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The Origin of the Great Bend of the Nile from 
SIR-C/X-SAR Imagery 

Robert J. Stern and Mohamed Gamal Abdelsalam 

The course of the Nile in northern Sudan follows a contorted path through Precambrian 
bedrock. Radar imagery shows that basement structures control the river's course in this 
region. Northward-flowing segments follow Precambrian fabrics, whereas east-west 
segments follow faults of much younger age. These faults may reflect recent uplift of the 
Nubian Swell and deflection of the river to the southwest to  form the great bend of the 
Nile. 

T h e  Nile (6825 km long) ( 1 )  transports 
water from high-rainfall reglolls in Ethiopra 
and ecluatorial Africa across the Sahara 
Desert to Egypt. In northern Sudan, the  
Nile forms a great bend, first flow111g north 
frorn Khartoum, then south\vest for over 
300 kin before rt resumes its northward 
course (Fie. 1 ) .  Bedrock fabrics are an  im- , " ,  

portant colltrol o n  the  course of the  Nile in  
this region (2 ,  3 ) ,  although relations be- 
tween crustal movements and the river's 
course are poorly understood. Here we 
present remote sensing data o n  thrs part of 
the  Nrle, acquired with the SIR-C/X-SAR 
imaging radar system (4)  during two flights 
of the N A S A  space shuttle Endeavor ~n 
1994. These data reveal how bedrock struc- 
tures of different ape control much of the - 
Nile's course. Many of these structures 
could be mapped o n  the ground, but such 
studies have been inhibited bv the  size and 
harsh clrmate of the study area. Other  struc- 
tures are revealed for the  first tlme by the 
radar iinages (5) .  

T h e  evo lu t~on  of the Nile can be traced 
from the  Late Miocene desrccation of the  
Mediterranean Sea (6). L o ~ v e r u ~ g  of the 
hydrologic base level led to the carving of a 
deep canyon [2.5 krn deep beneath Cairo 
( 1  )] and \.igorous stream piracy upstream 
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from As~van.  Reflooding of the  Mediterra- 
nean basin a t  the end of the  Miocene 
drowned this canvon, and sedi inentar~ fill- , . 
ulg of the estuary: produced the broad and 
fertile Nile floodplains north of As\\,an [the 
"Egyptian region" of (7)]. T h e  Cataract re- 
gion of the  Nile extends 1850 kin south 
from the  f ~ r s t  cataract-at Aswan to the  srxth 
cataract just north of Khartoum. Although 
parts of thrs region are occupied by broad 
floodplains, the Nile is rnostly incising its 
challllel into Precarnbriall basement (8) 
(Fig. 1) .  , - 

W e  focused 011 the  third, fourth, and 
fifth cataract stretches. T h e  third cataract 
stretch exte~liis north over basement expo- 
sures from about 19'45'N to Lake Nasser, as 
the  river traverses the Nubran Swell (Fig. 1 
and Fig. 2.4) (9) .  T h e  fourth cataract 
stretch extends SW from the  bend at Abu 
Warned. ~vhere  the  Nile flows over base- 
inent rocks for about 200 kin before Creta- 
ceous sandstones are encountered (Fig. 1 ) .  
T h e  fifth cataract stretch extends NNLV 
from Atbara for over 200 km to Abu 
H a ~ n e d  (Frg. 2B) and 1s entirely over Pre- 
camhriall basement rocks. 

Cataract-region Precanlbrran granitic 
and rnetainorphic rocks (Fig. 1)  (10-12). 
were covered by Cretaceous salldstolles 
(13) affected by 47- to 81-million-year-old 
igneous intrusiolls and lava flo\vs ( 14).  Vol- 
canic fields younger than 15 million years 

ago (Ma)  are scattered across the Bayuda 
Desert (15) .  Pleistocene and younger allu- 
\~ia l  co17er occurs discontinuously along the  
rlver's course. Cataract-region rocks pre- 
ser1.e three sets of planar fabrrcs. T h e  early 
structures formed at about 700 Ma (10,  12) ,  
have NE-SW to E-W orientations and are 
exemplrfied by the Abu Halned and Dam et  
Tor fold-and-thrust belts (Fig. 2B). These 
structures rarely control the course of the 
Nile, probably because they generally do  
not d ~ p  steeply. They are overprinted by the 
younger NNW-trendrng sinistral Abu 
Hamed and Abu Dis shear zones in the east 
(Fig. 2B) (1 2 )  and the N-S trending Akasha 
and Kosha shear zones to the  west (Fig. 
2A) .  These forrued about 600 Ma ( I  6 )  and 
strongly control the  Nile along the  third 
and flfth cataract stretches. There  is no  
el~idence for NW-SE Mesozoic rift struc- 
tures that control much of the  course of the  
Nile in the  central Sudan (1 7). E-W steep, 
normal, or str~ke-slip faults of late Creta- 
ceous or younger age are cornrnon along the  
third cataract stretch. Faults with thrs ori- 
entation are rarely reported from the  Sudan 
(18) but are cornlnoll in southern Egypt 
(19).  Because they affect Cretaceous sedi- 
rnentary rocks, these faults must be Creta- 
ceous and younger rn age. A n  intrusion is 
trullcated by an E-W fault (Fig. 2A) ,  givi~lg 
a n  apparent displacemellt up to the  south. 
-4 siinilar intrusron at Jebel Sheikh (Flg. 
2A) yields a K-Ar isochron age of 90  +- 2 
Ma (20) .  

A t  the start of the  fourth cataract stretch 
do~vnstream from Abu Hained, the river 
follo\vs the northern rnargin of the Abu 
H a ~ n e d  fold-and-thrust belt. Southn~est of 
this, the ri1.e~ follows multiple channels 
controlled by N N E  and E-W fractures (Fig. 
3 ) .  T h e  E-LV portion of the  Nile south of Us 
Island is controlled by a zone of "highly 
crushed granite," whereas the NNE-SSW 
portloll of the  Nile \vest of Us  Isla~ld (Frg. 
3 )  follows easlly eroded dikes and "splin- 
tered granite" (21 ). A recent change rn the  
river's course is deinollstrated by a previous- 
ly unknown paleochannel 25 km long (Fig. 
3 ) ,  lying as rnuch as 10  km north of the  
Nile. A shuttle photograph of the  regloll 
SW of that sho~vn  111 Fig. 3 shows a north- 
flo\ving strearn course, now crossed by the  
Nile. These observatiolls indrcate that the  
course of the  Nrle along the  fourth cataract 
stretch has recently shifted to the south, 
due to relative uplift of adjacent regrons of 
the  Nubian swell. NNE and E-LV structural 
colltrols cannot be inferred froin the  course 
of the  paleochannel, and Lve infer that frac- 
turing accompanied or followed tectonic 
uplift. T h e  Nile In Egypt has had dramatic 
changes in f lo~v regime during Quaternary 
time ( 1 ,  22).  These are generally ascribed to 
cliruatic changes in Ethiopia and equatorial 
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P ' r  :,x g;i-%; I: 

ductile fabric ,: : 

Fig.1 ~.Geologica lmapof theCataract regionof theNi le .~ 1 d i n s m s a s s m p l l i a t e r m s p s p a r * l e c l k 1 8 8 8 b y t h e ~  
ResearchAuthorityoftheSudanendRobertson~.StNchnrdtrends 
are based on intetpdata of an SIRC/X-SAR mosaic that armprises data 
takesSRL-1 50.4,66.5,82.42,130.4, and 146.4, and St-282.42. h a -  

g. tions of Fg. 2, A and 6, and FQ. 3 am with dashes. Rg 2 
(tight). structwalfeaturesafthethird(A)andfffth(B)cataract~chesof 

is based on data takes SRL-1 130.4 and 146.4. KSZ. Kosha shear zone: 

Africa (23). Our data suggest that tectonic marine sediments of Lower Tertiary age in Swell diverted the Nile to form the great 
activity in the cataract region may also northern Sudan south of the Nubian Swell bend. In this case, E-W faults in northern 
have affected the hydrologic regime of the indicates that this was not a positive tec- Sudan and southern Egypt may be of late 
Nile during the Quaternary. tonic element at that time (28). We thus Cenozoic age and reflect Nubian Swell up- 

The fifth cataract stretch ( I  2) of the Nile suggest that recent uplift of the Nubian lift. This hypothesis also explains the prox- 
follows structures associated with the bound- 
ary between the Nile craton and the Arabi- 
an -~ub ian  Shield (Fig. 4A). These struc- 
tures continue north of Abu Hamed (24), 
yet the Nile turns away to form the great 
bend. The course of the Nile in Egypt also 
approximates the Late Precambrian conti- 
nental margin (25), and this structure might 
be expected to control the Nile north from 
Atbara all the wav to the Mediterranean. 

The great bend must be due to relative 
u~ l i f t  of the Bavuda Massif or Nubian Swell 
o; both, and & is generally thought that 
uplift of the Bayuda is responsible (3, 26). If 
so, the Nile should have been diverted away 
from the Bayuda to the east or north. In- 
stead, the Nile follows a well-established 
course through the fifth cataract region to 
the east. and the diversion in the fourth 
cataract area is to the south. The Nubian 
Swell is interpreted as a late Paleozoic uplift 
(27), although the E-W faults reported here 
require a much younger age for some tec- 
tonic activity. Furthermore, the presence of 

Fig. 3. Fourth cataract 
stretch of the Nile. (A) 
Color composite of data 
take SRL-1 66.5: l/Ch, 
(red), 1/L, (green), and 
l/Lhh (blue). The wave- 
length of the C band is 6 
cm, whereas that of the 
L band is 24 cm. The ab- 
breviation hv describes 
polarized radar waves 
that are horizontally 
transmitted and vertically 
received, and hh refers 
to radar waves horizon- 
tally transmitted and hor- 
izontally received. (B) In- 
terpretation of the SIR- 
C/X-SAR image in (A). 
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Fig. 4. A model explan- 
ing the Quaternary evo- 
uton of the Nile and the 
formation of the great 
bend. (A) The N~le in N u -  
b~a comprises two north- 
flow~ng branches that 
follow Precambr~an fab- 
rlcs. The maln, eastern 
branch flows along the 
Late Precambrian suture 
between the older Nile 
craton to the west and 
the juvenile crust of the 
Arabian-Nubian Sh~eld 
to the east. The western 
branch follows a fabric of 
similar age and or~enta- 
tion. (B) Upft along an 
E-W axs to form the Nu-  
b~an Swell dlverts the 
eastern branch of the 
Nile to flow SW to con- 
nect with the western 
branch of the Nile. Wadi 
Gabgaba represents the 
abandoned course of 
the eastern branch. 

Early Pleistocene Recent 

', Boundary between the N ~ l e  Craton 0 Basement high and the Arablan-Nubian Shield 

irnity of the Gabgaba-Nile drainage divide 
to the Nile (Fig. 1): We suggest that before 
Nubian Swell uplift, the drainage now flow- 
ing along the fifth cataract stretch contin- 
ued north through what is now Wadi Gab- 
gaba (Fig. 4A). Quaternary uplift diverted 
the Nile to the west, through the fourth 
cataract region, perhaps to join a tributary 
to the west (Fig. 4B), an interpretation that 
is consistent with the inference that the 
fourth cataract stretch of the Nile has only 
been established since the early Pleistocene 
(2 ) .  Uplift of the Nubian Swell continued 
to deflect the Nile to the south along the 
fourth cataract stretch. 
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lnterplane Tunneling Magnetoresistance 
in a Layered Manganite Crystal 

T. Kimura, Y. Tomioka, H. Kuwahara, A. Asamitsu, 
M. Tamura, Y. Tokura 

The current-perpendicular-to-plane magnetoresistance (CPP-MR) has been investigat- 
ed for the layered manganite, La2-,,Sr, +,,Mn20, (x = 0.3), which is composed of the 
ferromagnetic-metallic MnO, bilayers separated by nonmagnetic insulating block layers. 
The CPP-MR is extremely large ( lo4 percent at 50 kilo-oersted) at temperatures near 
above the three-dimensional ordering temperature (T, - 90 kelvin) because of the 
field-induced coherent motion between planes of the spin-polarized electrons. Below T,, 
the interplane magnetic domain boundary on the insulating block layer serves as the 
charge-transport barrier, but it can be removed by a low saturation field, which gives rise 
to the low-field tunneling MR as large as 240 percent. 

T h e  discovery of the giant magnetoresis- technology. A varlety of the GMR struc- 
tance (GLIR) in magnetic multilayers ( 1 ) .  tures have so far been ~nvestigated, such as 
has stimulated much interest in relating antiferroinagnetically coupled multilayers 
spin polarization-dependent transport phe- ( 2 ) ,  granular flllns ( 3 ) ,  spin valve (4), and 
nomena from the viewpoints of both the tunneling structures (5). In these structures, 
underlying physics and their immediate ap- the effects of spln-dependent electron scat- 
plication to magnetic storage and sensor terlng have been assigned to the f~tndamen- 
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