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Abstract

The current study documents for the first time the existence of four suites of dykes intruded the Neoproterozoic
crustal rocks in southwestern Jordan. The oldest suite strike E-W followed by suites strike NE-SW, N-S and
NW-SE which is the youngest one. Remote sensing and GIS techniques were used for mapping the dykes
observed at the satellite image of the study area. Landsat Thematic Mapper color composite scenes allowed
mapping of most the dyke swarms in the study area. Digital image processing technique was performed to map
the dyke swarms in the study area. The emplacement of the dykes is consistent with extensional continental
tectonic setting during the Precambrian time and before the deposition of the Cambrian sediments. The study
gives an evidence for an anticlockwise rotation of the extensional stress regimes that caused these suites of dykes.
Remote sensing and GIS technique used here could thus guide the interpretation and provide exact and accurate
dyke mapping tools.
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1. Introduction

The Neoproterozoic of the basement of southwestern Jordan is the northernmost part of the Arabian-Nubian
Shield. The basements are exposed along the eastern margin of Wadi Araba (Figure 1). Dyke swarms are the
most obvious features of the basement with different direction. The Arabian-Nubian Shield formed during
Neoproterozoic time (1000-540 Ma) along both sides of the Red Sea (Bentor, 1985; Stern, 1994). The shield
formed in two major events. The first one took place between 900 and 600 Ma (Bentor, 1985; Jarrar, 1985;
Stoeser & Camp, 1985; Stern, 1994). The second stage (600-540 Ma) was dominated by NW-trending strike-slip
faults, strong extension which was accompanied by bimodal magmatic activity and the deposition of molasse
type sediments (e.g. Stern, 1985; Jarrar et al., 1991; Jarrar et al., 1992). The dyke intrusion was occurred during
the second stage of the shield formation.
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Figure 1. Location map of the study area showing the location of the four sites
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The dykes swarms have been investigated in Jordan by Jarrar et al. (1992) and Zaineldeen et al. (2002), in Saudi
Arabia by Jackson et al. (1984), in southern Isracl by Beyth et al. (1994, 1995) and Kessel et al. (1998), in Sinai
by Friz-Topfer (1991), Stern and Manton (1987) and in Eastern and Western deserts of Egypt by Stern and
Gottfried (1986), Stern and Voegeli (1987), Stern et al. (1988), Pudlo and Franz (1994).

The integrated use of remote sensing data and GIS technique, with field ground surveys, are well known as
powerful techniques for such mapping of the dyke swarms. Remote sensing data is used for extracting and
analyzing geological structures and surface morphology. Moreover, it provides a better observation and more
systematic analysis of various geomorphic units, landforms and lineament features. Remote sensing data and
GIS techniques can be used to prepare and to analyze different maps. Remote sensing and GIS techniques have
been used in this study to process and analyze the Landsat imagery for the study area in order to locate the zones
for dykes since its difficult to do so in the field ground survey.

The main objective of the present study is to apply remote sensing and GIS techniques approach to process and
analyze the digital image for identification and delineation prospective dyke zones and finally build up a map for
these dykes for the investigated area. The advantage of such methods is to conduct regional and cost-effective
investigations over large areas as is the case with the study area.

2. Study Area

The study area is located in southwestern part of Jordan to the east of the southern Wadi Araba Fault, the
southern segment of the Dead Sea Rift (Figure 1). It is bounded by latitudes 29° 20" and 30° 16' North and
longitudes 35° 00' and 36° 00' East. It is located in the northwestern part of the Arabian plate separated from the
African Plate along the most profound tectonic event on the earth crust (Dead Sea Rift / Transform).

The investigated area includes many important geomorphological features such as mountainous desert, mountain
ridges, highlands, plateau and wadis.

The methodology of the study depended mainly on satellite images as well as An ArcGIS program. Field
observations have been used. Landsat images were used to interpret the occurrence of the dyke swarms. While
the ENVI 4.7 software was used for processing and the ArcGIS version 9.3.1 software packages were applied to
digitize of the dyke swarms maps.

The study area was divided into four sites where the dykes swarm concentrated (Figure 1) to be easy to extract
the delineated dykes as much as it can be. These sites are shown on Figures 2, 3, 4 and 5. Three-dimensional
view was constructed for the study area (Figures 6 and 7).
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Figure 2. Displaying dykes with bands 7, 3 and 2 at site 1 of the study area (see Figure 1 for location)

Most of the study area is covered by Neoproterozoic crystalline basement. The basement of southwest Jordan
constitutes the northernmost exposed portion of the Arabian-Nubian Shield. It is comprised principally of felsic
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igneous rocks with subordinated felsic and basic volcanics. The shield in southern Jordan has been subdivided
into the lower Agaba Complex, comprised of a sequence of schistose and gneissic metamorphic remnants and
plutonic igneous rocks, and the overlying Araba Complex, made up principally of alkaline, rhyolitic lavas and
subvolcanic intrusions. The two complexes are separated by an unconformity marked by the Saramuj
Conglomerate Formation (Jarrar, 1985). The Aqaba plutonic rocks are calc-alkaline in character ranging in age
from 620 to 570 Ma (Ibrahim & McCourt, 1995). Most of the study area is covered by these rocks where the
studied dykes are intruded.

N293302

T
E350501 E350957

Figure 3. Displaying dykes with bands 7, 3 and 2 at site 2 of the study area (see Figure 1 for location)
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Figure 4. Displaying dykes with bands 7, 3 and 2 at site 3 of the study area (see Figure 1 for location)

The Arabian-Nubian Shield is generally regarded as a series of Neoproterozoic intra-oceanic island arcs and
sialic microcontinents in which are incorporated a few slivers of oceanic lithosphere (ophiolites). Arc
magmatism and terrane accretion commenced around 950 Ma with the new continental crust being attached to
the African craton during the Panafrican orogeny. Extensional tectonism and granitic plutonism, followed by
anorogenic magmatism, uplift and erosion between 620 to 540 Ma marked the final stages of cratonistion.
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3. Methodology

In order to delineate and digitize the dykes of the basement of the study area, the remote sensing data of Landsat
imagery and ArcGIS software were used. The satellite image of the study area was acquired by Landsat TMS5 on
August 08, 1985. The ENVI 4.7 (Environment for Visualizing Images) software was used for image processing
with bands 7, 3 and 2. Linear stretching procedure was used for image enhancement. The ArcGIS 9.3.1 software
packages were applied to extract dykes, topography and digitize of the geological maps. The visual interpretation
of satellite image allowed the mapping of most dykes in the study area. The method gives an excellent maps for
these dykes. Maps for these suites of dykes have been created using remote sensing and GIS techniques (Figure
8,9, 10 and 11). The methodology is based on digitizing the dykes zones that observed at the satellite image.
Dyke emplacement constitutes one of the conspicuous features at the satellite image of the study area.
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Figure 5. Displaying dykes with bands 7, 3 and 2 at site 3 of the study area (see Figure 1 for location). Marked
circle is the place where the NE-SW striking dykes cut the E-W striking ones
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Figure 6. 3D-view for site 1 of the study area. Marked circle is the place where NW-SE striking dykes cut the
NE-SW striking one

The analysis of the satellite image for the study area gives an excellent view of the dyke swarms that can not be
viewed in field investigation. Al-Mokredi et al. (2007) and Raharimahefa and Kusky (2009) demonstrated how
remote sensing data could be useful for mapping and extraction of the structural features. Visual interpretation of
the images provided information about the distribution, type and orientations of the dykes in the study area. Use
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of remotely sensed imagery that provides a synoptic view for the dyke swarms enables mapping of these dykes
of the study area.

Figure 7. 3D-view for site 3 of the study area. Marked small circle is the place where N-S striking dykes cut the
NE-SW striking one. While the bigger circle is the place where the dykes are truncated by fault

4. Results and Discussion

Visual interpretation of Landsat TM5 bands 7, 3 and 2 based on context, structure and texture of the image
objects allowed mapping most of the dyke swarm in the study area. Bands 7, 3 and 2 were more clearly visible
for the dyke swarms than other bands. Using linear stretching procedure gave the dykes different tones than the
hosted rocks. The results of application of the digital analysis to the Landsat image of the study area provide
information on mapping of the dyke swarms in the study area. Using bands 7, 3 and 2 for displaying the image
and then subjected to linear contrast stretching process provides a good result for such mapping of the dykes in

such area. Linear contrast stretching gives an image of differences between the intruded dykes and the hosted
rocks.
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Figure 8. Delineated dykes in site | of the study area
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Figure 10. Delineated dykes in site 3 of the study area

The interpretation shows, for the first time, that there are four suites of dykes intruded the Neoproterozoic rocks
in southwest Jordan. They are striking E-W, NE-SW, N-S and NW-SE directions with the NE-SW striking dykes
are the abundant ones. This can be inferred from the cross-cutting relationship of the dykes as observed at the
images. Interpretation of satellite image shows that the NE-SW dykes cut the E-W ones (Figure 5) and hence
they are younger. The N-S striking dykes cut the NE-SW ones (Figure 7), so they are younger. The NW-SE
striking dykes cut the NE-SW ones (Figure 6). Since the N-S striking dykes is younger than the NE-SW striking
dykes, hence the NW-SE striking dykes is younger that the N-S striking ones. Therefore, the suites of dykes can
be arranged from oldest to youngest as: E-W, NE-SW, N-S and NW-SE respectively.

Zaineldeen et al. (2002) introduced two sets of dykes intrusion in southwest of Jordan striking NE-SW and N-S
with NE-SW striking dykes being the oldest. They gave a minimum age of 570 Ma for the NE-SW striking
dykes and caused by NE-SW Sy« strike-slip extensive regime (transtensive). While the N-S striking dykes
have a maximum age of 560 Ma and caused by N-S Sy strike-slip extensive regime (transtensive).
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Figure 11. Delineated dykes in site 4 of the study area

The presence of these dykes indicates that the area was affected by great tensional stresses, and the cracks which
created by these stresses where subsequently filled by molten rock. The existence of the four suites of dykes
suggested a common source, with the different suites related by differences in melting or crystallization regimes.
The evidence of tectonomagmatic environment in the study area during the intrusion of these dykes indicates
strong extensional stress regime. Some dykes are truncated by faults (Figure 7).

It can be inferred that the last stage of Pan-African evolution of the Arabian—Nubian Shield (~ 600-540 Ma) was
marked by extension and emplacement of several generations of dykes. Four of these dykes are clearly
identifiable in Jordan as presented in the current work (E-W, NE-SW, N-S and NW-SE striking dykes). The
presence of these dykes within the basement indicates that the area is characterized by zone of weakness and
affected strongly by tectonic movement.

It can be also inferred from the direction of suites of dykes that there is an anticlockwise rotation of the
extensional stress regimes that caused these dykes during the Precambrian time (Neoproterozoic) and before the
deposition of the Cambrian sediments.

5. Conclusion

Four suites of dykes are documented for the first time in the basement rocks in southwest Jordan at the end of the
Neoproterozoic. Landsat image of the study area was analyzed by digital image processing technique using
ENVI 4.7 software in order to map the dyke swarms in southwest Jordan. The enhancement technique performed
include linear contrast stretching which introduced the most useful in distinguishing the intruded dykes and the
hosted rocks. The introduced image enables to map the dyke swarms in the study area.

The results shows that the oldest suites of dyke strike E-W followed by suites strike NE-SW, N-S and NW-SE.
The existence of these dykes indicates a strong extensional tectonic stresses affected the Neoproterozoic rocks in
southwest Jordan. Remote sensing and GIS technique were used in the study to map the dykes suites in the study
area. The method allowed mapping of these dykes. Landsat Thematic Mapper imagery provides an effective tool
for such mapping on the basis of visual contextual interpretation of color composites. Remote sensing and GIS
technique used here could thus guide the interpretation and provide exact and accurate dyke mapping tools.
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