicified red-brown fine-grained sandstone, and 
brown well-bedded fine-grained sandstone that al­
ternate with friable sandy shale and siltstone; these 
beds aggregate approximately 80 m thick. The 
lower strata of these shallow-water marine fine­
grained clastic. rocks contain the Llanvirnian (Mid­
dle Ordovician) index fossil Didymograptus cf. D. 
bifidus (determined by Huckriede, in Bender and 
Huckriede, 1963). The formation was named grap­
tolite sandstone because it contained the first grap­
tolites discovered in Jordan (Bender and Huckriede, 
1963, p. 25). The upper contact was established 
where sandstone strata full of vertical tubes of 
Sabellat·ifex overlie greenish friable shale of the 
graptolite sandstone. The Sabellarifex sandstone 
consists of dominantly fine-grained sandstone al­
ternating with a few sandy shale beds (Bender and 
Huckriede, 1963, p. 252). It is approximately 120 
m thick where exposed west of the Hej az Railroad. 
According to the fossil content of the formations 
below and above it, the Sabellarifex sandstone is of 
Middle Ordovician age (W olfart, 1968, p. 523). 

The Sabellarifex sandstone in turn is conformab­
ly overlain by marine-littoral fine-grained clastic 
beds, which contain more silty and fine-grained 
sandy shale layers than does the Sabellarifex; also, 
these clastic beds locally contain some gypsum and 

18 Selley, R. C., 1968, Sedimentology of the Nubian sandstones in the 
southern desert of the Hashemite Kingdom of Jordan: Jordan Nat. Res. 
Authority unpub. interim rept. Jordan Nat. Resources Authority, Amman, 
Jordan; 
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rock-salt lenses about 1 em thick. The lower con­
tact of the clastic beds has been placed at the base 
of a 12- to 15-m-thick layer of friable greenish 
sandy shale above Sabellarifex-bearing sandstone. 
This formation was named Conularia sandstone for 
Exoconularia( ?) sp. (Bender and Huckriede, 1963) 
found in the lower third. The Conularia sandstone 
is altogether about 250 m thick, as measured west 
and east of the Hej az Railroad between Ma}Jattat 
Batn al Ghiil and AI Mudawwarah. This formation 
has yielded many fossils described in Bender and 
Huckriede (1963), Huckriede (1967), Bende:r 
(1968a), and Wolf art (1968) and can be placed in 
the Caradocian-Ashgillian-lower Llandoverian ( ?) . 

In southern Jordan east of the Hej az Railroad, 
Silurian sandstone and shale conformably overlie 
the Upper Ordovician. The paleontologic definition 
of the Ordovician-Silurian boundary is still con­
troversial (Wolfart, 1968). For practical purposes 
it has been here tentatively placed where the thick 
marine sequence consisting of the Ordovician grap-· 
tolite and Sabellarifex sandstones and the Upper 
Ordovician to Lower Silurian ( ?) Conularia sand­
stone is overlain by the Nautiloidea sandstone (pl. 
2; fig. 4, 16). Alternating flaggy fine-grained sand­
stone and sandy shale beds characterized by many 
nautiloids overlie the Conularia sandstone without 
a major lithologic break. The Nautiloidea sandstone 
has yielded many fossils that have been described 
by Huckriede (Bender and Huckriede, 1963) and 
Wolf art ( 1968). This sandstone unit is approxi­
mately 160 m thick east of the Hejaz railroad. The 
total thickness of the whole marine sequence from 
the Llanvirnian (graptolite sandstone) to the lower 
Llandoverian (Nautiloidea sandstone) is thus ap­
proximately 560 m. The same sequence is 1,000 m 
thick or more in Paleozoic sedimentary basins, as 
indicated by data from drilling operations approxi­
mately 20 km northeast of AI Mudawwarah, and by 
geoelectric and seismic-reflection surveys in the AI 
Jafr Basin. 

Overlying the Nautiloidea sandstone, red-brown 
argillaceous sandstone approximately 80 m thick 
is exposed in southeastern Jordan (pl. 1) . This 
formation consists of alternating red-brown coarse­
grained sandstone, fine-grained sandstone, and 
micaceous sandy shale and was most probably de­
posited in a continental environment. It is placed in 
the Silurian because of its stratigraphic position in 
the sequence (fig. 16). 

The red-brown argillaceous sandstone is over­
lain by as much as 200 m of well-stratified, partly 
cross bedded, dominantly medium- and coarse-grained 

gray and light-brown sandstone. Many of these 
strata are full of worm burrows and tracks of 
arthropods; some Onchus sp., which is a common 
fossil in the Upper Silurian, have been found (de­
termined by Huckriede, in Bender, 1968a, p. 58) in 
this worm burrow sandstone. 

Devonian sedimentary rocks are not exposed in 
Jordan, but they may be in the subsurface of the AI 
Azraq-Wadi as Sirban and AI Jafr Basins. Approxi­
mately 80 to 120 km southeast of the southeastern 
corner· of Jordan, Lower Devonian beds crop out 
above the Upper Silurian worm burrow sandstone, 
in the AI Awi-Al Hiij Mountains in Saudi Arabia 
(Jauf Formation above Tawil Sandstone Member of 
Bramkamp and others, 1963). The Lower Devonian 
there consists of alternating bedded sandstone, sandy 
shale, fossiliferous impure limestone, algal lime­
stone, and dolomitic limestone, all of shallow-water 
marine origin and totaling about 200 m in thickness. 

Carboniferous beds also are not yet known from 
exposed sections in Jordan. However, a palynological 
study (OJ.e~con Internatl., Ltd., 1967 111 ) of cutting 
samples from the Phillips Petroleum Co. SAFRA-
1 wildcat oil 'well (E. W. Pauley Oil Exploration 
and Phillips Petroleum Co., 1957 20 ) about 42 km 
east-southeast of 'Amman revealed spores of early 
Westfalian A-Namurian-late Visean Age (Bender, 
1968a, p. 213). The spores are in alternating mica­
ceous sandstone and argillaceous sandstone, sandy 
shale, and impure sandy limestone. Because of the 
incomplete sampling in SAFRA-1, the thickness of 
the drilled Carboniferous section is not certainly 
known; it probably exceeds 200 m. 

Permian rocks are not known in exposures or in 
subsurface sections in Jordan. On the basis of re­
gional stratigraphy in Syria (Weber, 1963), Israel 
(Gerry, 1967), and Saudi Arabia (Helal, 1964), 
Permian beds probably will be discovered in .the 
subsurface of the northern and western parts of 
Jordan. 

MESOZOIC ERA 

Triassic strata are exposed on the east side of 
the central Jordan River valley and east of the 
Dead Sea. They overlie, without visible angular un­
conformity, the white bedded sandstone that is 
tentatively placed in the Cambrian (p. 116). 
Farther east and west of the Jordan River valley, 
Permian ( ?) , Carboniferous, Devonian ( ?) , and 

10 Olexcon International, Ltd., 1967, Micropaleontoloqy, pal~nology, 
stratigraphy, and oil source rock identification, various wells and sections: 
The Hague, Netherlands, Olexcon Internat., Ltd., unpub. rept. for 
Jordan Nat. Resources Authority. 

~" See footnote 3, on p. 12. 
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Silurian-Ordovician rocks can be expected to be 
present between Triassic and Cambrian rocks. 

On the east side of the central Dead Sea the ex­
posed Triassic rocks consist (from top to bottom) 
of alternating yellow-brown fine-grained sandstone, 
sandy marl, and shale (approximately 65 m thick); 
alternating red-brown, ochre, gray and green shale, 
argillaceous fine-grained sandstone, and medium­
and coarse ... grained sandstone (approximately 50 
m thick) ; and alternating red-violet sandy shale 
and dark-red coarse-grained sandstone {approxi­
mately 70 m thick). These Triassic rocks seem to 
have been deposited in a frequently changing con­
tinental ( ?) to lagoonal and littoral to neritic en­
vironment. These sedimentary rocks yield fossils 
of Scythian Age (Cox, 1924, 1932; Blake, 1936; 
Wetzel and Morton, 1959; comprehensive list in 
Bender, 1968a, p. 60-62). To the south, in the area 
of the lower course of the Wadi al Mawjib, this se­
quence wedges out between sandstones of Cambrian 
and Early Cretaceous age (Lillich in Bender, 1968a, 
p. 59). To the north, however, in the lower Nahr az 
Zarqa' (Zarqa River) the sequence contains gyp­
sum and increase's in thickness, and the marine 
depositional environment is more pronounced than 
it is on the east side of the central Dead Sea; the 
sequence here is more than 280 m thick, is of Scy­
thian, Anisian, and Ladinian ( ?) Age, and includes 
approximately 70 m "Muschelkalk-facies" (Wagner, 
1934). To the w·e,st ~across the Wadi al 'Arabah­
J ordan Rift province, the Triassic sequence also in­
creases in thickness to more than 1,000 min Phillips 
Petroleum Co. oil exploration well Halhul-1, (E. 
W. Pauley Oil Exploration and Phillips Petroleum 
Co., 1958 21

) ; there the sandy facies is very thin, 
and limestone, dolomite, marl, and anhydrite are 
found instead. 

Jurassic beds crop out in the areas of the lower 
course of the Nahr az Zarqa' (Zarqa River) to ap­
proximately 20 km south of it, on the east side of 
the Jordan River valley. Farther south, on the east 
side of the northern Dead Sea, Jurassic beds are 
absent, and Lower Cretaceous sandstone rests di­
rectly on Triassic rocks. 

The exposed Jurassic strata consist of (from top 
to bottom) : alternating limestone and sandy marl 
(220 ( ?) m thick), plant-fossil-bearing sandstone 
(as much as 70 m thick), and thick-bedded lime­
stone (as much as 70 m thick). These rocks are 
of littoral to neritic origin and yield fossils of 
Bathonian Age (Cox, 1925; Muir-Wood, 1925; 

21 See footnote 3 on p. I2. 

Wetzel and Morton, 1959 ; van den Boom and Lah­
loub, 1962 22 ; comprehensive fossil list in Bender, 
1968a, p. 64-67). 

The Jurassic sedimentary rocks increase con­
siderably in thickness northward from the outcrop 
area and westward across the Rift province to 
more than 2,000 m in the oil exploration well Hal­
hul-l north of Hebron. There the sequence is 
of dominantly calcareous-marly, neritic to bathyal 
facies and probably represents the Aalenian, Bajo­
cian, Bathonian, Callovian, and Oxfordian. 

Quennell (1951) and Burdon (1959) classified and 
described the Jurassic and Triassic rocks in Jordan 
as the Zarqa Group. 

Lower Cretaceous rocks are exposed locally in 
some structurally elevated areas in west Jordan, 
and northern Jordan east of the Rift province. They 
are also found along a belt that parallels the east 
side of the Dead Sea-Wadi AI 'Arabah section of 
the Rift province, and along the escarpment of Ra's 
an Naqb in the southeast. They are separated from 
older sedimentary rocks by a regional depositional 
hiatus (angular unconformity). Where exposed, the 
Lower Cretaceous rocks overlie: 
1. Oxfordian ( ?) limestone in west Jordan; 
2. Bathonian calcareous san:istone and impure lime­

stone on the east side of the Jordan River 
valley; 

3. Triassic limestone, shale, and sandstone between 
the northeast corner of the Dead Sea and the 
Wadi al Mawjib; 

4. Silurian sandstone and shale in southeast Jordan; 
5. Ordovician sandstone and sandy shale between 

Ra's an Naqb and the Hejaz Railroad in south 
Jordan; and 

6. Cambrian and remnants of Ordovician sandstone 
at the east side of Wadi al 'Arabah. 

West of the Jordan River-Dead Sea part of the 
Rift province, varicolored sandstone, argillaceous 
sandstone, and sandy shale and marl (more than 
300 m thick) are of dominantly continental origin 
and are considered to be N eocomian (equal to the 
Wadi Hathira Sandstone of Shaw, 1947; or Kurnub 
Sandstone of Quennell, 1951). Limestone, sandy 
limestone, and marl of marine origin and of Aptian 
to Albian Age form the upper part (more than 80 
m thick) of the. Lower Cretaceous (Blake, 1936; 
Wetzel and Morton, 1959). These marine beds in­
crease in thickness toward the western parts of 
Jordan (Phillips Petroleum Co. oil exploration well 

~2 Boom, Gunter van den, and Lahloub, Mahmoud, 1962, The iron-ore 
deposit "Warda" in the southern Ajlun district: German Geol. Mission 
in Jordan. unpub. rept., Fed. Rep. Germany Geol. Survey, Hannover. 
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Ramallah-1, E. W. Pauley Oil Exploration and 
Phillips Petroleum Co., 1958 23

) ; they decrease in 
thickness toward the east across the Jordan River 
valley. There, only wedges of marine calcareous 
sandstone (together about 40 m thick) of Aptian­
Albian Age (Wetzel and Morton, 1959, p. 138) 
crop out in the upper part of a section of approxi­
mately 170 m of varicolored, coarse-, medium-, and 
fine-grained sandstone, sandy shale, and sandy 
marl that commonly contain plant fossils of Neo­
comian Age (Edwards, 1929). 

South from the Dead Sea and southeast along 
the escarpment of Ra's an Naqb, two units can be 
distinguished in the Lower Cretaceous sequen·ce--a 
lower unit of massive white sandstone (as much as 
180 m thick), and· an upper unit of varicolored 
sandstone (as much as 150 m thick). Both litho­
stratigraphic units contain Early Cretaceous plant 
fragments and are apparently of continental origin. 
Only the uppermost part of the varicolored sand­
stone, which is more marly and shaly, shows some 
marine influence (agglutinate Foraminifera, fish 
teeth) in the Ra's an Naqb area. 

In southeast Jordan, east of the Hej az Railroad, 
the massive white sandstone is gradually replaced 
by brown coarse-grained sandstone (as much as 90 
m thick), whereas the varicolored sandstone facies 
diachronously "migrates" from the Lower Creta­
ceous into successively younger time-stratigraphic 
units (Cenomanian, Turonian, Santonian) as one 
approaches the Nubo-Arabian Shield to the south­
east (Bender and Madler, 1969). 

Upper Cretaceous strata underlie most of the 
Highlands West of the Rift and most of the northern 
part of the Mountain Ridge provinces, and they· 
cover almost the entire Central Plateau (pl. 1). The 
beginning of the Late Cretaceous sedimentation in 
west, north, and central Jordan is marked by a 
marine calcareous facies, whereas in southeast 
Jordan, deposition of sandy sediment continued in a 
continental environment. 

Alternating limestone, dolomitic limestone, marl, 
shale, locally gypsum, and some chert were deposited 
on top of the Lower Cretaceous varicolored sand­
stone. This unit is the nodular limestone member 
(definitions of Upper Cretaceous lithostratigraphic 
members given by Bender, 1968a, p. 72-82), which 
correlates with the lower part of Quennell's (1951) 
Ajlun Group. It may exceed 450 m in th~ckness in 
west Jordan, close to the east side of the rift; in 
the lower course of the Wadi al Mawjib it was 

11:1 See footnote 8 on p. 12. 

measured as approximately 300 m, and from there 
to the south and southeast the thickness decreases 
to less than 70 m at Ra's an N aqb. On the basis of 
its abundant fossils, the nodular limestone is as­
signed to the Cenomanian (Blanckenhorn, 1914). It 
is succeeded by the echinoid limestone member, 
which consists of alternating thick- and thin-bedded 
limestone, dolomitic limestone, marl, and some shale, 
locally with some gypsum layers; it is equivalent to 
the middle and upper parts of Quennell's (1951) 
Ajlun Group. The echinoid lim,estone member is 
approximately 210 m thick in the area of the Nahr 
az Zarqa' (Zarqa River); the thickness m·ay jncrease 
to the west and decreases to the south and to the 

. southeast. The upper third shows an increasing. sand 
content south and southeast from the Wadi al 
Mawjib area. The lower two-thirds of the echinoid 
limestone member is of Cenomanian Age, its upper 
third-including its lateral facies equivalent, the 
sandy limestone me·mber (as muoh as 110 m thick), 
south of Wadi al Mawjib-is placed in the Turonian 
and Santonian. 

In north Jordan, the massive limestone member 
of Santonian Age (as much as 60 m thick) was de­
posited on top of the echinoid limestone member 
and is equivalent to the uppermost part of Quen­
nell's (1951) Ajlun Group. 

South of 'Amman, the massive limestone member 
gradually wedges out, and the succeeding silicified 
limestone member of Campanian Age directly over­
lies the echinoid limestone member, or its facies 
equivalent, the sandy limestone· member. Thin­
bedded silicified limestone, chert layers, thin more­
or-less silicified phosphorite, and thin limestone beds 
form this mappable lithostratigraphic member (sili­
cified limestone member). It is present everywhere 
in the country except in the extreme southeast, 
where it wedges out or, together with the underly­
ing Upper Cretaceous rock units, is replaced by the 
continental varicolored sandstone. The silicified 
limestone member is approximately 135 m thick in 
the Wadi al Mawjib area, but decreases to the 
west across the Rift province, and 12 km east of 
AI Khalil (Hebron) it is 20-30 m thick; to the 
east and to the ·south at Mabattat al :ij:asa and AI 
Qatranah it is 40-70 m thick, and at Zakimat al 
IJasa it is less than 20 m thick. 

Above the silicified limestone member, the phos­
phorite member of Campanian and Maestrichtian 
Age consists of alternating thin-bedded limestone, 
more-or-less silicified or calcified phosphorite layers, 
thick-bedded and crossbedded oyster lumachelles, 
and lenses and layers of minable phosphate. The 
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phosphorite member is approximately 90 m thick 
close to the Rift province in the Wadi at Mawjib 
area, and decreases in thickness to the east, to the 
south, and to the west across the rift. 

Both the silicified limestone member and the 
phosphorite member form the lower part of Quen­
nell's (1951) Belqa Group. 

Soft chalk, marl, marly limestone, and locally 
massive and crystalline limestone (so-called marble) 
rest (with a marked lithologic break) on top of 
the phosphorite member. This chalk-marl mem­
ber, which is equivalent to the upper part of Quen­
nell's (1951) Belqa Group, ranges in thickness from 
about 20 m in southeast Jordan to more than 
450 m as drilled in the AI J afr Basin. The thick 
sequence is restricted to basins that strike north­
west. Locally in these basins an euxinic facies of 
bituminous marly limestone exceeds 200 m in thick­
ness, as in the Nahr al Yarmuk (Yarmuk River) 
area in north Jordan. On the basis of microfossil 
evidence, the chalk-marl member represents the up­
per Maestrichtian, Danian, and lower Paleocene, and 
in addition upper Paleocene and lower Eocene in the 
sedimentary basins that contain thick deposits of 
the chalk-marl member. 

MESOZOIC VOLCANIC ROCKS 

West of the Jordan River, in the Wadi al Malib 
approximately 9 km east of the village of Tubas, 
deeply weathered mafic to intermediate eruptive 
rocks (phonolites, according to Ionides and Blake, 
1939) are exposed. They intrude Middle Jurassic 
limestones, and are, together with tuffs and agglom­
erates, covered by Lower Cretaceous sandstone. 
Similar, but smaller outcrops· are reported from 
Wadi al Fari'ah and near Luhuf J adir west of the 
Jordan River (Rofe & Raffety Consultant Engineers, 
1965 24 ). 

Silicic dikes and sills in the Triassic limestones 
in the area of Wadi ljisban at the northeast corner 
of the Dead Sea are mentioned by Quennell (1951, 
p. 104). At 'Ayn Musa of the same area, Wetzel and 
Morton (1959, p. 124) found trachyte sills and lenses 
of volcanic ash in the marly sandy beds below and 
above the Triassic (Muschelkalk) limestones. The 
age of the dolerite dikes in Wadi al Karak and at 
several places at the central east side of Wadi al 
'Arabah is yet uncertain; they may have formed 
during the widespread Pleistocene basalt volcanism. 

CENOZOIC ERA 

Marine sedimentation during the Late Cretaceous 
continued without a major lithologic break into the 

24 See footnote 14 on p. 12. 

Tertiary. Sedimentary rocks of Paleocene and 
Eocene age cover extensive areas in north, north­
east, and east-central Jordan ; parts west of the 
Jordan River; and small stretches along the east 
side of the Wadi al 'Arabah part of the Rift prov­
ince (pl. 1). 

Massive chalky limestone, alternating thin­
bedded limestone and chert layers, and local num­
mulitic limestone that range in age from early 
Paleocene to middle Eocene overlie the chalk-marl 
member. For regional mapping purposes, these sedi­
mentary rocks were described and classified as the 
chert-limestone member (Bender, 1968a, p. 82-87); 
it is in part the time equivalent of the upper part 
of the chalk-marl member that was still being de­
posited in sedimentary basins where marly and 
bituminous sedimentation continued into the Eocene. 
The chert-limestone member is as much as 180 m 
thick in the AI Azraq-Wadi as Sirhan sedimentary 
basin ; it decreases in thickness~ toward south 
Jordan. 

Above the chert-limestone member are the car­
charodon marls (more than 50 m thick) and the 
limestones and cherts of Thuleithuwat (more than 
30 m thick) (pl. 2) ; on the basis of microfossil 
evidence determined by Wilhelm Koch (in Bender, 
1968a, p. 85) these units are of middle Eocene age. 
They are partly the time equivalent of the barite 
marls and bituminous marls of Dahikiya (more than 
25 m thick), of which the upper part extends into 
the upper Eocene on the basis of microfossils de­
termined by Koch (in Bender, 1968a, p. 85)~ These 
beds crop out locally as erosion remnants in the 
eastern parts of the Central Plateau; they are prob­
ably much thicker in· the AI Azraq-Wadi as Sirban 
sedimentary basin. 

Oligocene-Miocene strata indicate distinct changes 
in the depositional environment, which since the 
Cenomanian had remained marine calcareous over 
most of Jordan. Glauconitic sandstone, limestone, 
and sandstone of Oligocene-Miocene age (more than 
70 m thick) unconformably overlie upper Eocene 
rocks in the AI Azr:aq-FayQ.at aQ. :Qallikiy.ah area, 
and crop out locally east of the Plateau Basalts in 
northeast Jordan. 

Glauconitic, partly sandy limestone ~nd marl, more 
than 40 m thick, are exposed in Wiidi at Tayyibah on 
the east side of the northern Jordan River valley. 
They unoonformably overlie middle E-ocene rocks and 
are, according to Wetzel and Morton (1959, p. 167), 
of Oligocene age. In the village of Shunat Nimrin 
in the same area, approximately 40 m of glauconitic 
and in part sandy limestone is exposed; it probably 
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is of Oligocene-Miocene age (Wiesemann and Ab­
dullatif, 1968 25 ). 

The lower syntectonic conglomerate unconform­
ably overlies different units of the Upper Cretaceous 
and the lower Tertiary; it crops out only along the 
east side of Wadi al 'Arabah and apparently indi­
cates the first major taphrogenic movements of the 
Jordan rift zone. The lower syntectonic conglom­
erate consists of alternating conglomerate, sand­
stone, marl, shale, gypsiferous shale, and some flaky 
limestone intercalations that total 280 m in thick­
ness in the type-section area approximately 10 km 
north-northeast of Ash Shawbak (Bender, 1968b, 
p. 186-188). They contain fossil fresh-water fishes 
( Cichlidae) and plants (certain Characeae) . The 
plant fossils are thus far known to be restricted to 
the Rupelian and Tortonian in Europe (determined 
by Karl Madler, in Bender, 1968b, p. 188). The 
lower syntectonic conglomerate is also locally ex­
posed within the Rift p·rovince-for example, at 
Gharandal in the central part and at Wadi Dabl in 
the northern part of the east side of Wadi al 
'Arabah. Here, marine influence on the depositional 
environment is shown in sandy marl layers in the 
upper part of the lower syntectonic conglomerate; 
these marl layers contain Ammonica aff. A. beccarii 
(Linne), indicative of earliest Miocene (determined 
by Koch, in Bender, 1968a, p. 88). 

The upper syntectonic conglomerate (more than 
100m thick), deposited on an angular unconformity, 
is mainly a thick-bedded coarse-grained con­
glomerate that has a sandy calcareous matrix, and 
overlies the lower syntectonic conglomerate. The 
upper syntectonic conglomerate is also restricted to 
the east side of Wadi al 'Arabah; it is of continental 
origin and probably of late Neogene age. 

The upper syntectonic conglomerate may be the 
time equivalent of the sandy marls and conglom­
erates (more than 200 m thick) of Adh Dhira' east 
of the AI Lisan Peninsula in the Dead Sea (Wetzel 
and Morton, 1959, p. 169), and of the marine oolitic 
limestones (more than 40 m thick) from Jabal al 
Khurayj in the central Wadi al 'Arabah (Bender, 
1968a, p. 91). 

Also of marine origin and of Miocene age are 
the sandstone and sandy marl (as much as 40 m 
thick) of AI Azr-aq-Faygat ag l)agikiyah west and 

83 Wiesemann, Gerd, and Abdullatif, A., 1963, Geology of the Yarmuk 
a.rea, north Jordan: German Geol. Mission in Jordan, unpub. rept. Fed. 
Rep. Germany Geol. Survey, Hannover. 

east of the Plateau Basalt (Baker and Harza· Engi­
neering Co., 1968 26

; Heimbach, 1970). 
Restricted to the central and structurally deepest 

zone of the Rift province are the evaporites of AI 
Lisan. They were not penetrated in the 3,560-m-deep 
oil exploration well El Lisan-1 ; according to a 
seismic-reflection survey by ARGAS in 1968 27

, a 
thickness of approximately 4,000 m can be assumed 
for this unit. Thus, the evaporites are a major part 
of the · total post-Proterozoic sedimentary column 
which is on the order of 10,000 m thick beneath the 
AI Lisan Peninsula. The evaporites consist mainly 
of halite and a few thin carnallite layers plus some 
anhydrite, shale, and marl. The shale and marl in­
crease rapidly in thickness toward the east edge of 
the rift valley, but more gradually toward the 
south. According to the seismic-reflection survey, it 
seems that in the southern Ghawr a~ ~afi area, ap­
proximately 20 km south of the Dead Sea, the salt 
mass is almost completely replaced by a well-bedded 
sequence that probably consists of shale and marl. 
The salt probably represents a "salt cushion" (that 
is, a gentle doming of the upper surface of the salt 
bed), which was greatly disturbed at its eastern 
flank by taphrogenic structural movement, rather 
than a diapiric salt dome. Palynological studies have 
revealed that the evaporites are of late Miocene ( ?) 
to Pliocene age, and may in part be earliest Pleis­
tocene (determined by Madler, in Bender, 1968a, p. 
90). 

Along the east side of the Jordan River valley, 
well-cemented coarse-grained clastic rocks alternat­
ing with travertines locally overlie older rock se­
quences unconformably. These clastic rocks, the 
Shagur Formation (more than 100 m thick), have 
been strongly deformed by structural movements. 
They are of continental origin and contain gastro­
pods and ostracodes of late Pliocene to early Pleis­
tocene age (Huckriede, 1966), and thus represent 
the oldest Quaternary rocks in Jordan. 

A sequence of alternating conglomerate, sand­
stone, marl, shale, and fossil red soil (more than 
350 m thick) equivalent to the Series of Grain Sabt 
(lonides and Blake, 1939) is exposed in the central 
Jordan River valley. These rocks are also struc­
turally deformed, but to a lesser degree than is the 
Shagur Formation. On the basis of rare fossils, the 

20 Baker, M., and Harza Engineering Co., 1958, The Princess Alia 
project- Definite plan report ( Azraq), land resources: Baker and Harza 
Engineering Co., unpub. rept. for the Jordan Government. 

27 Arabian Geophysical and Surveying Co. (ARGAS), 1968, Seismic re­
port El Lisan-Ghor Safi: ARGAS, unpub. rept., Jordan Nat. Resources 
Authority, Amman, Jordan. 
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Series of Grain Sabt is tentatively placed in the 
lower Pleistocene (equivalent to the Ghor el Katar 
Series of Huckriede, 1966). 

Pebble tools of the Oldowan type were discovered 
by Huckriede (1966) in the gravels of Abii :ij:abil 
(more than 10 m thick) on the east side of the 
central Jordan River valley; Huckriede classed 
these gravels as middle Pleistocene. He also found 
early Paleolithic chert implements in the gravels 
of Kufrinjah, approximately 60 km north of the 
Dead Sea on the east side of the Jordan River 
valley. 

The Lisan Formation unconformably overlies all 
older rock sequences in the Rift province. It con­
sists:·of a lower "fossiliferous member, mainly shale 
and marl (approximately 30 m exposed), and an 
upper member of varve-bedded marl and shale con­
taining some gypsum and native sulfur (aPJ>roxi­
mately 60 m exposed). The Lisan Formation is of 
late Pleistocene age and was deposited in a fluctuat­
ing oligohaline and miohaline lacustrine environ­
ment (Huckriede, 1966). Vita-Finzi (1964) reported 
upper Pleistocene chert implements from the upper 
part of the Lisan Formation in the Jordan River 
valley. At the period of its largest extension, the 
Lisan Lake covered the entire rift valley from Lake 
Tiberias to approximately 80 km south of the Dead 
Sea, a lake some 280 to 300 km long. 

Along the margin of the Rift province, the Lisan 
Formation is intercalated with, or locally replaced 
by coarse clastic and sandy deposits derived from 
the elevated areas bordering the rift valley. At other 
localities close to the shores of the ancient Lisan 
Lake, a calcareous pseudo-oolitic facies of the Lisan 
Formation, more than 10 m thick, was deposited­
for example, at Khirbat as Samra' north of Ariba 
(Jericho). 

Outside the rift valley, fluviatile-lacustrine sedi­
ments were deposited in barred basins and depres­
sions during the Pleistocene-for example, 1 km 
east-southeast of Gharandal, west of Mabattat al 
:ij:asa and in the AI Jafr and AI Azraq-Wadi as 
Sirhan Basins. Fluviatile gravels cover exten­
siv~ areas of the eastern slopes of the Mountain 
Ridge province and also of the adjacent Central 
Plateau. 

River and wadi gravels, Ioesslike sediments and 
aeolian sands, mantle rocks, landslide mass~s, talus 
fans, pelitic sediments in mud flats, calcareous sinter, 
and caliche form the major constituents of the Holo­
cene deposits. 

CENOZOIC VOLCANIC ROCKS 
During the late Neogene and Pleistocene, basaltic 

volcanism was widespread in Jordan in the follow­
ing areas: West of the Jordan River, within the 
Rift province ; along the Mountain Ridge province, 
along the northwest-striking fracture zones in cen­
tral and south J ord.an; and within the Plateau Basalt 
province. 

West of the Jordan River, basalt is rare, and of 
lesser areal extent than in Jordan east of the rift. 
A lava flow covering about 1 km2 overlies Eocene 
limestone approximately 9 km east of J anin. Even 
smaller extrusions, probably connected with north­
west.- and east-striking fault zones, were found at 
'Anin (approximately 14 km west-northwest of 
Janin), at Rafat (approximately 25 km southwest 
of Nablus), and at Salim. 

Within the rift zone, many rather small areas of 
basalt and tuff were mapped (Bender and others, 
1968 Amman sheet) between the Dead Sea and 
Lak~ Tiberi as; they are absent south of AI Lisan. 
The basalt flow of Ghawr al Katar approximately 
26.5 km north of the Dead Sea unconformably over­
lies the Series of Grain Sabt (lower Pleistocene) 
and is in turn overlain by the Lisan Formation. 
(upper Pleistocene) . The basalt flows near the east 
shore of the northern Dead Sea overlie fluviatile 
gravels that contain implements of the Acheulian. 
A middle Pleistocene age is therefore assigned to 
the activity of these volcanoes. 

The basaltic rocks along the Mountain Ridge 
province are restricted to an area approximately 20 
km wide and 110 km long between Jabal 'Unayzah 
in the south and Wadi al Mawjib in the north. The 
basalt flows on the upper south side of the Wadi al 
Mawjib valley overlie fossil soils and wadi gravels; 
the basalt lava of Jabal al Qiranah about 5 km 
northwest of M·abattat J urf ad Darawish oveTlies 
fluviatile gravels of middle Pleistocene age, which 
yielded many Acheulian implements (Bender, 1968a, 
p. 99, 105). 

Along the northwest-striking AI Karak-Wadi al 
Fayba fracture zone, which extends across the en­
tire Central Plateau for more than 300 km, several 
isolated basalt flows and basalt and dolerite dikes 
were observed. The basalts contain many inclusions 
of the calcareous or siliceous country rock that 
show traces of superficial melting. The flows also 
have been found overlying fluviatile gravels of mid­
dle Pleistocene age. In southern Jordan between AI 
Quwayrah and AI Mudawwarah, another northwest­
striking fracture zone, mainly tension fissures of 
great vertical extent along which basalt dikes have 
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intruded, extends for about 70 km through lower 
Paleozoic sandstone. These basalts contain inclusions 
of Upper Cretaceous limestone that apparently cov­
ered this area at the time the fractures were formed. 

The Plateau Basalts of Djebel ed Drouz and 
Wadi Hauran cover an area of about 45,000 km 2 (in 
Jordan about 11,000 km 2

), and extend from the 
southern rim ·of the Damascus Basin in Syria south­
ward into northeast Jordan to the northern rim of 
the AI Azraq depression. The flows continue for 
about 210 km southeastward into Saudi Arabia (AI 
]jarrah) along the east side of the AI Azraq-Wadi 
as Sirltan Basin. 

An enormous amount of extrusive rock erupted 
from many fissures; many vents are still visible as 
long rows of low cones. Basalt and some tuff also 
were extruded from clusters of isolated eruption 
cones. Six different phases of major emissions can 
be distinguished (van den Boom and Suwwan, 1966, 
p. 10-20 28 ; Bender and others, 1968, El Azraq and 
H-4 sheets) . 

The basalt flows of the lower three phases are only 
known from wells drilled for ground water in the 
Wadi a~ Zulayl area northeast of 'Amman (Hunt­
ing Tech. Services, Ltd., 1965 29 ). These flows are, 
altogether, as much as 150m thick in this area and 
are separated from each other by approximately 
5 m of fossil soils, red clays, and fossil weathered 
basalt surfaces. The uppermost of these three flows 
is in turn overlain by soils 6 to 20 m thick that are 
locally covered by a fourth flow which was drilled 
to a depth of 60 m in Wadi a1 ~ulayl. This fourth 
flow is exposed between oil pump stations H-5 and 
H-4 and in the area east of Fay gat ad l)agikiyah; 
it covers a rather flat surface of older flows or mid­
dle and upper Eocene limestones and is locally cov­
ered by sandstone, calcareous sandstone, and sandy 
marl of Miocene age. The eruption of lava flows 1 
to 4 can be therefore placed in a time interval which 
at the earliest started in the late Eocene and at the 
latest ended in the Miocene. 

A fifth flow, which is as much as 25 m thick 
where exposed but may be much thicker toward the 
center of the eruptions, is the most extensive flow 
of the northeast Jordan plateau basalts. This fifth 
flow covers older flows and Paleogene and Miocene 
sediments; it can be correlated with the basalts on 
the limestone plateau of the Nahr al Yarmiik (Yar­
muk River) area and has undergone late .Pleisto-

~a Boom, Gllnter van den, and Suwwan, 0., 1966, Report on geo!ogieal 
and petrological studies of the plateau basalts in northeast Jordan: 
German Geol. Mission in Jordan, unpub. rept. Fed. Rep. Germany Geol. 
Survey, Hannover, 42 p. 

w See footnote 11 on p. 12. 

cene erosion. The main tuff eruptions started after 
the extrusion of lava flow 5. 

The basalts of the sixth extrusive phase form 
north-trending flows many kilometers long; as ex­
posed, they are as much as 30 m thick and their 
surfaces do not show any evidence of weathering. 
They most probably correlate with the basalts that 
flowed down the Nahr al Yarmiik (Yarmuk River) 
valley to the west where they overlie Pleistocene 

··fluviatile gravels and fossil landslides. On the basis 
of archaeological evidence, Picard ( 1965, p. 359) 
placed the basalts of the Nahr al Yarmiik (Yarmuk 
River) valley in the middle Pleistocene. The. long 
rows of low basalt cones, which apparently are 
fissure effusions, also are part of the sixth eruption 
phase, because they cross the flows of the fourth 
and fifth phases. These rows strike east-southeast 
(azimuth 110°-130°) and were mapped over dis­
tances of 90 km (Bender and others, 1968, El Azraq 
sheet). 

The latest eruptions may have continued into his­
torical times, as for example, in some places in the 
Djebel ed Drouz area in Syria (de Vries and Barend­
sen, 1954; Burdon, 1959, p. 47). 

STRUCTURE 

Five major structural provinces may be distin­
guished according to their structural evolution, 
types of deformation, and pattern: 
1. Wadi al 'Arabah-J ordan rift, 
2. Nubo-Arabian Shield in southern Jordan, 
3. Block faults in central and southeastern Jordan, 
4. Upwarping, tilting, and block faulting in north­

ern Jordan, and 
5. Anticlinorium, upwarping, and block faulting 

west of the Jordan River. 

WADi AL 'ARABAH-JORDAN RIFT 

The Wadi al 'Arabah-J ordan rift forms a section, 
about 360 km long, of the East African-North 
Syrian fault system, which is recognizable over a 
distance of 6,000 km. The Wadi al 'Arabah-Jordan 
rift strikes N. 15° _E. from the Gulf of Aqaba to the 
Dead Sea to form the south graben, approximately 
200 km long, and turns from there almost due north 
to Lake Tiberias to form the north graben, ap­
proximately 160 km long. The rift separates the 
Palestine block in the west from the Transj ordan 
block in the east. The width o{ the graben floor 
ranges from 5 km to 20 km ; most of it is covered 
by Holocene and Pleistocene fluvial, aeolian, and 
lacustrine sediments. The southern part of ·the 

( 
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Transj ordan block regionally dips more steeply 
northward than does the Palestine block, but the 
sedimentary column on the northern Palestine block 
is thicker than that on the northern Transjordan 
block; therefore, the surface structural position of 
the Cretaceous-Tertiary sedimentary sequences 
gradually attains the same level on both sides of the 
rift valley between the Dead Sea and Lake Tiberias. 

The Precambrian structural pattern and the Pre­
cambrian joint and dike system as exposed on the 
east side of the south graben suggest that a struc­
tural zone of the weakness (geosuture) or major 
hinge line already existed here at the end of the 
Precambrian. Additional evidence is the morphology 
of the surface of .the Precambrian basement. com­
plex ; this surface is a peneplain some distance east 
of the south graben, but it is a very irregular sur­
face covered by coarse conglomerates of Early 
Cambrian age on both sides of the southern part of 
the present rift valley. (For details on the age and 
evolution of the Jordan rift, see Bender, 1968b.) 
Continued tectonic activity along the old zone of 
weakness is indicated by late Proterozoic to Cam­
brian quartz porphyry volcanism in the southern 
Wadi al 'Arabah. Moreover, the presence of a hinge 
line, or a major paleogeographic divide, is demon­
strated by the disposition of the Cambrian sedimen­
tary facies. These facies relations suggest the exist­
ence of an elevated Transjordan block east of the 
southern part of the hinge line which received con­
tinental sediments, and a structurally lower Pale­
stine block west of it which contains marine inter­
calations of Cambrian Age. 

Thickness and facies changes in Triassic, Jurassic, 
Cretaceous, and lower Tertiary sedimentary rocks 
across -the present rift valley indicate the continued. 
mobility of the geosuture. 

The taphrogenic structural movements that ini­
tiated the formation of the present graben apparent~ 
ly occurred along this preexisting zone of weakness 
(geosuture) and started during the late Eocene ( ?) -
Oligocene. In the late Oligocene-Miocene, the Trans­
jordan block east of the south graben was struc­
turally elevated and subjected to continental ero­
sion and, locally, to continental deposition (lower 
and upper syntectonic conglomerates at the east 
shoulder of the south graben; p. I21). In the graben 
area itself, marine beds were deposited during 
the Oligocene and Neogene. The thick evaporite 
series of late Miocene (?)-Pliocene age in the Dead 
Sea area demonstrates the gradual decrease and ter­
mination of a marine deposition in this part of the 
graben. Renewed major taphrogenic movements 

started in the Pliocene-Pleistocene. These movements 
continued during several intra-Pleistocene phases 
and reached another maximum at the time of the 
wide-spread basalt volcanism of the middle Pleisto­
cene. Further structural movements, though of small 
scale, are recorded in the upper Pleistocene uncon­
solidated sediments of the graben. 

The post-Proterozoic structural move,ments in the 
rift zone, in particular those forming the graben 
( taphrogeny) since the Oligocene, were of dip-slip 
type. Only local minor movements of tangential com­
pression and lateral displacement have been ob­
served. Clear evidence of major strike-slip displace­
ments along the rift on the order of 70 km to more 
than 100 km (Quennell, 1956; Freund, 1965), or 
evidence of a ramp valley due to east-west com­
pression (Willis, 1928), was not found during geo­
logic mapping by the author. 

NUBO-ARABIAN SHIELD IN SOUTHERN JORDAN 

The area bordering the northern Gulf of Aqaba, 
southern Wadi al 'Arabah, and the adjacent area 
to the east are considered to represent a northern 
part of the Nubo-Arabian Shield. The shield 
plunges regionally from there to the north and 
northeast. As in the southern Negev to the west 
(de Sitter, 1962), the structural features in this 
part of south Jordan indicate its cratonic character. 

On the east side of Wadi al 'Arabah, southwest­
striking graben structures have been mapped where 
the upper Proterozoic Saramuj Conglomerates and 
the Slate-Graywacke Series (p. I13) were preserved 
from erosion prior to Early Cambrian deposition 
(Bender and others, 1968, Aqaba-Ma'an sheet). 
Epeirogenic movements affected the Paleozoic strata 
east of the southern part of Wadi al 'Arabah, re­
sulting in the regional gentle dip of these strata to 
the north-northeast. The Paleozoic formations were 
in part eroded before the deposition of Lower Creta­
ceous clastic rocks. Therefore, from west to east in 
south Jordan, the Lower Cretaceous rocks overlie, 
with angular unconformity, progressively younger 
Paleozoic rock units that range from Cambrian in 
the west to Upper Silurian in the east. 

Taphrogenic movements in the rift area strongly 
affected the area bordering the rift, chiefly along 
northwest-, north-, and north-northeast-striking 
normal faults, antithetic and synthetic fault systems, 
and narrow long grabens and horsts paralleling the 
rift. 

Approximately northwest-striking tension joints 
and faults, of little vertical displacement but of con-
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siderable length, were traced in south Jordan. The 
fissures are locally filled by Pleistocene basalts. 

BLOCK FAULTS IN CENTRAL AND 
SOUTHEASTERN JORDAN 

Blocks faults in central and southeastern Jordan 
are characterized by broad epeirogenic swells and 
basins which dominantly strike northwest and west­
northwest: The AI J afr Basin, Bayir-Kilwah Swell, 
and AI Azraq-Wadi as Sirgan Basin (pl. 3). A pat­
tern of approximately northwest-, approximately 
north-northeast-, and east-striking normal faults and 
flexures of minor displacements form in part small 
horsts and grabens. The northwest-striking fault 
systems are very long; the AI Karak-Wadi al Fayba 
fault system, for example, is more than 300 km long 
and apparently is caused by deep tensional forces. 
In many places, Pleistocene basalts intrude this fault 
zone. A few small anticlinelike uplifts in central and 
southeastern Jordan can only be explained as caused 
by tangential compression (for example, Jabal at 
Tahiinah, approximately 8 km northwest of Ma'an). 

UPWARPING, TILTING, AND BLOCK FAULTING IN 
NORTHERN JORDAN 

In Jordan east of the rift valley between lat 31 °30' 
and 31 °50' N., the pattern of dominant block faults 
characteristic of central and southeast Jordan grad­
ually changes northward into another structural 
province where tilting becomes a common feature 
with faulting. This region is oalled the provinoe of 
upwarping, tilting, and block faulting. The struc­
tures in this area are thought to have been caused 
by the general change in rock types, the increase 
in thickness, and correspondingly greater weight 
of the sedimentary sequence from south to north 
and northwest; the relatively thin and dominantly 
competent beds in the south reacted to structural 
stresses by fracturing and faulting, whereas the 
thicker and more incompetent beds in the north 
reacted to the same stresses by arching, tilting, and 
flexuring. Examples are: 
1. The flat broad northwest-striking anticlinal 

trend of Jabal a~ Safra', approximately 42 km 
east-southeast of 'Amman, 

2. The flat broad upwarp of of 'Ajliin, about 45 km 
north-northwest of 'Amman, which strikes 
north-northeast for about 25 km and is faulted 
mainly in its crestal area, and 

3. The uplift of ~uwaylil). approximately 15 km 
northwest of 'Amman, which consists of a 
tilted block that extends southwest for about 
12 km. This block rises gently from southeast 

to northwest and becomes approximately 4 
km wide before it steeply dips northwest along 
a southwest-striking flexure accentuated by 
faults. 

ANTICLINORIUM, UPWARPING, AND BLOCK FAULT­
ING WEST OF THE JORDAN RIVER 

The anticlinorium, upwarping, and block faulting 
west of the Jordan River are part of a broad arched 
region that extends to the northern Negev in the 
south and to Galilae·a in the ·north. The region in 
general gently dips westward to the Mediterranean 
Sea, but dips more steeply to the east, before it is 
abruptly limited by the Jordan rift. 

The upwarps of the region are the Negev up­
warp in the south, the up warp west of the Jordan 
River in the center, and the Galilaean upwarp in 
the north. Each is a part of the anticlinorium and is 
subdivided into anticlines and synclines and into 
tilted blocks commonly limited by flexures. In the 
Negev upwarp and in the southern part of the up­
warp west of the Jordan River, these structures 
strike mostly northeast, but in the Quseife, AI 
Khalil (Hebron), Ramallah, and the AI Buqay'ah 
anticlines in the central part of the upwarp west 
of the Jordan River, a north-northeast-striking 
structural trend becomes dominant. A northwest­
and west-northwest-striking fault system in the 
northern part of the up warp west of the Jordan 
River cuts these structural trends, but their north­
northeast continuation can be traced in the northern­
most part of the upwarp and in the Galilaean up­
warp. 

ECONOMIC GEOLOGY so 

AQUIFERS 

The following major aquifer systems may be dis­
tinguished in Jordan : 
1. Lower Paleozoic sandstones are important only 

in the southern and southeastern parts of the 
country; they receive little direct recharge; 
ground-water movement is generally east or 
northeastward. 

2. Carboniferous ( ?) , Triassic, and Jurassic sand­
stones underlie the Cretaceous sandy and cal­
careous sequences in northern Jordan; depth 
to these aquifers is more than 400 m in most 
areas that require ground-water utilization. 

3. Cretaceous sandstones may be hydraulically con­
nected with the Jurassic-Triassic systems in 
the northern part of the country. Owing to 
intercalated impermeable strata of variable 
thickness and extent, several aquifers may be 

3o See Note, p. iv. 
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present within the Cretaceous sandstones at a 
particular locality. Generally the Cretaceous 
sandstones are of limited value for economic 
utilization of ground water because of con­
siderable drilling depths, commonly low per­
meability, and poor water quality. 

4. Cenomanian and Turonian limestones form lo­
cally important aquifers mainly in northern 
Jordan, where they are directly recharged 
from rainfall on outcrops along the Moun­
tain Ridge east of the Rift. 

5. Campanian and Maestrichtian intercalated 
limestone, silicified limestone, chert, and phos­
phorite form the most important and exten­
sive aquifer system in Jordan. These Upper 
Cretaceous rocks crop out in the relatively 
high rainfall zones along the mountain ridges 
and highlands east and west of the rift val­
ley, and in large areas they are at depths that 
can be economically drilled beneath a cover 
of younger sediments. Ground-water move­
ment generally follows the regional dip away 
from the rift valley-eastward from the moun­
tain ridges east of the rift, and westward 
from the highlands west of the rift. However, 
many of the larger tributaries and side wadis 
of the Jordan River valley and the Dead Sea 
cut back into these aquifers and even into 
deeper aquifers and cause the ground-water 
to flow toward the rift valley. 

An aquifer of local importance is formed by the 
lower Tertiary chert-limestone member, mainly in 
the central parts of the AI J afr and AI Azraq­
Wadi as Sirgan Basins. 

The chert-limestone member may be hydraulical­
ly connected with aquifers in the Neogene sand­
stone and sandy marl of AI Azraq and with aquifers 
in the extensive basalt rock sequence of Neogene~ 
Quaternary age north of AI Azraq. Within the rift 
valley, aquifer systems of local importance are 
formed by the upper Neogene, upper syntectonic 
conglomerate, the sands in the Series of Grain Sabt 
of early Pleistocene age, the coarse clastic intercala­
tions in the Lisan Formation (upper Pleistocene), 
and tpe more recent alluvial clastic deposits. 

Extensive ground-water investigations were made 
in Jordan during 1964 through 1969, in particular, 
by the Food and Agriculture Organization of the 
United Nations (Parker, 1969; Lloyd, 1969). 

OIL AND GAS, BITUMINOUS ROCKS, AND ASPHALT 31 

For several decades the zone of sedimentary 
troughs within the unstable shelf area of the Tethys 

a1 See Note, p. iv. 

Sea along the external rim of Taurides-Iranides has 
been the favored area of intensive and successful 
oil exploration. Much less exploration was carried 
out near the northern rim of the Nubo-Arabian 
Shield because the paleogeography and environment 
of deposition of the stable shelf area of the Tethys 
Sea had been considered unfavorable for forming 
commercial quantities of hydrocarbons. During 
more recent years, however, petroleum investiga­
tions in the Red Sea area, in Israel, and in Jordan 
have revealed that the stable shelf area of the 
Tethys Sea contains many more sedimentary basins 
and swells than had been expected. In some of these 
basins outside Jordan, oil and gas are now being 
commercially produced. 

In Jordan, n·ew · geologic mapping of the entire 
country has permitted a reinterpretation of the 
geophysical, petroleum geological, and exploration­
drilling results achieved during the periods 1947-
49 (Transjordan Petroleum Development Co., Ltd.); 
1956-60 (E. W. Pauley Oil Exploration and Phillips 
Petroleum Co., 6 exploration wells) ; 1964-66 (J. 
W. Mecom Oil Co., 3 exploration wells) 32

; and 1968-
72 (Industrija Nafta Zagreb Yugoslavia, unpub. 
data, 1 exploration well). This reinterpretation 
(Bender, 1969) was substantially supported by re­
cent geophysical and drilling activity for ground-
water exploration by the UNF AO "Sandstone 
Aquifer Project in Southeast Jordan" in coopera­
tion with Jordan's Natural Resources Authority 
(NRA), since 1964 (unpub. data, 1964-69; Lloyd, 
1969; Parker, 1969), and by seismic investigations 
carried out for NRA by Arabian Geophysical and 
Surveying Co. (1968) 33 in 1967-68. 

It is thought accordingly that the Wadi al 'Arabah­
J ordan Rift, as well as the northwest-striking basins 
of AI Jafr and Yarmiik-Al Azraq-Wadi as Sirban 
(pl. 3), represent zones of repeated structural sub­
sidence and increased sediment accumulation, espe­
cially during the Maestrichtian-Danian-Paleogene. 
A north-northeast-striking sedimentary basin con­
taining a considerably increased thickness of Tri­
assic-Jurassic strata is in the area west of the 
Jordan River. Oil and (or) gas possibilities may 
exist in these sedimentary basins, in particular with­
in the transition zones between the stable and the 
unstable shelf areas of the Tethys Sea. Such pro­
spective areas for oil and (or) gas are: 
1. Structural closures and stratigraphic traps in 

Cretaceous and older reservoir rocks overlying 
Cretaceous and possibly Jurassic-Triassic 

32 See footnotes 2-4 on p. 12. 
33 See footnote 27 on p. 121. 
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source rocks in the Yarmiik-Al Azraq-Wadi 
Sirgan Basin (total thickness above Precam­
brian approximately 5,000 m, according to 
seismic investigations.) 

2. Structural closures and stratigraphic traps in 
lower Tertiary and Cretaceous reservoir rocks 
below the thick Neogene evaporites or below 
and in ~he shale and marl facies equivalents 
of these evaporites, in the AI Lisan-Ghawr a§ 
~afi area, and in the central part of the Jordan 
Rift (total thickness of beds above Precam­
brian approximately 10,000 m, on the basis of 
seismic investigations.) 

3. Structural closures . and stratigraphic traps in 
Lower Cretaceous, Jurassic, and Triassic 
reservoir rocks, . especially those near the 
southern part of the Jordan-Dead Sea graben 
(total thickness of beds above Precambrian ap­
proximately 5,000 m, on the basis of regional 
correlations.) 

Bituminous rocks are found at different strati­
graphic levels in several areas. The highest bitumen 
contents are in the Upper Cretaceous chalk-marl 
member (p. I20); the bituminous unit in this mem­
ber is an euxinic facies deposited in sedimentary 
subbasins (fig. 17). In the Lajjiin area, Speers 34 

(1969) described a deposit of approximately 15 
km 2

• The deposit is very uniform in character, and 
its average yield of shale oil by Fischer assay is 
28.1 U.S. gal/ton. Reserves thus far established at 
Lajjiin are estimated to be about 420 million bar­
rels of shale oil. 

Asphalt has been found floating in the Dead Sea 
·and has been collected in small quantities along its 
shores since ancient times. In 1939, a block of 
asphalt measuring 150 m8 was salvaged (Ionides 
and Blake, 1939, p. 122). The asphalt obviously is 
derived from faults exposed at the sea bottom. A 
fault breccia impregnated with asphaltic residual 
oil was observed southeast of AI Lisan Peninsula 
at the mouth of Wadi 'Isal, where a north-northeast­
striking major fault zone separates the echinoid 
limestone member (Cenomanian-Santonian) from 
Cambrian shale and sandstone. Because of the small 
quantities, the asphalt is of no commercial interest. 

METALLIC MINERALS 

COPPER 35 

Copper mineralization is associated with s~veral 
rock types on the east side of Wadi al 'Arabah be-

3' Speers, G. C., 1969, El Lajjun oil shale deposit, Jordan: Jordan 
Nat. Resources Authority and BP Research Center, unpub. rept., Jordan 
Nat. Res. Authority, Amman, Jordan. 

Dll See Note, p. iv. 

tween Gharandal in the south and the Dead Sea in 
the north (Bender, 1965) : ' 
1. In Precambrian mafic dikes; traces, of no com­

mercial interest. 
2. In upper Proterozoic-Cambrian quartz por­

phyries; traces of oxidized disseminated copper 
ores deserve further investigations. 

3. In the Lower Cambrian basal conglom·erate; 
traces, of no commercial interest. 

4. In the white fine-grained sandstone of latest 
Early to Middle Cambrian age. 

5. In the dolomite time equivalents of the white 
fine-grained sandstone. 

The mineralized sandstone and dolomite have 
some possibilities for economic utilization. In the 
sandstone, the mineralization consists of small ore 
nodules chiefly of malachite and, very subordinately 
(in the centers of nodules), of cuprite, chalcocite, 
bornite, and chalcopyrite. Locally, in the Wadi Abii 
Khushaybah area, as much as 6 m of the white 
fine-grained sandstone is mineralized, its copper 
content averaging 0.53 percent. In places where the 
mineralization is restricted to thicknesses of only 
1.5 m to 0.2 m of the white fine-grained sandstone, 
the copper content of channel samples ranges from 
1.0 to 9.8 percent. 

North of Wadi Abii Khushaybah, some lateral 
equivalents of the white fine-grained sandstone are 
impure commonly sandy dolomites; the uppermost 
part of these dolomites is also mineralized, mainly 
with malachite along fissures and cracks (approxi­
mately 0.4 percent Cu over a 1.40-m-thickness of 
dolomite). Furthermore, pockets of a few tons of 
high-grade copper ore are found at the top of the 
dolomites, and in eome places the ore extends into 
the overlying sandstones. This ore consists of 
plancheite, malachite, and chrysocolla and contains 
a maximum of 47 percent Cu. These ore pockets are 
irregular and are sparsely distributed in the dolo­
mites. 

The copper mineralization in the sandstone is 
thought to have been derived from contemporaneous 
quartz porphyry volcanism during the sandstone 
deposition (syngenetic), but the mineralization at 
the contact between· dolomite and sandstone is ex­
plained by chemical precipitation from descending 
solutions containing some copper derived from 
stratigraphically higher sandstones (Bender, 1965). 

MANGANESE ao 

Manganese ore has been long known from the east 
side of the northern Wadi al 'Arabah, in the area of 
Wadi l)ana. The ore, chiefly pyrolusite, subordin-

36 See Note, p. iv. 
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ately cryptomelane, ramsdellite, hematite, goethite, 
malachite, and azurite, consists of nodular masses 
as much as 3 m thick in the upper part of the dolo­
mite-limestone-shale unit of latest Early to Middle 
Cambrian age. It is overlain by Cambrian sand­
stone. Toward the base of the. ore zone, shale and 
sandy shale intercalations increase downward to­
ward the barren part of the sequence. Laterally, 
the ore thickness may decrease within 200 m, from 
3 m to several centimeters thick, but may increase 
again at other localities; the ore is continuous for 
many square kilometers in the same stratigraphic 
interval. The metal content of 36 samples from dif­
ferent localities averaged 33.2 percent Mn and 1.7 
percent Cu (Mackay & Schnellmann, 1954 37

). Van 
den Boom and Ibrahim (1954) 38 mentioned the fol­
lowing metal contents: Mn, between 36.3 and 49.4 
percent; Cu, between 1.11 and 2.06 percent; and 
Fe, between 6.13 and 16.3 percent. According to 
van den Boom (1969), who gave a detailed descrip­
tion of the manganese ores of Wadi :(>ana, the de­
posit is of syngenetic origin. 

Though 800,000 tons of ore reserves has been 
proven by exploration work done by the Jordan 
NRA, the economic feasibility of ore production will 
be uncertain until processing problems are solved. 

IRON 

Iron ore was mined in medieval times in the 
southern 'Ajliin district, 7 km west of the village 
of Burma (about 35 km north-northwest of 
'Amman). 

The ore, dominantly hematite and some limonite, 
forms an irregular lenslike body of metasomatic 
origin within the massive limestone of Cenomanian­
Turonian ( ?) age (lower part of the echinoid lime­
stone member). Test drilling indicates that the ore 
body is about 300 m long and 200 m wide and has 
a maximum thickness of 9.80 m. The average iron 
oxide content of 205 samples from 15 boreholes was 
67.9 percent Fe:!Oa; the proven ore reserves are 
561,000 tons (van den Boom and Lahloub, 1962 39 ). 

CHROMIUM, NICKEL, URANIUM, AND PYRITE 

Traces of chromium were described by Blancken­
horn (1912, 1914) from exposures along the Ariha 
(Jericho) -Jerusalem road and also east of the 

37 Sec footnote 5 on p. 12. 
38 Boom, GUnter van den, and Ibrahim, H., 1965, Report on the 

geology of the Wiidi Dana area, with special consideration of the man­
ganese-copper occurrences: German Geol. Mission in Jordan, unpub. 
rcpt. Fed. Rep. Germany Geol. Survey, Hannover, 93 p. 

so See footnote 22 on p. 118. 

Jordan River at some localities in the chalk-marl 
member of late Maestrichtian-early Eocene age (p. 
120). Eckhardt and Heimbach (1963) identified 
a hitherto unknown chromium mineral, chromatite 
(CaCrO.,), from these outcrops. The chromium is of 
no economic interest. 

Traces of nickel are associated with Precambrian 
copper-bearing mafic dikes (0.001-0.01 percent Ni), 
with the copper mineralization of Cambrian sand­
stones and dolomites (0.001-0.01 percent Ni), with 
the manganese ores of Wadi ])ana (0.01-0.1 per­
cent Ni), and with the greenish porphyrite complex 
east of Faynan (Feinan) at the east side of the 
northern Wadi al 'Arabah (Bender, 1968a, p. 152). 
The greenish material of a porphyrite sample con­
tained 0.7 percent Ni. 

Several uranium minerals have been found in 
the phosphorite member and in the overlying chalk­
marl member (Maestrichtian-lower Eocene), from 
exposures in many parts of Jordan ; uranophane, 
tuyamunite, and metatuyamunite were identified by 
F. J. Eckhardt, Geological Survey, Federal Republic 
Germany (written commun., 1962). The phosphate 
rock produced in the Ar Ru~ayfah and in the 
Mal;Jattat al ]Jasa areas contains an average of 100 
to 125 ppm U203, which corresponds to the world 
wide average of U203 content in phosphates (H. 
Fauth, Geological Survey, Federal Republic Ger­
many, written commun., 1969). 

Pyrite is locally abundant in dark shales in the 
uppermost Lower Cretaceous sequence, approximate­
ly 20 to 30 m below the base of the Cenomanian 
nodular limestone member. No pyrite of economic 
value is known. 

NONMETALLIC MINERALS~ 
PHOSPHATE 

Geologic mapping (1: 25,000 scale) of all the 
phosphate-prospective areas in Jordan was done dur­
ing 1961-66 by the German geological mission. The 
phosphorite member (pl. 2; fig. 18) could be traced 
approximately 250 km from the area of Ra's an 
N aqb in south Jordan to the area north of 'Amman, 
and the stratigraphic correlation as well as the struc­
tural pattern of the "phosphate belt" was estab­
lished. 

Phosphate deposits of economic interest in Jordan 
are in the Maestrichtian rock sequence between 
Mal}attat al ]Jasa in the south and ~uwaylib north­
west of 'Amman. Here,the Upper Cretaceous forma­
tions, which generally have a phosphate content too 
low to be of commercial value, locally contain lens-

to See Note, p. iv. 
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like ore bodies or seams of considerable extent and 
thickness. Because of the regional slight dip of the 
phosphorite member to the east and the consequent 
thickening of overburden toward the east, the east­
ern boundary of the phosphate belt has not yet been 
defined. Its western border, however, was traced ac­
curately in surface mapping, because the phosphate­
bearing strata are uplifted in the west along the 
mountain ridge east of the rift valley. 

In the individual prospective areas (fig. 17), the 
following observations were made: 
1. In southeast Jordan, for example in the area 

of the village of 1jatt1ya, in the area of Al 
'Inab and northeast and east of the ruins of 
Kilwah, phosphorite facies are found in 
Turonian to Danian-Paleocene-E o c e n e ( ?) 
rocks. The phosphorite facies diachronously 
"migrates" into successively younger strati­
graphic levels from west to east. All phosphate 
concentrations known in this area are less than 
1 m thick and are mostly silicified, calcified, or 
sandy. No deposit of economic value has yet 
been discovered in southeast Jordan. 

2. In south Jordan (Ra's an Naqb-Ma'an), some 
phosphorite occurs in the upper part of the 
·sandy limestone member and in the silicified 
limestone member (Turonian-Santonian-Cam­
panian; pl. 2). The main phosphorite occur­
rence, however, is restricted to the phosphorite 
member (lower Maestrichtian) which is ap­
proximately 20 m thick in this area. Quality 
and quantity of the phosphate ores are below 
the margin for commercial production in this 
part of south Jordan. 

3. In the Magattat al ]jasa-Al Qatranah area, the 
phosphorite member (Maestrichtian) in­
creases in thickness to about 40 m. Mostly in 
its lower third, but also in its upper part, 
several phosphate-rich layers and lenses are 
separated from each other by limestone, marl, 
and chert. Locally the high-grade ore lenses 
are as much as 10 m thick (fig. 19). The 
minable phosphorite in the individual lenses 
ranges from 1 million to 15 million tons. So 
far, approximately 53 million tons of ore con­
taining more than 67 percent tricalcium phos­
phate has been proven in this area. 

4. Between Al Qatranah and 'Amman, other prom­
ising phosphorite layers were located during 
geologic mapping, but as yet have not been 
prospected sufficiently to justify reserve cal­
culations. 

FIGURE 19.-Phosphate in open-pit mine at Mal)attat al l}asa; 
ore body of Old Concession in central part of photograph 
approximately 5 m thick. 

5, Approximately 15 km northeast of 'Amman are 
the well-known and commercially productive 
phosphate deposits of Ar Ru~ayfah. The four 
layers that are mined are more constant in 
thickness than are the ore-bearing layers 
farther south. At Ar Ru~ayfah, the ore-bear­
ing phosphorite member is about 30 m thick 
and is of Maestrichtian Age. About 39 mil­
lion tons of phosphate ore containing more 
than 62 percent tricalcium phosphate have 
been proved in the Ar Rui!ayfah area. 

6. North of Ar Ru~ayfah-'Amman, no phosphate 
deposits of economic value are known. 

7. In the area west if the Jordan River the phos­
phorite me1aber is 25-35 m thick, but the 
phosphate beds are very impure and thin. The 
phosphorite member in this area is probably 
of Campanian Age. 

8. In northeast Jordan, impure and thin phosphorite 
layers were discovered in the lower Tertiary, 
about 70 km south of the Baghdad road, close 
to the Jordan-Iraq border (fig. 17). These 
phosphorites have not yet been investigated in 
detail. 

OTHER MINERALS " 

About 16 km northwest of 'Amman, the phos­
phorite member crops out in a steep, partly over­
turned flexure. Here, most of the phosphorite is 
altered to hard, dense, gray-greenish and red apa­
tite. The reserves of apatite ore are estimated to be 
900,000 tons. The average tricalcium phosphate con­
tent is about 70 percent. The results of a detailed 
geologic study of this the only apatite deposit in 
Jordan, have been published by Wiesemann and 
Rosch (1969). 

H See N ote, p . iv. 
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Barite is present 10 km east-southeast of Bayt 
Sa!fur (west of the Jordan River) as an irregular 
mass in limestone and marl of Turonian (?)-San­
tonian Age. It also fills dikes as much as 0.60 m 
thick in the lower Eocene calcareous beds of north­
east Jordan, 46 km northwest of oil pumping sta­
tion H-4. Other thin barite dikes were found in 
major fault zones on the east side of southern and 
central Wadi al 'Arabah. In the crest of an anti­
clinal structure at Zakimat al Ijasa, 52 km southeast 
of Bayir, barite rosettes were observed in the vari­
colored sandstone of Early Cretaceous-Cenomanian 
Age. Commercial production on a small scale may be 
possible from the irregular mass near Bayt Sal)ur 
and from the dikes in northeast Jordan. 

Feldspar and mica are common in the Precam­
brian igneous rock complex, but their quality and 
quantity do not justify production. Orthoclase or 
potassium feldspar m.ight eventually be ·produced 
by processing the pegmatitic g.ranites near AI 
Quwayrah. 

Quartz forms the main constituent of many peg­
matite dikes in the igneous basement complex, in 
particular along the east side of central and south­
ern Wadi al 'Ara:bah. In most places, however, the 
quartz is too impure and disseminated for any com­
mercial use. 

Glass sands of good quality and of practically un­
limited quantity have been observed in the lower 
part of the Lower Cretaceous massive white sand­
stone unit, and in the massive whitish-weathered 
sandstone unit of Early Ordovician age. Suitable 
exposures for glass sand production from both of 
these stratigraphic units are in the area of Qa 
'Disah in southern Jordan, at several places along 
the highway crossing the escarpment of Ra's an 
N aqb, in the Wadi as Siq approximately 7 km east­
southeast of Gharandal, and near the road between 
Na'ur and Ash Shagur. 

Agate and rock crystals (quartz) are occasionally 
found in vugs, concretions, and fillings of joints in 
the silicified limestone member (Campanian), and 
in the chert-limestone member (lower Eocene)­
for example, along the outcrop belt of these rocks 
between Ra's an Naqb and AI Quatranah, near 
Magattat. Batn al Ghul, and approximately 20 km 
southeast of Bi'r an Na'am in southeast Jordan. 
These occurrences are of no economic importance. 

Garnet was discovered in gravels and sands of the 
Wadi Abu Barqa and Wadi Huwar (7 km and 17.5 
km north-northeast of Gharandal on the east side 
of the Wadi al 'Arabah), and in biotite-garnet 
schists exposed along the middle course of Wadi 

Abu Barqa, as well as at the part of Wadi Huwar 
south of Jabal al Muraybid. Because of the impure 
quality of the garnets and because of the small 
quantities so far located, they can hardly be con­
sidered as having any commercial value. 

Semiprecious stones such as malachite, chryso­
colJa, and plancheite, are constituents of the 
epigenetic copper ores in the Cambrian dolomite­
sandstone complex ( p. 127), in the area of Faynan 
on the east side of the northern Wadi al 'Arabah. 
Cutting and polishing tests have shown that these 
minerals are suitable for gem-stone manufacture. 
Pockets and lenses of as much as 1 ton of mala­
chite, chrysocolla, and plancheite were found dur­
ing geologic mapping (Bender, 1965, p. 196). 

Gypsum forms beds 1-4 m thick in the middle 
part of the Cenomanian nodular limestone member 
in the Wadi al Karak, and in the lower third of the 
echinoid limestone member (Cenomanian-Turonian) 
at the northern slope of Wadi al Mawjib. Gypsum 
is also exposed about 35 km northwest of 'Amman, 
at the mouth of Wadi al Hunah into the N ahr az 
Zarqa' River, in a 25-m-thick part of the Triassic 
rock sequence. These occurrences could be eventual­
ly of commercial value, but thin gypsum layers in 
the chalk-marl member (Maestrichtian-Danian), 
and gypsum lamina and gypsum concretions in the 
Lisan Formation are of no economic interest. 

Several layers of anhydrite were penetrated in 
the wildcat oil wells SAFRA-1 (E. W. Pauley Oil 
Exploration and Phillips Petroleum Co., 1957 "~) in 
Lower Cretaceous ( ?) , Jurassic, and Triassic· rocks; 
anhydrite was also in the Miocene (?)-Pliocene 
evaporite sequence in El Lisan-1 (E. W. Pauley Oil 
Exploration and Phillips Petroleum Co., 1960 "~), 
and in other wells on the AI Lisan Peninsula in the 
Dead Sea (Jordan Natural Resources Authority, un­
pub. data, 1967, 1968). 

Rock salt is produced in small quantities in the 
area of the AI Azraq Basin, where saline ground 
water is collected in trenches and brought into 
evaporation pans. 

The almost unlimited reserves of rock salt that 
underlie about 100 m of upper Pleistocene marls on 
the AI Lisan Peninsula in the Dead Sea have not 
been utilized as yet. 

The amount of rock salt dissolved in the Dead 
Sea is estimated to be approximately 12,650 mil­
lion tons. Because of impurities, in particular the 
1nagnesium salts, rock salt cannot be produced by 
simple evaporation of the sea water. 

42 See footnote 3 on p. 12. 
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.Potash and magnesium salts are also dissolved 
in huge quantities in the Dead Sea water. The 
total amount of dissolved KCI is calculated to be 
about 2 billion tons, and the amount of MgCL is 
about 23 billion tons (Bentor, 1961). In the total 
water volume (143 km3

) of the Dead Sea, the dis­
solved bromine salts amount to 975 million tons 
MgBr2 and the rubidium salts amount to 12 mil­
lion tons RbCI (Bentor, 1961). 

Potash layers were first discovered in the El 
Lisan NRA-1 well (Jordan NRA, unpub. data, 
1967), which penetrated a part of the Miocene ( ?) -
Pliocene evaporite sequence at the southeast side 
of the AI Lisan Peninsula (Bender, 1969, p. 602). 
Little is yet known about the extent of these potash 
layers. 

Native sulfur is widespread in the upper Pleisto­
cene Lisan Formation; the formation can be traced 
in the rift valley from the north shore of the Dead 
Sea for more than 40 km to the north. The sulfur 
occurs as finely crystalline coatings on joints and 
fault planes, along bedding planes, and in small 
pockets within gypsum concretions. Paper-thin 
layers of amorphous sulfur are locally interbedded 
with the alternating, varvelike shales and marls. 
Variable quantities of amorphous sulfur nodules 0.5-
10 em in diameter cover the bedding planes in parts 
of the Lisan Formation. The distribution of sulfur 
is very irregular, and no place has yet been discov­
ered where commercial sulfur production from the 
Lisan Formation would be justified. 

Ochre and umber occur at several places within 
sandy gypsiferous lacustrine sediments of middle ( ?) 
Pleistocene age on the plateau of Lower Cretaceous 
sandstones at J:{umrat Ma'in, north of Wadi Zarqa' 
Ma'ayn. These raw materials for pigment consist 
of small irregular lenses as much as 1 m thick of 
yellow ochre and of dark-brown to black, · impure, 
earthy manganese ore containing gypsum. It is not 
known whether these pigments are suitable for com­
mercial use. 

Clay deposits of commercial value crop out locally 
in northern Jordan within the massive white sand­
stone unit of Early Cretaceous age. At Ghawr Kabid 
on the east side of the Jordan River valley, a clay 
bed 0.40-6.0 m thick is exposed which has an alumi­
num content of 32.8-37.6 percent; the proven re­
serves are 47,000 tons. In the area of Magi~, a simi­
lar deposit of about 46,000 tons of clay is exposed·. 

Substantial parts of the nodular limestone mem­
ber (Cenomanian) meet the requirements of raw 
material for cement (25-60 percent carbonates, 40-
75 percent noncarbonates). Portland cement is be-

ing produced from this rock unit near AI Fuhay~, 
north of 'Amman. 

Tuff is found in volcanic cones and as thin sheets 
in the basalt area in northeast Jordan. It has been 
produced for many years from Jabal ar Rutayn 
east of AI Mafraq, mainly for lightweight concrete, 
for thermal-insulation material, and for roadmak­
ing material. The tuff reserves are sufficient for 
commercial production at a much bigger scale than 
at pr~sent. 

Only a few examples of the multitude of building 
stones used since ancient times in Jordan will be 
mentioned here: 
1. Oolitic limestone of Pleistocene age exposed in 

the western Jordan River, near Kirbat as 
Samra'. 

2. Thick and hard caliche (referred to as "Nari" 
in Jordan) of Quaternary age, in the area of 
Jarash. 

3. Massive oyster-shell limestones of the phos­
phorite member of Campanian-Maestrichtian 
Age, in the area between 'Amman and AI 
Qatranah. 

4. Greenish, reddish, light-pink, and white lime­
stones of different units of Turonian to Maes­
trichtian Age west of the Jordan ·River, par­
ticularly in the vicinity of Jerusalem and 
Bethlehem. 

5. Reddish, pink, beige, and light-gray limestones 
in the upper part of the echinoid limestone 
member and in the massive limestone mem­
ber of Turonian-Santonian Age, which are 
extensively quarried in and near 'Amman and 
at many other localities in north Jordan. 

Well qualified as decoration stones are hornblende 
gabbro, quartz diorite, granodiorite, and, locally, 
quartz porphyry, as exposed at many places on the 
east side of Wadi al 'Arabah and in .the area of AI 
Quwayrah in southern Jordan. 

The rocks quarried and sold as marble in Jordan 
are actually polishable limestones. They are only 
slightly recrystallized, hard and dense, and are 
heavily jointed and fissured. These limestones are 
variously colored by iron compounds, bituminous 
matter, apatite and traces of chromium-, nickel-, 
vanadium-, and uranium-bearing minerals. The 
limestones are present locally in the upper part of 
the chalk-marl member of latest Cretaceous to early 
Tertiary age, and are extensively quarried east and 
west of the desert highway between AI Jizah and 
AI Qatranah, particularly in the area of Qasr el 
ljammam. 

The lower Pleistocene travertine of the Shagur 
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Formation can be considered as a valuable building 
and decoration stone, which so far has not been 
utilized in Jordan. At several places along the east 
side of the Jordan River valley the travertine is 
suitable for quarrying. Approximately 10 km south 
of Dayr 'Alia, extensive outcrops almost parallel­
bedded travertines as much as 10 m thick were ob­
served. 
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