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Abstract The first U - P b  zircon ages are reported for 
the gneissic bedrock inliers previously interpreted as part 
of the Nile Craton. The inliers crop out in the Egyptian 
Western Desert, east of the Uweinat area and west of the 
Eastern Desert. Multi- and single-grain zircon analyses of 
granitoid gneiss and migmatite from Gebel Um Shagir, 
Aswan, and another locality approximately 160km 
south-west of Aswan, yield simple discordia with near 
modern day Pb loss trajectories, and the following 
Neoproterozoic crystallization ages: 626 + 4 / -  3, 
634 __ 4 and 741 _+ 3 Ma. In contrast, multi- and single- 
grain U - P b  analyses (zircon and sphene) from an 
anorthositic gabbro at Gebel Kamil (22 ° 46'N 26 ° 21' E) 
and an anorthosite at Gebel E1 Asr (22 ° 46'N 31 ° 10' E) 
yield Archean and Paleoproterozoic emplacement ages. 
The former yield a crystallization age of > 2.67 Ga and 
a metamorphic age of ~ 2.0 Ga; the latter a metamorphic 
age of 0.69 Ga and an inheritance age of 1.9-2.1 Ga. 
Because high grade gneiss and migmatite of Neoprotero- 
zoic, Paleoproterozoic and Archean age crop out west of 
the Nile, pre-Neoproterozoic crust should no longer be 
identified by its metamorphic grade. By contrast, map- 
ping the anorthosite and related rocks might provide 
first-order estimates for the extension of pre-Neoprotero- 
zoic crust in north-east Africa. It is suggested that 
Archean and Paleoproterozoic crust of the Uweinat and 
Congo Craton are contiguous because these U - P b  
(zircon) data show no evidence for a Neoproterozoic 
thermal overprint in the Gebel Kamil area and there is no 
pronounced Neoproterozoic magmatic activity south of 
the Uweinat inlier and north of the Congo Craton. 

M. Sultan (~) - R. D. Tucker 
Washington University, Department of Earth and Planetary Scien- 
ces, St Louis, MO 63130, USA 

Z. E1 Ally 
Egyptian Geological Survey and Mining Authority, 3 Salah Salem 
Street, Cairo, Egypt 
R. Attia. Abdel Ghany Ragab 
Ain Shams University, School of Science, Department of Geology, 
Abbassia, Cairo, Egypt 

Key words Archean Paleoproterozoic 
Desert. Anorthosite - U - P b  (zircon) ages 

Western 

Introduction 

Neoproterozoic (550-900 Ma) volcanosedimentary 
rock units crop out along the Red Sea coast in Egypt, 
Sudan, Ethiopia and Saudi Arabia. The outcrops consist 
largely of low-grade greenschist fades, arc-related succes- 
sions and interleaving belts of ophiolitic rocks, collective- 
ly known as the Arabian-Nubian Shield (ANS). Accre- 
tionary models for the ANS assume that an eastern 
(present day directions) complex of island arcs and 
intervening oceanic basins assembled and accreted 
against the Nile Craton in Neoproterozoic time. Areas 
identified as part of the Nile Craton are composed largely 
of migmatite, gneiss, charnockite and granulite primarily 
of quartzofeldspathic composition, with minor intercala- 
tions of quartzite, marble, calc-silicates and amphibolite 
(Klerkx, 1980; Schandelmeier et al., 1987; 1988). 

Aside from differences in composition and metamor- 
phic grade, the bedrock east and west of the River Nile are 
also different isotopically. Rocks west of the Nile have old 
depleted mantle model ages (TDM) (Nelson and Depaolo, 
1985), whereas to the east young model ages are present. 
For example, an orthogneiss from Bir Safsaf and two 
migmatites from Gebel E1 Asr have (TDM) model ages of 
1.55, 1.94 and 2.65 Ga, respectively, and seven granitic 
gneisses from southern Egypt and northern Sudan, west 
of the River Nile, yield (TDM) model ages ranging from 1.6 
to 2.6 Ga (Schandelmeier et al., 1988; Harms et al., 1990). 
These old model ages contrast with younger model ages 
(0.54-0.75 Ga) measured for samples from the Eastern 
Desert of Egypt and the Red Sea Hills of Sudan (Fig. 1) 
(Pegram et al., 1980; Sultan et al., 1990; Stern and 
Kr6ner, 1993). In addition, the initial Pb isotopic compo- 
sitions of alkali feldspar from Neoproterozoic granitic 
rocks in the Eastern Desert define two geographical 
provinces: samples closest to Aswan (G. E1 Hudi, Aswan, 
Wadi Mariya; Fig. 1) are more radiogenic (initial 
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Fig. 1. Distribution of Archean-Paleoproterozoic and Neoprote- 
rozoic outcrops in north-east Africa. Also shown is the inferred 
boundary (Dixon and Golombek, 1988; Abdelsalam and Dawoud, 
1991) between terranes formed largely of Archean- Paleoprotero- 
zoic crust (west) and areas formed mostly of Neoproterozoicjuvenile 
crust. Deviations (indicated by double-headed arrow) from the 
boundary were exemplified by the discovery of a suture zone in 
northern Sudan that extends to areas previously identified as being 
part of the Nile Craton (Schandelmeier et al., 1993). Note that the 
boundary projects southward along the eastern margin of the Congo 
Craton. Lower right: inset showing distribution of cratons and 
selected mobile belts within Africa 

2°7pb/2°4Pb = 15.611--15.629) than samples from the 
east that display near-model mantle Pb isotopic composi- 
tions (Sultan et al., 1992). The large variations in Nd 
model ages and Pb isotopic compositions may indicate 
the presence of juvenile Neoproterozoic crust in the east 
and older crust in the west. Alternatively, the isotopic 
variations may indicate extensive assimilation by Neo- 
proterozoic magmas of large amounts of older crust west 
of the River Nile. Reliable geochronological data are 
needed to differentiate between these interpretations. 

Published isotopic ages, mostly utilizing whole rock 
Rb/Sr data, have established that the ANS formed 
between 900 and 550 Ma with little or no interaction with 
older crust. In contrast, the gneissic terrane west of the 
Nile is largely unexamined because of its inaccessibility 
and extensive Phanerozoic sedimentary cover. Pre-Neo- 
proterozoic crust was documented in the Uweinat area 

(Fig. 1), about 600 km west of the exposed ANS. Whole 
rock Rb/Sr isochron ages for granulites (Karkur Murr 
series) from the Uweinat area and for anatectic granites 
and tonalites (Ayn Daw series) from the same area yielded 
2656 _+ 71 and 1836 + 43 Ma ages, respectively (Klerkx, 
1980; Cahen et al., 1984). Attempts to date other gneisses 
east of Uweinat using the Rb/Sr whole rock technique did 
not yield meaningful isochrons because of the extreme 
compositional heterogeneity of the gneisses (Stern et al., 
1994), or possibly because the isotopic system was 
partially reset by Neoproterozoic metamorphic event(s) 
(Schandelmeier et al., 1987). Other Rb/Sr analyses yield- 
ed Neoproterozoic (562- 918 Ma) errorchrons; the Neo- 
proterozoic ages were interpreted as resetting ages 
(Harms et al., 1990). 

Although no pre-Neoproterozoic crust has been re- 
ported east of the Uweinat, Archean and Paleoprotero- 
zoic crust is assumed to extend as far east as the River Nile 
(e.g., Dixon and Golombek, 1988). In this manuscript, we 
provide the first U - P b  (zircon) data from the gneissic 
terrane of the Western Desert of Egypt from Gebel Kamil, 
Gebel E1 Asr, Aswan, south-west Aswan and Gebel Um 
Shagir (Fig. 1). Our objective was to sample the major 
gneissic rocks west of the River Nile for U -  Pb geochro- 
nology to understand the principle ages of the old 
cratonal rocks and to address the areal extent, assembly 
and evolution of the Nile Craton and adjoining terranes. 
Conventional U - P b  (zircon) geochronology holds the 
best promise for deciphering the distribution of crustal 
age provinces and for deciphering the tectonothermal 
history of the gneissic terrane of south-west Egypt. 

Geological setting 

Inliers of basement in the Western Desert include Gebel 
Kamil, Bir Safsaf, Gebel E1 Asr and Gebel Um Shagir 
(Fig. 1). We sampled a gabbroic anorthosite (78% pla- 
gioclase; 22% hornblende, chlorite and opaque phases) 
from Gebel Kamil (~  500 km west of the Nile) and an 
anorthosite (93% plagioclase; 7% hornblende) from 
Gebel E1 Asr (~  100 km west of the Nile), where field 
relations suggest that they are among the oldest units 
which can be dated. Our field observations in the Gebel 
Kamil and Gebel E1 Asr areas and published field and 
P -  T estimates (Bernau et al., 1987; Schandelmeier et al., 
1987) reveal similarities with Archean high grade terranes 
elsewhere. The rock units are conformable, the metamor- 
phic grade is upper amphibolite to granulite facies, 
quartzo feldspathic gneiss forms approximately 60 -  70% 
of the region and supracrustal rocks, including magnetite 
banded iron formations, and layered igneous complexes 
are common. The layered igneous complexes include 
pyroxenite, gabbro, leucogabbro and anorthosite. Within 
the complexes, gabbroid rock units are closely intermixed 
with, and grade into, anorthositic units. Anorthosites are 
common in Gebel E1 Asr, whereas in Gebel Kamil 
gabbroid rock units are dominant with only minor 
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Table 1. Whole rock major and trace element data, gneissic terrane 

RT-WD-4 RT-Z-2 RT-Z-1 RT-Z-5 RT-Z-7 
Gebel Gebel Gebel Um SW Aswan 
Kamil E1 Asr Shagir Aswan 

SiO2 51.9 48.79 75.0 71.03 70.4 
TiO2 0.563 0.123 0.148 0.243 0.498 
A1203 22.0 28.57 13.8 15.65 14.46 
Fe203 6.48 2.7 1.081 2.65 3.14 
MnO 0.07 0.044 0.025 0.077 0.033 
MgO 2.73 2.05 0.26 0.911 0.79 
CaO 9.92 14.24 1.17 4.09 1.97 
Na20 4.52 2.77 3.74 4.08 3.33 
K20 0.81 0.286 4.88 1.03 4.66 
P205 0.08 0.0 0.049 0.11 0.13 
LOI 0.95 0.26 0.29 0.28 0.63 

Total 100.023 99.83 100.44 100.15 100.04 

Ba 258___15 134+_7 512,.4_11 284+__9 1774,.4,18 
Rb 23 ,.4- 2 3.9 ,.4- 0.9 140 ,.4- 1 14.4 ,.4- 0.7106 ,.4- 1 
Sr 605 -4- 2 302 ,.4- 1 100 ___ 1 364 -.4- 2 1774 _ 17 
Nb 2.4 -.4- 0.7 n.d. 11.5 _+ 0.5 1.2 _+ 0.6 13.4 -.4- 0.6 
Zr 51 -.4- 1 13.4 ,.4- 8 117 ,.4- 1 61 _+ 0.8 343 -.4- 1 
V 100 -.4- 3 29 ,.4- 2 3 ,.4- 2 26 ,.4- 2 24 ,.4- 2 
Co 31.9 ,.4- 0.3 11.98 ,.4- 0.12 7 + 2 3.6 + 1.8 5 -.4- 2 
Ni 70 -.4- 18 48 -.4- 9 3 ,.4- 1 0.0 6 ,.4- 2 
Ga 19.9 ,.4- 0.9 15.3 ,.4- 0.8 18 ,.4- 1 14.7 ,.4- 0.718.3 ,.4- 0.8 
Pb 16.3 ,.4- 2.6 n.d. 22 ,.4- 2 n.d. 11 ,.4- 2 

Ba, Rb, Sr, Nb, Zr, V, Co, Ni, Ga and Pb in ppm; rest in wt. %. 
Analyses were by X-ray fluorescence or INAA. Analytical uncer- 
tainties of the procedures are as follows (one standard deviation, 
percentage relative to reported values): < 1%, SiO2, A1203, Fe203, 
CaO, K20; 1-5%,  TiO2, Na20; 5-15%, MnO, MgO; and 
15-20%, P205. 

intercalations Of anorthosite. The layered complexes 
cover approximately 200 and 400 km 2 in Gebel E1 Asr 
and Gebel Kamil,  respectively. Post-tectonic granodiorite 
and K-rich granite are ubiquitous within the Gebel E1 Asr 
area, but they are typically absent in the Gebel Kamil  
area. We collected an anorthosite f rom Gebel Kamil  and 
a gabbroic anorthosite f rom Gebel E1 Asr. Both samples 
are fine- to medium-grained (typically 2 to < 1 mm), 
weakly banded and exhibit a well developed granoblastic 
texture. 

The dominant  rock types in Aswan, south-west Aswan 
and Gebel U m  Shagir include migmatite,  gneiss and 
migmatitic gneiss; post-tectonic granitic intrusive bodies, 
dikes, and sills are also common.  We collected a granitic 
migmatite f rom Gebel U m  Shagir area and a granite 
gneiss f rom an outcrop south-west of  Aswan. Another  
granite gneiss was collected f rom within Aswan city. No 
post-tectonic plutons were sampled. 

Samples f rom Aswan, south-west Aswan and Gebel 
U m  Shagir are fine- to medium-grained biotite granite 
(quartz, orthoclase, plagioclase _+ microline, perthite, 
hornblende, chlorite, sphene and opaque phases). Two 
(RT-Z-1, RT-Z-5) of  the three samples contain garnet. 
A biotite granite gneiss (RT-Z-7) was collected f rom an 
old quarry within Aswan city in the vicinity of  the 
unfinished obelisk. With the exception of  a few felsic 
dikes, the biotite gneiss was the only rock type exposed in 

the quarry and in patchy outcrops nearby. Another  
biotite granite gneiss (RT-Z-5) was collected f rom an 
outcrop south-west of  Aswan. The outcrop is 160 km 
f rom Aswan measured along the Aswan/Abu-Simbel  
asphalt  road and 20 km east of  the road. Low-lying hills 
( 1 5 -  20 m high) trend e a s t - w e s t  over an area 3 x 5 km 
wide. Granite  gneiss is the dominant  ( ~  60% of  the 
outcrop) rock type; migmatites are less common.  A grani- 
tic migmati te  (RT-Z-1) was collected 7 - 8 km to the east 
of  Gebel U m  Shagir. Crystalline basement crops out over 
an area 30 x 15 km wide. Composit ional  banding within 
the migmatite ranges f rom millimetres to centimetres in 
thickness. Migmatite,  gneiss and post-tectonic intrusions 
are dominant  with minor  intercalations of  amphibolite,  
calc-silicate rock and marble (Bernau et al., 1987). Whole 
rock major  and trace element composit ions for the 
samples f rom Aswan, south-west Aswan and U m  Shagir 
samples are given in Table 1. 

Experimental techniques 

Rocks were pulverized and sieved to a fine powder 
( <  70 ~tm) and separated into their mineral constituents 
by standard techniques. Selection of  submilligram mine- 
ral fractions was carried out by hand-picking, with care 
taken to select only those grains devoid of  inclusions and 
foreign minerals. Between 20 and 50 grains of  clear, 
crack-free zircon comprised the average fraction, and all 
grains were strongly polished in an air-abrasion mill to 
reduce discordance and minimize ambiguity of  the iso- 
topic age. 

Zircon was dissolved in a concentrated H F  and HNO3 
acid solution after adding a trace amount  of  a mixed 
2°Spb-235U tracer solution. Extraction of  U and Pb 
f rom zircon followed the method of  Krogh (1973) but was 
performed in miniaturized exchange columns scaled 
down to one-tenth the published resin volume. Extraction 
of  Pb and U from sphene was performed on a 3 ml 
ion-exchange column using a modified version of  the 
procedure described by Corfu (1988). For  common  Pb 
values below 8 pg, we assigned the isotopic composit ion 
of  the laboratory blank (2°6pb/2°4pb = 18.3; 
2°8pb/2°6pb = 2.056), whereas common Pb in excess of  
8 pg was given an isotopic composit ion calculated f rom 
the Stacey and Kramers  (1975) growth curve at the 
indicated age of  the rock. Zircon analyses were corrected 
for 0.5 pg of  U blank; sphene analyses were corrected for 
5 pg of  U blank. 

Mass spectrometry was performed on a VG 354 
thermal ionization mass spectrometer at the Geochrono-  
logy Labora to ry  at the Royal  Ontario Museum. Pb and 
U were loaded together onto Re filaments with silica gel 
and phosphoric  acid and measurements were made by the 
peak-hopping method using the Daly collector. The Daly 
mass discrimination factor has been continously moni-  
tored and has remained constant at 0.38 + .02/AMU 
over a period of  several years and the correction for 
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thermal mass fractionation is 0.13%/AMU. Errors quo- 
ted in Table 2 include measurement uncertainties and 
uncertainty in the instrumental mass fractionation calcu- 
lated after the method of Ludwig (1980). Decay constants 
and isotopic abundance ratios are those of Jaffey et al 
(1971) as recommended by the IUGS Subcommission on 
Geolochronology (Steiger and J/iger, 1977). 

Fresh samples weighing 2 to 5 kg were collected, 
crushed and pulverized to less than 170 mesh using a Spex 
Shatterbox with an alumina mortar. All reported whole 
rock major and trace element compositions were deter- 
mined using an automated Siemens SRS-2000 X-ray 
spectrometer at Washington University. The accuracy 
and precision of the method were monitored by including 
masked standards with each run of samples. 

Plagioclase analyses were performed using a fully 
automated JEOL 733 Superprobe with three wavelength- 
dispersive spectrometers. An accelerating voltage of 15 
kV and a current of 2 0 - 5 0  nA were the standard 
operating conditions. Natural mineral standards were 
used for calibration and to monitor the accuracy and 
precision during data acquisition. 

Geochronological data 

Analytical results for the Gebel Kamil and E1 Asr samples 
are presented in Table 2 and portrayed in Figs 2 and 3, 
respectively; results for the Aswan, south-west Aswan 
and Gebel Um Shagir samples are given in Table 2 and 
illustrated in Fig. 4. All error ellipses are shown at the two 
sigma confidence level and linear regressions were carried 
out using the program of Davis (1982). Age errors are 
given at the 95% confidence level. 
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Fig. 2. Concordia diagram of U - P b  isotopic data for a gabbroic 
anorthosite from Gebel Kamil. Data points are numbered as in 
Table 2 
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Fig. 3. Concordia diagram of U -  Pb isotopic data for an anortho- 
site from Gebel El Asr. Data points are numbered as in Table 2 
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Fig. 4. Concordia diagram of U - P b  isotopic data for a migmatite 
from Gebel Um Shagir, a granite gneiss from south-west Aswan and 
another from Aswan. Data points are numbered as in Table 2 

Gebel Kamil (RT-WD-4) 

Most zircons in the Gebel Kamil anorthosite are clear, 
equant and multifaceted crystals, approximately 
150-  75 gm in diameter. A few (<  10%) are pale pink to 
pale brown in color, subrounded and subhedral in habit 
and approximately 200 ~tm in diameter. Two single-grain 
analyses (Nos. 1, 2; Table 2, Fig. 2) of colored zircon yield 
identical 2 ° 7 p b / z ° 6 p b  ages of 2 629 + 3 Ma; three multi- 
grain fractions (Nos. 5 -  7; Table 2, Fig. 2) and two single 
grains (Nos. 3, 4; Table 2, Fig. 2) of the clear zircon type 
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define a discordia with an upper intercept age of 2063 
+ 8 / -  7 Ma and a poorly defined Neoproterozoic lower 
intercept age. The five analyses (Nos. 3 - 7 ;  Table 2, 
Fig. 2) are 0.3, 1.9, 6.5, 14.1 and 22.9% discordant, 
respectively, and fall on a line with a 37% probability that 
scatter is due to measurement error alone. Two multigrain 
fractions (Nos. 8, 9; Table 2, Fig. 2) of euhedral sphene 
yield a concordant age of ca. 1947 Ma. 

Two interpretations for the zircon data for Gebel Kamil 
are possible: (1) the rock is an Archean gabbroic anortho- 
site, metamorphosed in the Paleoproterozoic (2 063 Ma for 
the time of zircon growth and 1947 for the time of sphene 
formation), or (2) the rock is a Paleoproterozoic (2 063 Ma) 
gabbroic anorthosite, with inherited, xenocrystic Archean 
zircon (2 629 Ma), metamorphosed at 1947 Ma. In inter- 
pretation 1 above, the minimum and maximum ages of 
emplacement are 2 629 Ma and 2 741 Ma, respectively. The 
minimum age of emplacement is obtained from the 
2°Tpb/2°6pb ages of analyses 1 and 2, which are 2 630 and 
2 628 Ma, respectively. The maximum age was defined by 
the upper intercept of a discordia extrapolated from the time 
of metamorphism (2 063 Ma) through analyses 1 and 2. In 
interpretation 2, the age of emplacement (2063 Ma) is the 
upper intercept ofa discordia defined by analyses 3 - 7. The 
minimum age of inherited zircon is ca. 2629 Ma, the 
2°Tpb/2°6pb age of analyses 1 and 2. We prefer interpre- 
tation 1 for two reasons: (1) anorthosite rarely contains 
xenocrystic zircon and (2) the morphology, low U abun- 
dance ( 5 - 2 7  ppm) and low model Th/U ratio (Th/U 
-= 0.02-0.1) of the clear zircons are consistent with 
a metamorphic origin (Percival and Krogh, 1983; Corfu, 
1988; Kamo and Davis, 1994). Because Th is not readily 
soluble in aqueous fluids, zircons that crystallize from 
a metamorphic fluid will usually show fairly low Th/U 
values. 

Gebel E1 Asr (RT-Z-2) 

Four multi-grain (Nos. 12-15 ;  Table 2, Fig. 3) and two 
single zircon analyses (Nos. 10, 11 ; Table 2, Fig. 3) from 
Gebel E1 Asr anorthosite define a wedge-shaped array 
with a Neoproterozoic (ca. 689 Ma) lower intercept age 
and a range of Paleoproterozoic (1922-2141 Ma) upper 
intercept ages (Fig. 3). The 2°Tpb/2°6pb ages for the 
zircon analyses range between 1924 and 869 Ma, and two 
multi-grain sphene analyses (Nos. 16, 17; Table 2, Fig. 3) 
define a mean age of 604 +_ 5 Ma. As with Gebel Kamil, 
the dominant zircons in the Gebel E1 Asr sample are 
equant, multifaceted, and low in Th relative to U, 
suggestive of a metamorphic origin. Five (Nos. 11-15;  
Table 2, Fig. 3) of the six zircon analyses define a discor- 
dia that intersects concordia at 689 and 1922 Ma with 62, 
86, 91, 95 and 97% discordance, respectively. A line 
through the 689 Ma lower intercept and the sixth zircon 
analysis (No. 10; Table 2, Fig. 3) intersects the concordia 
at 2141 Ma. Moreover, the most discordant zircon 
analyses with the oldest 2°TPbf°6pb ages have the 
highest Th/U ratios (Th/U = 0.3-0.5)  compared with 
the zircon fractions with younger 2°Tpb/2°6pb ages 

(Th/U = 0 .08-  0.1), suggesting that the most discordant 
analyses have the largest component of inherited igneous- 
type zircon cores (Fig. 3). 

The Gebel E1 Asr zircon array is therefore interpreted 
as a mixture of: (1) inherited zircon with minimum ages 
ranging from 2.1 to 1.9 Ga and Th/U ratios consistent 
with an igneous origin and (2) younger metamorphic 
zircon (with depleted Th/U ratio) dated at 689 Ma. 
Because there is considerable scatter in the data (Fig. 3), 
a more complex interpretation is possible, For example, 
such scatter could occur if the Gebel E1 Asr anorthosite 
witnessed two or more metamorphic events: (1) the 
1.9-2.0 Ga metamorphic event(s) detected at Gebel 
Kamil, and (2) Neoproterozoic event(s) detected from the 
zircon data (689 Ma) and sphene data at Gebel E1 Asr. 
The multi-grain sphene analyses yield an age of 
604 +_ 5Ma best interpreted as the age of the last 
metamorphic event in Gebel E1 Asr area. The complex 
metamorphic history that we advocate implies an older 
emplacement age, a suggestion that is supported by the 
calcic nature of the plagioclase (An content = 70-81)  
typical of Archean anorthosites and is consistent with the 
S m - N d  data. The initial whole rock eNa = -6 .1  at 
690 Ma and S m - N d  depleted mantle model age [TDM] 
(Nelson and De Paolo, 1985) is 2845 Ma (caption of 
Table 2). 

South-west Aswan granite (RT-Z-5) 

This granite yielded a moderate amount of zircon grains 
which range from equant and subrounded to long and 
subrounded. They are typically colorless, and most grains 
in the least magnetic mineral fraction are crack-free with 
no obvious sign of inherited cores or younger over- 
growths. 

Five small fractions of zircon were analyzed; each 
fraction consisted ofiess than 40 grains and the weight of 
each fraction was between 62 and 25 gg. One analysis is 
concordant at ca. 743 Ma, and if regressed with the four 
other slightly discordant analyses an emplacement age of 
741 _+ 3 Ma is indicated (Fig. 4). 

Aswan City (RT-Z-7) 

This granite gneiss yielded a rich population of small 
(< 150 gm) long-prismatic and needle-like zircon 
(length/width > 4); fewer short-prismatic grains are also 
present. All morphological types are generally clear and 
colorless and they are best interpreted as comprising a single 
igneous population. Two small fractions of needle-like 
zircon, together with a fraction of short-prismatic grains, 
form a collinear array with 1 .5-2 .5% discordance 
indicating an emplacement age of 634 +_ 4 Ma (Fig. 4). 

Gebel Um Shagir (RT-Z-t) 

This granite gneiss yielded a moderate amount of zircon, 
dominantly of the long-prismatic variety, with rounded 
tips and aspect ratios in excess of five. Four analyses of 
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colorless needle-like zircon indicate an emplacement age 
of 626 + 4 / - 3  Ma (Fig. 4). All analyses are slightly 
discordant, having experienced 2 - 9 %  Pb loss, probably 
because of their moderately high U abundances and 
resultant radiation damage. 

Discussion 

Anorthosites occur within Archean high grade terranes, 
Proterozoic (massif-type) anorthosite, less often, in layer- 
ed mafic intrusions, within ophiolitic sequences, or as 
inclusions within igneous rocks (Ashwal, 1993). Two lines 
of evidence suggest that the anorthosite from Gebel E1 
Asr and the gabbroic anorthosite from Gebel Kamil may 
be of Archean age. Firstly, the Gebel Kamil gabbroic 
anorthosite is shown to have an Archean zircon compo- 
nent with a minimum crystallization age of 2.67 Ga. 
Although the oldest zircons from Gebel E1 Asr fall on 
hypothetical mixing lines to minimum ages of 2.1 and 
1.9 Ga, an Archean emplacement age cannot be ruled out 
(see above). Secondly, plagioclase from Gebel E1 Asr is 
fairly calcic (An content 7 0 -  81), as is the case with many 
Archean anorthosites elsewhere. Plagioclase from Gebel 
Kamil has been extensively ( ~  40%) altered to epidote 
that lowers the An component of the plagioclase on its 
formation. This explains why plagioclase from Gebel 
Kamil does not display typical Archean An contents but 
rather has a value of An 4 6 -  54. 

The age groupings reported in the previous section 
correspond to compositional variations. Neoproterozoic 
samples are K-rich granites, whereas the Archean to 
Paleoproterozoic samples are anorthositic in composi- 
tion. These results and our field observations indicate that 
pre-Neoproterozoic anorthosite and related rocks occur 
west of the Nile. Because many anorthosites world-wide 
are Archean to Mesoproterozoic ir~ age (Ashwal, 1993), 
mapping their distribution in north-east Africa might give 
first-order estimates for the extension of the pre-Neopro- 
terozoic crust in this area. 

Differences in composition, metamorphic grade and 
isotopic affinities between the ANS and the gneissic 
terrane were used to outline the approximate location of 
the boundary between the Nubian Shield and the Nile 
Craton. As described earlier, the River Nile separates to 
a first approximation high grade gneisses and migmatites 
in the west from low grade volcanosedimentary arc 
terranes to the east. Our results indicate that the terrane 
west of the River Nile consists of high grade gneisses and 
migmatites that are either Neoproterozoic, Paleoprotero- 
z0ic or Archean in age. Before our work all of the high 
grade gneisses and migmatites would have been generally 
considered as being of pre-Neoproterozoic age. The 
presence of high grade gneisses should be no longer used 
as a criterion for defining areas that are of pre-Neoprote- 
rozoic age. 

A north--south trending boundary that broadly fol- 
lows the River Nile (longitude 34 ° ) was found to separate 
areas with low initial 87Sr/S6Sr and 2°Tpb/2°4pb and 

positive end values to the east from areas with high initial 
87Sr/86Sr and 2°7pb/2°4Pb and negative eNa values to the 
west. The former areas were assumed to be underlain by 
Archean and Paleoproterozoic crust, the latter by juvenile 
Neoproterozoic crust (Dixon and Golombek, 1988). 
Whereas the Pb, Nd and Sr data provided first-order 
understanding of variations in the isotopic compositions 
of crustal provinces in north-east Africa, inferences from 
these data regarding the precise location of the boundary 
should be considered with caution. We cite four reasons 
for our concerns. Firstly, large variations in the eNa values 
and initial Pb isotopic compositions could indicate older 
crust in the west and younger crust in the east, but they 
may also be explained by variations in the amounts of 
recycled older crust. Secondly, many areas, especially to 
the south, are poorly sampled. Thirdly, the boundary 
between the ANS and the older crust was defined using 
arbitrary cutoff values for the initial Sr, Nd and Pb 
isotopic compositions. Varying these values would shift 
the boundary fiom its present location. Fourthly, there 
could be detached fragments of the Nile Craton, now 
embedded in Neoproterozoic crust. For example, Gebel 
E1 Asr could be a detached fragment from the Uweinat 
inlier. Failure to identify these fragments complicates the 
identification of the boundary location. Given these 
uncertainties, we suspect that the boundary is likely to be 
irregular, occasionally deviating from the straight line 
advocated by Dixon and Golombek (1988). We note, for 
example, the recent discovery of a suture zone in northern 
Sudan that extends to areas previously identified on the 
basis of geological and isotopic data as being part of the 
Nile Craton (Schandelmeier et al., 1993). The boundary is 
here redefined as a zone that is formed largely of 
remobilized, remelted, reworked or intact Archean to 
Late Proterozoic crustal components, which separates 
areas largely made of juvenile Neoproterozoic rocks 
(east) from intact older crust (west). 

In a deviation from tectonic models that treat the 
terrane west of the Nile as a craton, Black and Liegois 
(1993) suggest that this area experienced °decratoniza- 
tion' during the Neoproterozoic. They propose that the 
Nile Craton lost its thick mechanical boundary layer and 
was thus subject to hot asthenospheric upwellings which 
left behind an extensive old reactivated terrane extending 
from Libya across western Sudan and Egypt, Chad and 
Central African Republic to the Congo. Within these 
areas they cite the following features in support of their 
hypothesis: widespread Phanerozoic anorogenic alkaline 
magmatism, abundant late tectonic high K calc-alkaline 
magmatism, reactivated Archean and Paleoproterozoic 
crust, ophiolitic nappes and major Pan-African shear 
zones along the boundaries of the Nile Craton and/or 
surrounding cratons. 

This is an intriguing model, but the present isotopic 
data and field observations west of the Nile do not allow 
such inferences to be drawn. We do not know, for 
example, the extent to which the Uweinat inlier extends 
southward. U - P b  (zircon) results suggest that the Neo- 
proterozoic thermal overprint did not affect the Gebel 



Kamil area (Sultan et al., 1994). To the best of our 
knowledge, there is no pronounced Neoproterozoic mag- 
matic activity south of  the Uweinat and north of the 
Congo Craton (Vail, 1989). The similarity in isotopic ages 
between the Gebel Kamil and Gebel E1 Asr samples and 
those reported from southern Cameroon (Van Schmus 
and Toteu, 1992) supports earlier suggestions (e.g. Kr6- 
her, 1977; Vail, 1991) that the Congo and Nile Cratons 
are contiguous. Van Schmus and Toteu (1992) identified 
the Ebolowa charnockite as the oldest unit ( ~  2.9 Ga) 
and they detected a thermal overprint and plutonic 
activity at 2 . 0 -2 .1  Ga by dating metamorphic zircon in 
the nearby Nyong gneiss series. They reported 
2 . 5 - 3 . 0  Ga Nd mantle separation ages for the char- 
nockite and the gneiss, and they detected a Neoprotero-  
zoic thermal overprint at ca. 600 Ma. Thus the continuity 
of pre-Neoproterozoic crust between the Unweinat inlier 
and the Congo Craton could not be ruled out given the 
available data. We suggest the term Uweinat-Congo 
Craton for this area (Fig. 1, inset). Our model could be 
further tested by examining the lithological and geochro- 
nological affinities of  the Darfur  complex south of 
Uweinat and north of  the Congo craton (Fig. 1). Our 
model predicts that the complex is part  of  the Uweinat- 
Congo Craton. 

Conclusions 

1. We report  the first conventional U - P b  (zircon and 
sphene) data for five samples collected from the 
gneissic terrane west of the Nile. One of  the investi- 
gated samples is a gabbroic anorthosite from Gebel 
Kamil and another is an anorthosite from Gebel E1 
Asr. The remaining samples are biotite granite gneiss 
(Aswan and south-west Aswan) and migmatite (Ge- 
bel Um Shagir). The Gebel Kamil and Gebel E1 Asr 
anorthosites yield Archean and Paleoproterozoic 
crystallization ages, respectively; the remaining 
samples yield Neoproterozoic emplacement ages. 

2. The Gebel Kamil data are best interpreted as indicat- 
ing a minimum emplacement age of  2629 Ma of  
a gabbroic anorthosite that was metamorphosed in 
the Paleoproterozoic (2 063 Ma for the time of zircon 
growth and 1 947 for the time of sphene formation). 
The Gebel E1 Asr zircon array is interpreted as 
a mixture of  (a) inherited zircon with minimum ages 
ranging from 2.1 to 1.9 Ga and with Th/U ratios 
consistent with an igneous origin and (b) younger 
metamorphic zircon (with depleted Th/U ratio) dated 
at 689 Ma. 

3. A biotite granite gneiss from Aswan, a granitic 
migmatite from Gebel Um Shagir and a biotite 
granite gneiss from south-west Aswan yield the 
following emplacement ages: Aswan: 634 __ 4 Ma; 
Gebel Um Shagir: 626 + 4 / - 3  Ma; south-west As- 
wan: 741 __ 3 Ma. 

4. Our results show that the terrane west of  the Nile 
comprises high grade gneiss and migmatite of Neo- 
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proterozoic, Paleoproterozoic and Archean age. The 
presence of high grade gneiss should be no longer 
used as a criterion for defining areas that are of 
pre-Neoproterozoic age. 
Results suggest that Archean and Paleoproterozoic 
anorthosite and related rocks occur west of the Nile. 
Because many anorthosites world-wide are Archean 
to Mesoproterozoic in age, mapping their distribu- 
tion in north-east Africa might give first-order esti- 
mates for the extension of  the pre-Neoproterozoic 
crust in the area. 
We suggest that the pre-Neoproterozoic crust extends 
between the Uweinat and the Congo Craton via the 
Darfur  complex because our U - P b  (zircon) data 
show no evidence for a Neoproterozoic thermal 
overprint in the Gebel Kamil area. Also no pronoun- 
ced Neoproterozoic magmatic activity was reported 
south of  the Uweinat and north of  the Congo Craton. 
Because we do not know how far east and west the 
Uweinat extends, we prefer to name this section of 
Archean and Paleoproterozoic crust the Uwei- 
n a t -  Congo Craton. 
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