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ABSTRACT: Manual interpretation of Landsat TM images at scale of 1:100,000 (False Colour Composite of
7, 4, 2 bands and false colour ratio composite of 5/7, 3/1, 5/4 bands in RGB), followed by digital image proc-
essing using Erdas image processing software were carried out to distinguish the several basaltic flows, re-
gional structure and dykes. This, together with photogeological interpretation and fieldwork, were used to
produce the geological map of Wadi Al Awsaji at scale of 1: 50, 000. Four different basaltic flows and two 
dykes of Olivine phyric composition were delineated in the study area, in addition to a small outcrop of the
Middle-Upper Eocene Wadi Shallala Formation. The classification is based on the detailed interpretation of
aerial photographs, Landsat imagery, as well as field observation including relative stratigraphic position,
morphology of the lava flows, weathering characteristics and petrographical details in addition to macro-
scopic and microscopic studies of individual units and the interpretation of available chemical analysis and
age data. This study with the accompanying geological map were among the National Geological Mapping
Project of Jordan and is one of the few geological maps covering the Harrat Ash Sham basaltic flows in the 
northeastern part of Jordan. Basalts which been used in Jordan as building stones, decoration stones and ag-
gregates. Mudflats in the study area could be a potential source of industrial and economic minerals.

1  INTRODUCTION 

The Wadi Al Awsaji area is located in northeast Jor-
dan and covers an area of about 660 km

2
. The study 

area is defined by the following coordinates 37
0
 15

`

and 37
0
 30` E and 32

0
 00` and 32

0
 15` N (Fig.1). The 

Trans Arabian pipeline (TAP) road makes most of 
the southern part of the study area accessible by 
four-wheel drive vehicles, and the most of the study 
area is crossed by numerous tracks which afford rea-
sonable access for rugged areas. There are no set-
tlements in the study area. The climate in the Awsaji 
area is typical of a dry desert region being very hot 
in summer and very cold in the winter. There is no 
vegetation on the lava fields, except for some very 
sparsely scattered shrubs and herbs (Guba and 
Mustafa, 1988).

In some wadis such as Al Awsaji Al Janubi there 
are many Colocynth bushes. There are also many 
kinds of shrubs such as thyme and Camomile pre- 

sent between the basaltic boulders. Remote sensing 
was the ideal technique to map such an accessible 
area.

Detailed photogeological interpretation was un-
dertaken to delineate the different formation; these 
were subsequently checked during field investiga-
tions using 1:50,000 topographical map and aerial 
photographs at scale of 1:60,000. Field investiga-
tions include delineating the distribution of the flows 
based on their field characteristics. 

Manual interpretation of Landsat images at scale 
of 1:100,000 followed by digital image processing 
employing ERDAS (Imagine 8.2) image processing 
software were carried out to distinguish the several 
basaltic flows and geologically related features prior 
to field work. A geological map at scale of 1:50,000 
showing various basaltic flows, regional structure 
and dykes has been produced together with general-
ized vertical sections and geological cross sections.

090   625 11-12-2002, 10:17:07



626 Fadda, E.H.R. 

 Figure 1. Location map 

2 IMAGERY

A hard copy of Landsat MSS at a scale of 
1:1000,000 was manually interpreted. In addition, 
Hard copies of Landsat TM images at scale of 
1:100,000 (False Colour Composite of 7, 4, 2 bands 
and false colour ratio composite of 5/7, 3/1, 5/4 
bands in RGB) were manually interpreted. Digital 
image processing techniques were used to enhance 
the Landsat TM digital images covering the study 
area to distinguish the several basaltic flows, re-
gional structure and dykes.

Detailed photogeological interpretation was un-
dertaken to delineate the different formations, these 
were subsequently checked during field investiga-
tions. Field investigations include delineating the 
distribution of the flows based on their field charac-
teristics. 

3 GEOMORPHOLOGY 

Generally the Wadi Al Awsaji area is characterized 
by low topography. The area varies in altitude from 
623m above sea level (a.s.l) in the southern part 
(Qa’a Duwalla), to 830m a.s.l in the northeastern 
corner of the study area. Three topographical fea-
tures are present in the study area, these are: 

a. Ridges occur in many parts of the study area, 
where they correspond to units of Safawi and 
Asfar basaltic groups in addition to outcrops 
of dyke rock. 

b. Mudflats comprise three areas including Qa’a 
Duwalla, Qa’a Hamda that represent mudflats 
of the southern part of the study area. 

c. Wadis, occur almost all over the sheet area 
especially in the northern parts. The wadi 
floors are infilled with boulders of basalt. 

Wadi Al Awsaji Al Janubi and Wadi Al Esh 
Shamali are the main wadis in the study area. The 
wadis are ephemeral and flow only in winter (De-
cember-March).  

The geomorphology of Wadi Al Awsaji is gener-
ally flat with gentle dipping in different directions. 
This resulted in the formation of local hills within 
the basaltic plateau. The dykes of the basaltic terrain 
within the area are parallel, aligned and elongated; 
example include the dyke located on the south of 
Wadi Al Awsaji El Janubi in the northeastern part of 
the study area.

3.1 Alluviated Area 

Alluvium deposition in low topographic areas in 
winter includes sediments deposited by traction cur-
rents during flash flood events. Alluvium and wadi 
sediments comprise small basaltic boulders and 
some angular to sub angular pebbles and cobbles. 

3.2 Mudflats 

Major mudflats in the study area, in addition to 
many small and less important ones, have been de-
veloped in low topographic areas. The mudflats 
comprise yellowish brown to yellow soft clay, 
evaporates, silty clay and sometimes rock fragments. 

3.3 Drainage Pattern 

The wadis in the study area are dry and flow only in 
winter towards the low topographic areas. Most of 
the wadis in the areas are directed towards the 
southwest. Drainage patterns are developed when 
stream channels connected with the main drainage 
centripetal.

4 GEOLOGICAL SETTING 

Volcanic rocks in the study area are part of the con-
tinental Harrat Ash Shaam Basaltic Super Group ex-
posed in the northeast Jordan and Extends from 
Syria through Jordan into Saudi Arabia, covering 
about 11,000 km

2
 in Jordan. The regional trend of 

the volcanic province is northwest-southeast, paral-
lel to the Sirhan Fault System (Ibrahim, 1993). 

The first geological study in the North Arabian 
Volcanic Province was carried out in the 19

th
 cen-

tury by Lartet (1869). Doss (1886) carried out the 
first petrographical investigation. Dubertret pub-
lished the first geological map for the basalts ex-
posed in Jordan and Syria in 1929. The German 
Geological Mission (1965) carried out a regional 
geological and petrographical investigation of these 
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basalts in NE Jordan. The results are summarized in 
Van Den Boom and Sawwan (1966), whom stated 
that six different flows, B1-B6, could be recognized 
in this province.

The same authors, following Burdon (1959), pro-
posed that the volcanic activity was a major phase of 
the taphrogenesis of the Jordan-Wadi Araba Rift 
Valley, which was initiated in the Oligocene. The 
absolute ages of this province, using the K/Ar 
method, range from 13.7 to 0.5 Ma (Baberi et. al,
1979) and Moffat, 1988).  Recent chronological 
studies indicate that Harrat Ashaam Basaltic Super 
Group ranges in age from 26 - 0.5 Ma (Tarawneh, et, 
al. 2000). 

Geochemical and petrochemical studies (Barberi 
et, al. 1979); Saffarini et, al, 1985; Ibrahim, 1987, 
1993) indicate that the basalts comprise alkali oli-
vine basalt, basanite, nepheline basanite and subor-
dintate hawaiite, all reflecting low degrees of partial 
melting of an upper mantal source. The volcanoes all 
belong to the alkali olivine basalt succession (Ibra-
him, 1993). 

The basaltic province in northeast Jordan has 
been subdivided into five groups belonging to the 
Harrat Ash Shaam basaltic Super-Group (Ibrahim, 
1993). These groups, made up of twelve separate 
formations, comprise the Wisad, Safawi, Asfar, Ri-
mah and Bishriyya groups of Miocene to Pleistocene 
age. The groups are defined on aerial photographs 
and Landsat imagery, based on field characteristics 
such as relative stratigraphical age, weathering pro-
file, bolder type and nature, morphology, petrogra-
phy (textures, phenocryst type and freshness, colour 
and grain-size etc.), drainage and tone. 

5 STRUCTURAL GEOLOGY 

Detailed interpretation of aerial photographs 
(1:60,000), Landsat MSS/TM images and digital im-
age processing with the aid of ERDAS Imagine 8.2 
software were used to identify the structural ele-
ments of Wadi Al Awsaji area. Geological interpre-
tation of linear features delineated from Landsat 
MSS image covering Wadi Al Awsaji and surround-
ing areas was used to outline the regional and local 
structure of the study area. Major faults are indicated 
by linear wadi drainage segments and straight mud-
flats following the structural pattern. Basaltic dykes 
in the study area, infill tensional fractures, which 
have a preferred northwest-southeast trend. The 
various basaltic flows, dykes and the major struc-
tures were delineated from Landsat TM image; false 
colour composite TM7, TM4 and TM2 (Fig. 2). 

Two major dykes occur in the study area, with a 
general NW-SE trend. These dykes were interpreted 
to reflect tensional faults or fissures making zones of 
weakness in the host basaltic rock. 

Fig. 2 The Various basaltic flows, dykes and major structures 
delineated from Landsat images covering the Wadi Al Awsaji 
area.

Circular and arc-like features, located in the 
southern part of the study area, have been delineated 
from the Landsat TM hard copy image. 

5.1 Faults

The most distinctive structural features in the study 
are the northeast-southwest trending faults; these 
namely are Wadi Rajil, El Arus and Hamada faults. 
Hamda Fault, which extends 30 km to Jibal Al Fu-
luq, passes through Mahattat El-Haffif and the Az-
raq sheet to the west. 

5.2 Horsts and Grabens 

The NE-SW trending Rajil Horst is a few kilometres 
across and bounded by Wadi Rajil and El Arus 
faults. The Hamda graben (NE-SW) is a few kilome-
tres across and bounded by El Arus and Baqqawi-
yya-Hamda faults. A series of unnamed horsts and 
geabens are also present in the northeastern part of 
the study area. 

5.3 Inferred Faults and Lineaments 

Two major trends (NW-SE and NE-SW) of inferred 
faults and lineaments are present in the study area; 
most of them correspond to the major fault trends. 
The interpretation was based on aerial photographs 
and Landsat images. 
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5.4 Arc –like Features

Arc-like features considered as indicator for the pa-
leotopography, such features are important for petro-
leum investigations. Two arc-like features are pre-
sent in the study area; the first one located between 
Wadi Rajil and El Arus faults, whereas the second is 
present in the southeastern part of the study area. 
Both are, more or less, half ellipsoidal, a few kilo-
metres in diameter, and trending NW-SE and NE-
SW, respectively. 

6 VOLCANIC ROCKS 

Volcanic rocks cover the majority of the study area, 
except local outcrops of Wadi Shallala Chalk For-
mation. Four different basaltic flows are present in 
the study area. Ibrahim (1993) considered the ex-
posed basalts of northeast Jordan as Harrat As-
Shaam Basaltic Super-Group. Based on detailed 
geological, petrographical and geochemical studies, 
he classified the basaltic rocks into five groups; 
Wisad, Safawi, Asfar, Rimah and Bishriyya. Two 
groups are present in the study area; these are the 
Safawi and Asfar groups. The Safawi group includes 
Ali Doleritic Trachytic Basalt, Abed Olivine Phyric 
Basalt and Salaman Flood Basalt. The Asfar group 
has been divided into five formations; only the 
Hashimyya Aphanetic Basalt is exposed in the study 
area.

The adopted petrological nomenclature of the ba-
saltic rocks in the study area essentially follows that 
of Ibrahim (1993). The classification is based on the 
detailed interpretation of aerial photographs, Landsat 
imagery, as well as field observation including rela-
tive stratigraphical position, morphology of the lava 
flows, weathering characteristics, petrographical de-
tails in addition to megascopic and microscopic 
studies of individual units and the interpretation of 
available chemical analysis and age data (Table 1). 

6.1 Basaltic Dykes

In the study area, there are two dykes of olivine Phy-
ric composition; very similar to Abed Olivine Phyric 
Basalt Formation. Field investigations proved that 
these dykes have similar mineralogy and can be con-
sidered as part of the Safawi Group. 

Dykes are located in the northern parts of the 
study area. The first dyke is extended for 5 km, 
whereas the second is extended for 3 km. The two 
dykes show only minimal differences in lithological 
characteristics, such as grain size and degree of al-
teration (iddingsitation). They are holocrystalline, 
medium to fine grained, porphyritic, amygdaloidal 
with calcite filling the voids, and equigranular in the 
groundmass. 

Table1. Nomenclature of Neogene-Quaternary basalts (after 
Ibrahim, 1993) 

The average model composition of dykes is as 
follows: plagioclase 32%, olivine 15%, iddingsite 
13.7%, pyroxene 29.8%, opaque minerals 8.0% and 
calcite 0.5%. The dykes have an average age of 23-
1.7 Ma (Tarawneh et. al., 2000).

7 SEDIMENTARY ROCKS 

A small outcrop of the Middle-Upper Eocene Wadi 
Shallala Chalk Formation is exposed in Wadi Al 
Awsaji area. The boundary with the overlaying ba-
salt in not clear in the study area since the exposed 
part is local. The Wadi Shallala Formation crops out 
in a small wadi in the southeastern part of the study 
area. The formation is not easily traced either on ae-
rial photos or on Landsat images due to the restricted 
exposure along the base of the wadi. 

The exposed part of this formation consists of 
white chalk with some silicification as appears 
clearly on the surface of the rocks. 

7.1 Superficial Deposits 

A number of mudflats are present in the study area. 
They were developed in low topographic area, and 
influenced by faulting. Alluvial sediments are re-
stricted to ephemeral wadi courses. Alluvium and 
wadi sediments comprise angular to sub-angular 
gravels and basaltic boulders. 

Symbol Formation Group Bender 
1974 

HAB Hashimyya Aphanetic 
Basalt

Asfar 
(A) 

B5/B4 

Bd Dykes      -      - 

SN Salaman Flood Basalt Safawi 
(SW) 

B5/B4 

AOB Abed Olivine Phyric 
Basalt

     -     B4 

AI Ali Doleritic Trachytic 
Basalt     -     B4 
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8 RESULTS AND CONCLUSIONS 

Detailed interpretation of aerial photographs at a 
scale of 1:60,000, Landsat MSS & TM images and 
digital image processing were used to identify four 
different basaltic flows, two dykes of Olivine Phyric 
composition, regional structure, and a small outcrop 
of the Middle-Upper Eocene Wadi Shallala Forma-
tion.

Fieldwork, in conjunction with remotely sensed 
images, was used to produce the geological map of 
Wadi Al Awsaji at scale of 1: 50, 000. 

Two major dykes occur in the study area, with a 
general NW-SE trend. These dykes were interpreted 
to reflect tensional faults or fissures making zones of 
weakness in the host basaltic rock. 

Circular and arc-like features, located in the 
southern part of the study area have been delineated 
easily from the Landsat TM hard copy image. 

It was not easy to trace the Wadi Shallala Forma-
tion outcrops either on aerial photos or on Landsat 
images because the exposure was restricted in a 
small wadi in the southeastern part of the study area 
along the base of the wadi. 

Basalts have been used in Jordan as building 
stones, decoration stones and aggregates. Mudflats 
in the study area could be a potential source of in-
dustrial and economic minerals. 

The use of remotely sensed images was ideal to 
produce the geological map at scale of 1:5,000 
showing various basaltic flows, regional structure 
and dykes.
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