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ABSTRACT
A meridional to NE – SW trending zone of fracturing is believed to represent surface expression
of movement related to the recent central Sudan earthquakes. On Landsat imagery, the zone appears
collinear with Qoz (sand dune) Abu Dulu`, a large, fixed sand dune, 150 Km to the north. The dune was
the epicentre of Khartoum 1996 earthquake. The zone also runs > 100 km southards to as far as Khor
Abu Habil immediately north of Jebel Dumbeir, the epicentre of 1966 erthquake.
This lineament is believed to be Quaternary in age, because a young, narrow seasonal stream
running within the zone truncates the dry streams that once flowed eastwards to join the White Nile as
part of the late Tertiary – Quaternary Nile Valley drainage system. A detailed gravity survey along four
E-W profiles within the postulated fracture zone revealed the presence of a low gravity zone compared
with the surrounding. Very Low Frequency (VLF) electromagnetic measurements along the same gravity
profiles gave high values reinforcing the gravity data. Geophysical models revealed a depth of about 500m
for the fractures, and a geological explanation is provided. Four seismic events have been recorded later
in 2004 by the Sudan Seismic Network along the northerly extension of the postulated fracture zone, with
magnitudes ranging between 2.8-3.8 on Richter Scale.
This recent fracture zone is believed to represent rejuvenation of three meridional to submeridional earlier movements in the same area. It is noteworthy that the African continent has been
affected by major episodes of rifting since the Proterozoic, through the Mesozoic to the TertiaryQuaternary times.

1. INTRODUCTION
During mapping of the Arashkol igneous complex, central Sudan (Fig.1) in 1997, a linear
zone is seen in Khartoum area Landsat imagery running N – S and collinear with a fixed, > 300 km
long sand dune, known locally as Qoz (i.e. sand dunes) Abu Duluۤ (the epicenter of Khrtoum 1996
earthquake). The zone also runs south wards to khor Abu Habil, a prominent, linear, E-W running
seasonal stream, lying north of Jebel Dumbeir, the epicentre of 1966 and 1993 earthquakes (Fig. 2). In
the study area a meandering, seasonal stream runs within the linear zone. Tributary seasonal streams
that once flowed east wards to join the White Nile as part of the late Tertiary – Quaternary Nile
Valley drainage system were seen truncated and caught up by the seasonal stream with the
development of small deltas (Figs. 3 & 4). Jebel Arashkol, a linear igneous complex lies west of the
White Nile between latitudes 14º 9َ and 14º 13َ N; and longitudes 32º 4َ and 32º 10َ E, about 30 km
northwest of Ed Dueim town (Fig.1).
Truncation of the Quaternary drainage lines of the Nile Valley drainage system by such a
youthful structure has not been reported anywhere else in the Sudan.
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2. OBJECTIVES OF THE STUDY AND REVIEW OF EARTHQUAKES HISTORY IN THE
SUDAN
The main objective of this study is firstly to ascertain the presence of the postulated fracture
zone observed on Landsat imagery, using gravity and Very Low Frequency (VLF) electromagnetic
measurements. Secondly, to investigate its relationship with central Sudan earthquakes.
Sudan is underlain by old basement rocks of the Precambrian Nubian Shield with a platform
cover of Palaeozoic, Mesozoic and Cainozoic sequences. The country is no longer a seismically
inactive region as was commonly believed by geologists and others. Volcanic activity and earthquakes
do occur along the central axis of the spreading Red Sea which forms the eastern boundary of the
country. The earthquakes there are attributed to the rifting associated with the opening of the Red Sea.
It is also believed that severe shocks must have affected northern Sudan in the area north of Shendi
town on the River Nile (17º 00َ N, 33º 45َ E, Fig.5). This is because pyramids and temples of the old
Meroitic civilization there have suffered severe damage from earthquakes (Vail, 1978). Qoz Abu
Duluۤ, the epicenter of Khartoum 1996 Earthquake, lies to the west of these temples and extends
northwards as far as Atbara town latitude (17º 45 N, 34º 00 E) on the River Nile. Gravity data
revealed that Qoz Abu Duluۤ marks the site of a Cretaceous sedimentary basin, named Abu Duluۤ
basin (Ibrahim et al., 1996).

Fig. 1: Location map of the study area showing gravity and VLF profiles across the young
seasonal stream following part of the fracture zone.
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A number of earthquakes took place in southern and central Sudan during the second half of
the last century, during which time there were no seismic stations in the country. Information about
some of them was made available by personal efforts of the geologists from stations outside the
country, while the rest of the shocks were reported to geologists by the locals (e.g. Ambrasseys and
Adams, 1986; Gad El Mula, 1993). Referring to Fig.(5), Jebel Rajaf ( 4º 42َ N, 31º 30َ E) north of
Juba town on the White Nile, southern Sudan is well known by the locals for its frequent tremors.
The strongest shocks were registered in May, 1990 with magnitudes 7.4 and 7.0 on Richter
scale (Ibrahim, 1993; USGS earthquake database website).
Jebel Dumbeir area west of the White Nile, central Sudan (Fig. 5) was also hit by an
earthquake in 1966 whose epicenter lies within 1 km of the Jebel,(12º 21َ N, 30º 28َ E) with
magnitude 5.1, on Richter scale (Qureshi and Sadig, 1967; Qureshi, 1968). Two other shocks affected
the area in 1993 with the strongest shock having a magnitude of 5.4 (Abdelwahab et al., 1999). Mild
shocks were reported by the locals from Ed-Dueim town (14º N, 32º 25َ E, Fig. 1) and environs on the
White Nile, central Sudan in 1971 and later. The capital Khartoum (15º 30َ N, 32º 30َ E) was hit by
two earthquakes in 1993 and 1996 with magnitudes 5.5 and 6.2, respectively and epicenters lying
along Qoz Abu Dulu`, Fig.5, (USGS earthquakes database website).

Fig. 3: Geological map of Arashkol complex NW Ed- Dueim (modified after Elnour, 2000)
3. GENERAL GEOLOGY
The Arashkol igneous complex belongs to the so-called "Younger Granite” igneous rock
association of the Sudan (El Nour, 2000), characterized by late Proterozoic to late Cretaceous, postorogenic, alkaline to peralkaline granites and syenites, usually emplaced in weak fracture zones (e.g.
Almond, 1979; Vail, 1985 and 1989).
The Arashkol complex itself is composed of well exposed, coalesced granite, microgranite and
granodiorite plutons, emplaced into older Precambrian, rarely exposed para-gneisses and para- schists,
because of the Quaternary superficial cover (El Nour, 0p.cit.). The linear, NE-trending outcrop pattern
of the igneous complex suggests a fracture-controlled emplacement of its granitic rocks. Such a
tectonic setting characterizes most of the "Younger Granites" studied in the Sudan (e.g. Almond, op.
cit ; Vail, op. cit). Rejuvenation of movement along the same trend was observed along the eastern
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margin of the complex along two major faults trending NE, where the granitic rocks are strongly
brecciated and silicified (Fig.3).

140 09' N

140 12' N

140 15' N

4. GEOPHYSICAL INVESTIGATIONS
Detailed gravity and VLF electromagnetic measurements were carried out in the study area
during May, 2002. Four gravity profiles, trending east- west, each 3 –4 km long were conducted across
the postulated fracture zone (Fig.1). The profile spacing was 500 m and a total of 190 stations were
prepared with spacing of 50 –100 m. The first station of profile 1 was selected as the base station (zero
value, 14° 13.42 N, 32º 8.87 E). The stations positioning was made using the chain line survey
procedure. Elevations of the gravity stations were determined using a dumpy level.
Lacoste & Romberge Gravimeter (Model G) was used for the gravity measurements. Since the
gravity stations are located away from any hill and the survey area is relatively flat, no terrain
correction was made. The data was corrected for instrumental drift, latitude and elevation. The
standard density of the surface rocks used in reducing the gravity data was 2670 kg/m3.
VLF measurements were carried out along the traverses 1, 2 and 3 with a Wadi system
manufactured by ABEM company. The in-phase and out-phase measurements were taken at 10 m
intervals. The data was not influenced by any topographic effects, and was filtered using a KarousHjelt filter (Software version 1983). The output of the Karous-Hjelt filter is a relative current density
versus the surface position at a chosen depth.

Fig. 4. A close-up Landsat sub scene 173/49, 7, 4 & 1 in RGB, showing
the seasonal stream with its deltas within the fracture zone.
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FIG . 5: EPICENTRES OF SOME SUDANESE EARTHQUAKES AND ED-DUEIM- ABU
DULU' FRACTRURE ZONE.
4.1. Gravity Survey Results And Description Of The Bouguer Anomaly Map
The most prominent feature in the middle of the Bouguer anomaly map (Fig. 6), which was
constructed from the 4 gravity profiles, is the discontinuous zone of gravity low, elongated in a nearly
N-S direction. The zone indicates the presence of the postulated fracture zone in the study area (Fig.
6). Immediately to the northwest of the fracture zone a relatively higher anomaly is revealed by the
occurrence of discrete, surface shows of the Arashkol complex granite. Further to the west the
relatively higher anomaly is due to shallow gneisses and amphibolite schists whose presence is
revealed from shallow dry wells.
4.2 Gravity Models
The Bouguer gravity anomaly was used to ascertain the presence of the fracture zone which
was revealed by the presence of a low gravity anomaly trending in a sub-meridional direction. We
tested these qualitative interpretations by modeling the Bouguer gravity anomalies using surface
geological data as a constraint. We found that the available software used (G-model version 2, Lacoste
and Romberge Gravity Meter Inc. Texas 78759, USA) is adequate since the main purpose of the study
is qualitative rather than quantitative. In interpreting the Bouguer anomalies a lateral density contrast
of 0.3g/cm3, between the massive and fractured basement rocks was used. The fractured basement was
assumed to have an average density of 2.5 g/cm3, and the massive basement an average density of 2.8
g/cm3.
Profiles No.1 and 4 were selected for modeling (Fig.7a & b). They show a good fit between
the observed and the computed Bouguer anomaly. The magnitude of the anomaly values ranges from
2.0 to 0 .4 mGal. Both models show the possible presence of a fracture, low-anomaly zone, with an
estimated depth of about 500 m. The distinguishing feature of both models is their similarity and the
irregular boundary they show between the fractured (dotted) and the massive (plain) basement (Fig.
7a&b).
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Fig. 6. Detailed Bouguer Anomaly Map of the Study Area.

mGal

4.3. Vlf Survey Results
The VLF anomaly obtained along profiles 1, 2 and 3 is characteristic of vertical
discontinuities across the profiles. Profiles 1 and 3 were chosen to demonstrate this feature (Fig. 8a &
b). The filtered VLF data are summarized as positive and negative values along the VLF traverses on
Fig.8a & 8b. This agrees with the gravity data along profiles 1 and 4. Good correlations generally exist
between the VLF and the gravity data (Figures 6 and 8).
5. GEOLOGICAL EXPLANATION
The geological interpretation of the geophysical data is illustrated on the sketch geological
map (Fig. 9). The low gravity values over the zone can be attributed to low density rocks resulting
from the fracturing of the gneisses and/or granites in contrast with the massive basement rocks on
both sides of the zone. This gravity anomaly could also be due to the seasonal stream alluvial deposits
covering the bed rock. But field work revealed that the thickness of the superficial deposits is quite
thin (< 3 m), and consequently it is rather unlikely to justify the presence of the anomaly.
The slightly higher anomaly immediately to the west of the fractured zone is due to the
discrete surface shows of granites. Further to the west, the relatively higher anomaly is due to shallow
gneisses and amphibolite schists whose occurrence there is revealed by shallow (<8 m deep) dry,
hand-dug wells into weathered gneisses. Geological mapping (El Nour, 2000) and borehole data in the
vicinity (Salih, 1979) indicate the shallow presence of the gneisses.
6. RECENTLY DETECTED SEISMIC ACTIVITY IN THE STUDY AREA
Before completing this paper, the Sudan Seismic Network (SSN, established in 2002) of the
Geological Survey Authority of Sudan (GRAS) has recorded four seismic events in March and May ,
2004 as shown below in Table (1) with their dates, locations and magnitudes.
The epicenters of these recent seismic shocks lie well within the northerly extension of the
fracture zone which assumes a longitude of approximately 32ْ E in the study area. These recent seismic
events, have no doubt, reinforced the deductions drawn from the geomorphological and remote
sensing observations. Moreover, they support the results obtained from the gravity and VLF
electromagnetic surveys, which together confirm the presence of the fracture zone in the study area.
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Fig. 7a Gravity anomaly profile No. 1

mGal

Fig. 7b Gravity anomaly profile No. 4
Table (1). Recent seismic events along the study area (source: SSN, 2004).
Date
18/3/2004

Local Time
01 18 16

21/3/2004
16/5/2004
16/5/2004

11 01 45
17 30 00
18 21 00

Long.
32ْ 20ﹶ
32ْ 25َ
32ْ 17َ
33ْ 18َ

Lat.
15ْ 12َ

Depth (km)
15

Magnitude
2.9

15ْ 24َ
15ْ 05َ
16ْ 52َ

4.2
3.9
15

2.8
2.9
3.8
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LEGEND
Granite
Gneiss
Part of the fracture zone revealed by geophysical investigations

Fig. (9). Sketch geological map based on geophysical data geological
mapping.
7- DISCUSSION AND CONCLUSIONS
The detailed gravity survey and VLF electromagnetic measurements carried out in the
Arashkol complex area on the channel-fill zone indicated the presence of a fracture zone picked by
that channel. The structure truncates the seasonal tributary khors that once flowed eastwards to join the
White Nile as part of the late Tertiarry – Quaternary Nile valley drainage system. The modeled gravity
and the VLF data combined with field geological mapping successfully indicate the existence of a
youthful meridional to sub-meridional fracture zone, and having a width of at least 1500 m, and a
depth up to 500 m. Landsat imagery clearly reveals the extension of the zone northwards to Qoz Abu
Dulu` Cretaceous sedimentary rift basin (The epicenter of 1996 earthquake) and southwards to Khor
Abu Habil, to the north of Jebel Dumbeir (the epicentre of 1966 and 1993 earthquakes).
The fracture zone is characterized by a local gravity low, whose peak amplitude is lower than
that obtained over the gneisses and slightly lower than that over the discrete, surface exposures of the
granite immediately to the west of the zone. The interpretation of the filtered VLF data correlates well
with the interpreted gravity data. The VLF data successfully identified relatively narrow sectors of
high conductivity suggesting fracturing of bed rocks and detecting the edges of the broad conductive
zone. Therefore, the study reveals good correlations between the VLF and the gravity data. However,
the zone is simply referred to as a fracture zone owing to the lack of rock exposures revealing any
sense of movement or strain. Along its stretch, part of the zone is covered with thin alluvial sediments.
However, the thin nature of the sediments is not likely to explain the gravity anomaly. Additional
geological as well as geophysical data will be needed in order to resolve the nature of the zone under
study and its sub-meridional extension to the north and south of the study area.
The Sudan Seismological Network recorded four seismic shocks in March and May, 2004,
which support the geomorphological and remote sensing observations, as well as the geophysical
surveys which together confirm the presence of the fracture zone in the study area.
Geological and geophysical investigations carried out during the last three decades of the last
century for oil exploration in Sudan revealed the presence of many rift basins filled with CretaceousRecent sediments. Faulting following lithospheric extensions and attenuations has resulted in the
formation of the sedimentary basins of central Sudan, which are regionally linked to the central and
West African early Cretaceous rift systems (e.g. Schull, 1988). That was in turn linked to the opening
of the South Atlantic and the consequent development of the Central African Shear Zone (e.g. Genik,
1992 and Guiraud and Maurin, 1992). The seismic zone map of Sudan earthquakes (Abdalla et al.,
1997) is spatially related to the rift structures in central and southwestern Sudan. It is noteworthy that
Africa has experienced major episodes of rifting since the Proterozoic through the Mesozoic to the
Tertiary-Quaternary times. Examples are the central and west African rift systems of the Jurassic-
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Cretaceous times (e.g. Schull, op.cit.; Bosworth, 1992; Abdullatif, 1993; Ebinger and Ibrahim, 1994)
and the Tertiary-Quaternary rifts of parts of central and east Africa (e.g. the Eocene last phase of
rifting in Bara basin of central Sudan, Wycisk et al., 1990). Consequently, it is believed that the
earthquake movements along the Nile Valley basin in central and southwestern Sudan could possibly
be related to rejuvenation of movement in the fault bounded rift basins.
The Sudan Seismological Network (SSN) is expected to provide good basic data for the
preparation of tectonic maps and seismic risk potentialities. Abdalla et al. (1997) already tried to asses
the seismic hazard and seismic zoning in Sudan. Because of the expected and already under
construction developmental projects along the Nile Basin such as pipelines , bridges, high-rise
buildings and large agricultural schemes, a future code of earthquake -resistant design should be
adopted by design engineers and architects .
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