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Zusammenfassung 

Die vorliegende Arbeit ist das Ergebnis pal~iomagnetischer Untersuchungen, die in 
kretazischer Nubischer Serie und zugeh6rigen vulkanischen Gesteinen sowie in h~ima- 
titisch-oolithischen Eisenerzcn in der 6stlichen Wiiste in ~gypten durchgeffihrt wur- 
den. Es wird die Pal~ogeographie der Nuhischen Serie, besonders der 6stlichen Wfiste, 
diskutiert, einmal anhand verschiedener geologischer Beobachtungen und dartiber 
hinaus anhand der paliiomagnetischen Daten; beides weist auf ~ibnliche Deutungen 
bin. Die Lage des Paliio~quators und des Pal~iobreitenkreises 20 ~ S zeigt an, dab die 
Nubische Serie in der Umgebung des damaligen ~quators abgelagert wurde. Die 
pal~iomagnetischen Ergebnisse best~tigen friihere afrikanische Daten, nach denen 
keine Konfinentaldrift fiir diesen Raum zwischen 210 und 110 Mill. Jahren statffand, 
und erweitem diese Periode bis 85 Mill. Jahre. Es wird angenommen, dab die Nu- 
bische Serie in tropischem his subtropischem Klima abgelagert wurde, und zwar unter 
den verschiedensten kontinentalen Ablagerungsbedingungen. 

Abstract 

The present work gives the results of the paleomagnetic investigations carried out 
on the Cretaceous Nubian Sandstone and associated voleanics and hematitie oolitic 
iron ores in the Eastern Desert of Egypt. The paleogeography of the Nubian Sand- 
stone especially for the Eastern Desert is discussed in the light of the various geo- 
logical data as well as the paleomagnetic results, both of which point to certain 
conceptions. The position of the paleoequator and paleolatitude 20 ~ S were derived 
from the paleomagnetic data indicating that the Nubian Sandstone was originally 
deposited in the paleoequatorial to subequatorial zone. The paleomagnetie results 
corroborate previous African data that there has been no polar wandering and con- 
tinental drift for Africa during B10 to 110 million years and extend this period to 
85 million years. 

It is concluded that the Nubian Sandstone is deposited under tropical to sub- 
tropical climate and that it is formed under various continental conditions excluding 
eolian merging intermittently into shallow marine. 

R6sum6 

Le pr6sent travail est le r6suhat des recherehes pal6omagn6tiques effectu6es sur le 
gr6s nubien cr6tac6, les voleanites associ6es et les minerals de fer h6matitiques et 
oolithiques dans le d6sert oriental de ]'Egypte. La pal6og6ographie du gr6s nubicn, 
surtout celui du d6sert oriental, est discut6e h la lumi6re des diff6rentes observations 
g6ologiques vari6es et, en outre, des donn6es pal6omagn6tiqnes; routes deux concluent 
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a la mfime signification. La position du pal6o6quateur et de la pal6olatitude 20 ~ S 
montre que la s6rie nubienne a 6t6 d6pos6e dans le domaine proche de l'6quateur 
relatif ~ cette 6poque. 

Les r6sultats pal6omagn6tiques corroborent les donn~es africaines ant6rieures d'apr~s 
lesquelles il n'y aurait pas eu, pour ces r6gions, de d6rive continentale entre 210 ~t 
110 millions d'ann6es; ils prorogent cette p6fiode jusqui~t 85 millions d'ann6es. 

On admet que le grbs nbien fur d6pos6 sous le elimat tropical /t sub-tropical et 
effectivement sous les diff~rentes conditions de d6p6t eontinentales. 

~paTROe co~epmanne 
B ~aarlOM ony6~n~onaHH~ rlpnBO~aT peayJit ,  TaTl~i lIa;lIeoMarg~ITHfiIX onpene~eRr~iL 
gpoBe~egnbIx  Ha ny6~c~nx  cB~wax BozpacTa a ~ m H e r o  Mezia, a T a ~ e  Ha COOT- 
BeTCTBymL~nX B y ~ K a n ~ q e c ~ n x  nopo~ax ~ reMaTnTO-OO~nTOBbIX ~ e a e 3 g b i x  py~ax 
BOCTOqHO~I rlycT~IHa E r n n T a .  0 6 c y m ~ a e T c n  ~ a a e o r e o r p a ~ p ~ a  ~WO~ CBnTL~, CocTaB- 
~eHaa~  Ka~r Ha OCHOBaHH14 pa3~lrlqnbIX r e o ~ o r a ~ e c ~ x  na6am~e~r~Yt, Tan ~1110 7Ia~nbIM 
rla~IeoMarti!lTHt,ix ~uMepermfi.  ]3 o6oHx cay~a~x npnxo~sT ~ TeM TEe CaMI, IM BI, IBO~aM. 
I I o ~ o ~ e H ~ e  l~aaeoa~s a Topa  ~ n a a e o T p o H ~ a  p a p a  y 20 ~ ~omHo~ m~poT~I y~a~bmaeT 
Ha TO, UTO H y 6 ~ r c ~ a a  CBI~wa OW~IOa~14~IaCb B o6slacwrI wor~amHero ~neaTopa .  ~ a r m s m  
HaJ]eoMarHI/IWI-IbIX ~sMepen~ nogwBepgr~zIrI npe~ane BblBO~bI 0 TOM, qWO He TOJIbRO 
B nepno;~ 2]0--~]0 M!~ISIJI!/IOFIOB JIeT TOMy g a a a ~ ,  Ho ~ o  85 MH~IJI!/IOHOB ~ew WOMy ~a3a~  
H ~ n a ~ o r o  ~pe~d~a A~p~agc~oro HOHTI~HeHTa He ~IpOr~Cxo~gao. Cq~TamT, qTo 
ny6~rc~a~ CBgTa OT,~O~n~acb B Tporm~ecr~o~ ~ cy6TpOlmqec~oM ~.~nMaTe n p a  
CaMbIX pa3Hoo6pa3nb~X yCaOB~J~X HOHT!/IHeHTaJILHOrO ocaRHoHaHor~aeH~fl. 

Introduction 

Two areas of Nubian Sandstone exposures in the Eastern Desert of Egypt  
have been chosen for paleomagnetic studies in order to help to reveal together 
with the various geological investigations the paleogeography of this sediment. 
This problem is considered of certain importance due to the wide extension of 
the Nubian Sandstone in a large region in northern Africa and south western 
Asia and because of the controversies on its paleogeographic environment of 
deposition. 

The first area chosen for study is that of Wadi Natash (Fig. 1) where the 
Nubian Sandstone is invaded by volcanics. While the second area is located to 
the east of Aswan with the Nubian Sandstone showing intercalations of hematitic 
oolitic iron ore beds. 

The geological works, especially those related to the examined areas, and 
considered by the authors to be of particular interest from the environmental 
point of view are correlated with the results of the paleomagnetic studies in 
order to interpret the paleogeography of the Nubian Sandstone. 

Geological evidences on the paleogeography of the Nnbian Sandstone 

RUSSEGGER (1837) was the first to use the term "Nubian Sandstone", as it 
outcrops in Nubia. He described the Nubian Sandstone as Early Cretaceous in 
his maps of Egypt  and Arabia Petraea. Since RtrSSEGGV.a the term has been 
used widely in northern Africa and south western Asia, either restricted to the 
Cretaceous sandstones, especially those of Lower Cretaceous age, or extended 
as a facies to various Mesozoic and Paleozoic sandstones. POMEYnOL (1968) after 
reviewing the various uses of the term "Nubian Sandstone" concluded that this 
term must be abandoned. KLITZSCH (in press) introduced the term Messak Sand- 
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stone instead of Nubian Sandstone for certain Mesozoic sediments in south 
western Libya believed to be of continental derivation. It  is not the purpose of 
this work to review the stratigraphy or the usage of the term in question, but 
to give some relevant data which may help to characterize the paleogeography 
of the Nubian Sandstone with partieular emphasis on the studied areas in the 
Eastern Desert of Egypt, Here the Nubian Sandstone is applied to those detrital 
sediments which are of Cretaceous age and which are bounded on the top by the 
fossiliferous essentially calcareous sediments of Upper Cretaceous age. The 
Nubian Sandstone has been reported from a certain large geographic region in 
northern Africa and south western Asia including Egypt where it has been first 
reported, northern and central Sudan, Libya, Arabian Peninsula, the Levant, 
Jordan, etc. The presence of Nubian Sandstone in such a geographic region is 
in itself a strong evidence in favour of its unique depositional environment. 

Fossils found in the Nubian Sandstone give a clue to its environment of 
deposition. NEWTON (1909) examined fossils collected by Ball, Hume, Murray 
and Crosthwaite from the Nubian Sandstone in the vicinity of Aswan and the 
southern parts of Egypt. He recorded from Jowikol 40 km south of Aswan, 
four new speeies of fresh water shells which are Unio humei, Unio crosthwaitei, 
Unio jowikolensis and a marine annelid Galeolaria filiformis. BA~TI~OUX and 
FmTEL (1925) described a variety of fossil plants from the Nubian Sandstone to 
the east of Aswan iaeluding Weiehselia sp., Frenelopsis hoheneggeri (Etting- 
hausen), Dadoxylon aegyptiaeum Unger and fern fragment indet. ATTIA & 
MURRAY (1952) found Lower Cretaceous ammonites in marine intercalations 
in the Nubian Sandstone of Wadi Qena area in the Eastern Desert of Egypt. 
Cox (in ATTIA, 1955) described marine and non-marine lamellibranehs collected 
from ferruginous sandstone overlying the upper oolitic iron ore band in the 
Nubian Sandstone to the east of Aswan. The marine fossils are Isoeardia aegyp- 
tiaca and Cyprina Humei, while the non-marine are Unio jowikolensis-Newton, 
Unio Attiai, Unio nubianus, Iridina (Pleiodon) aswanensis and Iridina (Pleiodon) 
sp. Inoceramus probably belonging to the species Iballi-Newton has also been 
found. Furthermore, carbonaceous beds have been recorded in Nubian Sandstone 
in various countries where it is encountered. The fossil evidences in the localities 
mentioned suggest the following: 1. The Nubian Sandstone is of Cretaeeous age 
with both Upper Cretaceous and Lower Cretaceous fossils. 2. The fauna and 
flora recorded suggest non-marine and shallow marine environments of deposi- 
tion where the waters have been warm, and 8. the presence of occasional wet 
humid conditions during the deposition of the Nubian Sandstone. 

Geological, structural and mineralogieal evidences point out ideas regarding 
the environment of deposition and origin of the Nubian Sandstone. SHUKa~ 
(1945) from Egyptian evidences eonsidered the Nubian Sandstone as beach and 
off-shore shallow marine deposit of a sinking peneplained land mass, and ex- 
cluded the possibility of an eolian origin or its deposition under fluviatile, 
lacustrine, deltaic or estuarine environment. He based his conclusions on the 
following observations: 1. the upward transition from sands to clays to lime- 
stones, 2. the regular stratification and large lateral extension of the sandy beds, 
and, 8. the presence of water ripple marks, current bedding with horizontal 
and inclined laminae at 26 ~ with the horizontal, and bands of transported quartz 
pebbles of spherical and discoidal shape. 
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The heavy minerals in the Nubian Sandstone in Aswan have been found to 
be mainly iron ores, zircon, tourmaline and futile (SHuKRI & EL AYOUTY, 1958). 
The minerals gave evidence of their derivation from pre-existing sediments, and 
that the Nubian Sandstone is a typical platform deposit poor in heavy minerals. 
The authors assumed the presence of two sources for the lower and upper 
horizons. The lower horizons which contain angular and prismatic zircon are 
probably derived from the local underlying basement rocks. The upper horizons 
containing rounded zircons are derived from sources situated further to the 
south. ATTIA (1955) following considerable field work concluded that the Nubian 
Sandstone outcropping to the east of Aswan is of marine origin and that the 
deposition of strata began under shallow water conditions, the continent was 
not far away and the area must have been subjected to uplift and subsidence. 
His conclusions are based on upward transition from sands to sandy clays and 
clays, large extension and regular stratification of the beds, occurrence of fossil 
fresh-water shells and plant remains as well as marine shells in other beds, water 
ripple marks, type of current bedding present, and the base of the Nubian 
Sandstone being somewhat irregular. McKEE (1962) carried out reconnaissance 
studies on statistical analysis of cross stratification of Nubian and similar sand- 
stone in some countries in northern Africa and south western Asia including 
Egypt, Sudan, Libya and Jordan. Tabular-planar cross stratification of medium 
scale has been found predominating in the sandstone. Such structures are inter- 
preted to be formed where currents drop their load due to a sudden decrease 
in velocity as a result of an abrupt increase in water depth. Moreover, pene- 
contemporaneous folded structures are common in the sandstone. McKEE con- 
eluded that the Nubian type sandstones are not eolian in general and that they 
developed largely in a marginal or continental environment, predominantly 
lagoonal, estuarine or lacustrine and fluviatile. Directions of sand transportation 
in the Cretaceous Nubian Sandstone possess a general northerly direction in 
Kharge Oasis, Aswan and Wadi Araba (Egypt), Fezzan (Libya) and Khartoum 
(Sudan). Furthermore, there are evidences indicating the presence of certain 
laterites and occasional carbonaceous beds in the Nubian Sandstone in several 
countries (for the Sudan see WHITEMAN, 1970; KHEIIIALLA, 1966). 

The deposition of the Nubian Sandstone in Egypt is greatly controlled by the 
numerous minor oscillations prevailing in the Cretaceous, until the environment 
has been greatly changed by major subsidence and sea transgression in the 
Upper Cretaceous leading to the formation of the fourth calcareous sediments 
(Ataqa-Mokattam sediments) of Upper Cretaceous to Middle Eocene age. The 
change of environment is synchronous with the intensification of the crustal 
disturbances and the development of the alkaline to acidic volcanics with type 
locality Wadi Natash (EL S~AZLY, 1966). 

The mentioned studies on the Nubian Sandstone in the examined areas point 
out to the following conclusions: 1. The Nubian Sandstone is not of eolian 
deposition, thus indicating that the present day arid to semi-arid conditions in 
the region where the Nubian Sandstone is recorded have not been prevalent 
during its deposition in the Cretaceous. On the other hand, there are indications 
of occasional wet humid conditions, 2. the environment of deposition is ranging 
from various continental environments (excluding eolian) to shallow marine, and, 
8. the changes in the environment are generally numerous but of small magni- 
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tude until the major ehange to marine environment oeeurred in the Upper  
Cretaceous in most countries where the Nnbian Sandstone has been observed. 
These changes are explained by  crustal disturbances. 

Paleomagnetism of rocks studied 

Samples representing the Nubian Sandstone were collected from two areas in 
the Eastern Desert of Egypt,  namely from Wadi  Natash and East  Aswan 
(Fig. 1). 

28 

E 
27 

28 

25 

2a  

23 

Fig. 1. Location map of Wadi Natash area (W) and East Aswan area (A) in the 
Eastern Desert of Egypt. 

Representative samples from each exposure were subjected to laboratory 
stabili ty tests using A.C. and thermal treatments. For  A.C. treatment an A.C. 
demagnetization equipment  was used, in which the rock sample was rotated 
during the demagnetization process around two perpendicular  axes. For  thermal 
treatment,  samples were placed in a non-magnetic oven with compensated 
magnetic field down to a few tens of gamma. The remanent  magnetization of 
weakly magnetic samples was measured by  means of a high-sensitfvity rock- 
generator, which enabled to determine the directions and amplitudes of remanent 
magnetization down to 2--8 .10 -s emu/ec. 

W a d i N a t a s h a r e a : Sedimentary and volcanic rocks of Upper  Creta- 
ceous age were sampled from nine different localities in Wad i  Natash area with 
outcrops representing various strata of Nubian Sandstone and lavas of traehyte 
and traehyte tufts, they were previously studied in detail  for their paleomagnetic 
stabili ty but  not from the paleogeographie point of view (EL SHAZL'r & KRS, in 
press). The age of Wadi  Natash voleanies has been determined as Upper  Creta- 
ceous by  BA~THOUX (1922) based on field evidence, the age of a basalt  flow 
from these voleanies has been determined by  K/A method to be 85.6 _+ 4.8 rail- 
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lion years which corroborates the field evidence. The sandstones examined are 
medium grained with grains mainly subangular to subrounded, and constituted 
of quartz and felspars. Interstitial hematite is present either dispersed or in 
grains occasionally replacing the quartz and felspar. In the traehyte hematite 
is notably dispersed in the groundmass or between the felspar laths and it may 
even form aggregates. 

Fig. 2 demonstrates results of A. C. demagnetization on representative samples. 
The intensity decay graphs dearly show that even in very high A. C. fields the 
majority of the samples did not loose substantially their remanent magnetic 
moment. However, some samples possess considerable portions of soft com- 
ponents of magnetization which could be removed in low A.C. fields. Table 1 
reviews data obtained during A.C. treatment. FISHER'S (1958) statistics were 

MHIM o 

T I.0. 
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MINIM o 

I 1.0. 

0.S- 

j 

z6o 6bo z~ e6o ~oo l~ho o, 16oo 1~6o o~ 

Fig. 2. A. C. demagnetization of representative samples from Wadi Natash area. MtI - -  
remanent magnetic moment of the samples demagnetized in the A.C. field H, in 

oersteds; M o - -  natural remanent magnetic moment. 

employed for the statistical evaluation of the mean directions of remanent 
magnetization. The symbols used: a95 is the semi-vertical angle of the cone of 
confidence at the 95~o probability level, k [s the precision parameter, N is the 
number of samples analyzed. 

Decay of natural remanent magnetic moments during thermal treatment is 
demonstrated in Fig. 8. It is evident that in many samples at least two-phase 
magnetic components are carriers of remanent magnetization, but hematite is 
almost always present. Table 2 summarizes data obtained during thermal 
treatment. 

The intensity decay graphs on Figs. 2, 8, and the statistical data in Tables 1, 
2 permit to formulate the following conclusions: Many of the samples show soft 
components of magnetization, which may be removed or reduced by treatment 
in the A.C. fields of 80 Oe. Consequently, all the samples, for which paleo- 
magnetic directions had to be determined, were subjected to a cleaning process 
using A.C. fields of 80 (~e. However, A.C. treatment at 80 (~e cannot suf- 
ficiently clean all the samples since many of them contain magnetic phases with 
higher magnetic hardness. The next step of magnetic cleaning required thermal 
treatment. The semi-vertical angle of the cone of confidence ag~ is minimum 
and the precision parameter k maximum for the temperature 550~ from the 

217 



Mt/M o 
1.0 

0.5 

100 200 3C0 Z.O0 SO0 600 700 'C 
> t  

, i , , , , , �9 

I00 200 300 ~00 ~00 600 700 C 
* t  

Mr/Me 
1.0- 

0.~ 

Aufs~itze 

Fig. 8. Thermal demagnetization of representative samples from Wadi  Natash area. M t 
- -  remanent  magnetic moment  of the sample demagnetized in the thermal field at the 

temperature t, in centigrades; M o - -  natural  remanent  magnet ic  moment.  

Table 1. A. C. demagnetizat ion of samples from Wadi  Natash area. 

A.C. Direction of remanent  
demagne- magnetization c~.5 k N 

tizing field Declination Inclination 

0 8e 
80 Oe 

60 Oe 

90 Oe 

120 Oe 

150 Oe 

200 Oe 
250: ~e 
30,00e 

400 Oe 

500 ~e 
700 ~}e 
900 Oe 

1200 Oe 

1406 Oe 

6,5 ~ 14,8 ~ 

857,6 ~ 18,9 ~ 

356,0 ~ 9,3 ~ 

854,1 ~ 4,7 ~ 

0,2 ~ 9,2 ~ 

857,2 ~ 16,6 ~ 

855,0 ~ 12,6 ~ 

354,6 ~ 16,8 ~ 

352,2 ~ 18,8 ~ 

851,8 ~ 16,8 ~ 

849,5 ~ 19,2 ~ 

841,6 ~ 12,6 ~ 

848,2 ~ 12,2 ~ 

842,8 ~ 12,5 ~ 

9,0 ~ 24,9 ~ 

26,78 ~ 4,67 9 

24,72 ~ 5,29 9 

82,17 ~ 8,52 9 

85,85 ~ 8,02 9 

88,28 ~ 2,77 9 

58,42 ~ 1,74 9 

87,65 ~ 2,88 9 

87,87 ~ 2,81 9 

86,99 ~ 2,89 9 

86,80 ~ 2,91 9 

88,92 ~ 8,26 9 

87,78 ~ 2,82 9 

85,12 ~ 8,11 9 

44,98 ~ 2,48 8 

46,90 ~ 2,85 8 

whole  t e m p e r a t u r e  r a n g e  of ( 5 0  ~ C, 5 5 0 ~  ) ;  c o n s e q u e n t l y  all t h e  samples  
were  sub j ec t ed  to t h e r m a l  c l ean ing  a t  this  t em pe ra tu r e .  Af te r  t h e r m a l  c l ean ing  
a t  550 ~ C f ew  samples  s h o w e d  sca t t e r ed  results ,  b u t  the  m a i n  g roup  of samples  
f o r m e d  a good  s ta t is t ical  set  for  eva lua t ion  of the  m e a n  p a l e o m a g n e t i c  d i rect ion.  
Fig.  4 demons t r a t e s  a s t e r eog raph ie  p ro jec t ion  of t he  d i rec t ions  of r e m a n e n t  
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Table 2. Thermal demagnetization of samples from Wadi Natash area. 

Tempera- Direction of remanent 
ture magnetization a�~ k N 

in o C Deelination Inclination 

20 ~ C 
50 ~ C 

100 ~ C 
150 ~ C 
200 ~ C 
250 ~ C 
800 ~ C 
850 ~ C 
400 ~ C 
450 ~ C 
500 ~ C 
550 ~ C 

857,9 ~ 12,4 ~ 
0,0 ~ 11,5 ~ 

858,9 ~ 9,0 ~ 
856,7 ~ 7,6 ~ 
856,2 ~ 6,0 ~ 
858,2 ~ 6,8 ~ 
854,1 ~ 2,8 ~ 
855,0 ~ 8,8 ~ 
858,8 ~ - - 0 , 6  ~ 
854,2 ~ 1,2 ~ 
850,8 ~ 5,0 ~ 
850,5 ~ - - 8 , 0  ~ 

28,07 ~ 4,20 18 
25,11 ~ 8,69 18 
25,57 ~ 8,60 13 
28,82 ~ 8,94 18 
29,24 ~ 2,98 18. 
29,21 ~ 2,98 18 
29,90 ~ 2,89 18 
29,74 ~ 2,91 18 
28,78 ~ 8,04 18 
26,88 ~ 8,85 18 
28,11 ~ 8,14 18 
24,21 ~ 8,90 18 

N 

3 t, ~. 0 

280 o ~ D 

2S0 110 

240 120 

2~0 130 

220 140 

210 50 

S 
Fig. 4. Stereographie projection of directions of remanent magnetization for Upper 

Cretaceous rocks from Wadi Natash area, after thermal treatment at 550 ~ C. 
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magnetization of samples treated at 550 ~ C, the mean paleomagnetic direction 
is designated by a cross across an open circle, and the corresponding confidence 
circle was calculated according to FIsrlE~ (1958) at the 95Yo probability level. 
Projection into the upper (lower) hemisphere is designated by an open (solid) 
circle. 

E a s t A s w a n a r e a : Only twelve samples of sandstones rich in hematite 
and hematitic iron ores rich in quartz were eolleeted from five exposures located 
in the iron ore mines to the east of Aswan. The samples were obtained from two 
oolitic hematitic iron ore beds, a lower bed (A) and an upper bed (B) according 
to the following scheme: 

Sample No. Locality 
E 72--78 . . . . . .  Um Baramil area 
E 74--76 . . . . . .  Um Baramil area 
E 77~78 . . . . . .  Aqaba area 
E 79~80 . . . . . .  Main quarry, s.c. area 
E 81--88 . . . . . .  Timsah area 

Bed 
Lower part of A bed 
B bed 
Top of A bed 
B bed 
B bed 

The iron ore beds are enclosed in the Nubian Sandstone succession considered 
of Upper Cretaceous age in this locality, although it may be Lower Cretaceous 
towards the base and it overlies the igneous-metamorphic basement rocks 
essentially Preeambrian passing into Paleozoie. ATTIA (1955) grouped the Nubian 
Sandstone succession in the area to the east of Aswan into the following: lower 
beds, 4 0 t o 5 5 m  thick, sandstones and clays with grits, clayey sandstones and 
sandy clay, and with characteristic conglomerates, pebble beds and kaolinic sand- 
stones; middle beds, 10 to 2 2 m  thick, sandstones, clayey sandstones, sandy 
clays, clays, ferruginous sandstones, with oolitic iron ore deposits; and upper 
beds 20 to 85 m thick, variegated clays, sandy clays, clayey sandstones, sand- 
stones, grits and quartzites. Three samples (Nos. E 74, 77, 78) were found not 
suitable for paleomagnetic studies, since phase changes oeeurred in them in the 

Table 8. Thermal demagnetization of samples from East Aswan area. 

Tempera- Direction of remanent 
ture magnetization %s k N 

in o C Declination Inclination 

g0 ~ C 
60 ~ C 

100 ~ C 
150 ~ C 
200 ~ C 
800 ~ C 
4000 C 
525 ~ C 

181,8 ~ --12,8 ~ 
188,8 ~ --16,8 ~ 
181,5 ~ --17,8 ~ 
182,2 ~ --18,6 ~ 
182,6 ~ --18,2 ~ 
182,6 ~ --17,4 ~ 
182,2 ~ --16,7 ~ 
181,8 ~ --15,8 ~ 

18,77 ~ 14,94 9 
12,14 ~ 18,98 9 
11,72 ~ g0,26 9 
11,26 ~ 21,88 9 
11,02 ~ 22,80 9 
12,02 ~ 19,31 9 
12,55 ~ 17,78 9 
14,64 ~ 18,82 9 

initial stages of thermal treatment. The remaining nine samples after thermal 
treatment were subjected to statistical evaluation, and sample E 79 with normal 
polarization of magnetization was considered with reverse polarization during 
the statistical treatment. Table 8 reviews data obtained. The best results of 
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thermal cleaning were obtained for temperature 200 ~ C, consequently the mean 
remanent  magnetizat ion of samples t reated at  this temperature  was considered 
as paleomagnetic  direction for samples from East  Aswan area. However,  this 
direction is close to the mean direction of remanent  magnetization of samples in 

N 

~o ~ 10 

310 50 

3 

W + E 

22 0 0 '140 

S 
Fig. 5. Stereographic projection of directions of remanent magnetization of samples 

rich in hematite from East Aswan area, after thermal treatment at 200 ~ C. 

natural  state. Fig. 5 demonstrates, in a stereographie projection, the directions 
of remanent  magnetizat ion of samples t reated at 200 ~ C. 

Table 4 summarizes the paleomagnetie data for both Wad i  Natash and East  
Aswan areas. The calculated virtual pole positions for the rocks from Wadi  
Natash and East  Aswan are close to each other, but  not corresponding exactly 
within the confidence limits. This shows: a) either the age of formation of the 
Nubian Sandstone and enclosed iron ores examined from East  Aswan area is not 
the same as the rocks from Wad i  Natash area, b) or there is a disturbing effect 
of tectonic movement on a regional scale, or both. From the geological point 
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of view Wadi Natash flows and sandstones 
may be later than the sandstones and iron ores 
examined from East Aswan although both of 
them are considered to belong to the Upper 
Cretaceous. Furthermore, considerable tectonic 
movements have notable influence in the Upper 
Cretaceous, and they mark the transition from 
the Nubian Sandstone sedimentation to the 
proper marine sediments of the overlying fossi- 
liferous Upper Cretaceous. The development 
of Wadi Natash voleanics is one of the expres- 
sions of these tectonic movements (EL SnAZL L 
1966). More paleomagnetic studies are neces- 
sary to elucidate the influence of these factors 
on a regional scale. 

Paleogeographie reconstruction 
of the paleomagnetie data 
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The data presented in Table 4 may be con- 
sidered as a basis for paleogeographie recon- 
struction. The pole position 1 (Fig. 6) was 
derived from rocks of Wadi Natash. With the 
assumption of the theoretical magnetic dipole 
field in the past, the paleoquator and paleo- 
latitude 20 ~ S were derived, too. The geophysi- 
cal interpretation shows the original posRion 
of the Nubian Sandstone in the paleoequatorial 
to subequatorial zone. 

For the evaluation of the present data on an 
African scale, they are correlated with other 
comparable African investigations as given by 
GIRDLER (1969) who referred African paleo- 
magnetic data to the paleolatitude of Nairobi 
(1,27 ~ S, 86,80 ~ E). When derived from Wadi 
Natash results the paleolatitude of Nairobi 
would be 28 ~ S, and paleodeelination would 
be - - 2  ~ if measured antielockwise from the 
present north. In Fig. 7 the results of Wadi 
Natash rocks - -  which have been formed 
about 85 million years ago - -  are plotted on 
a diagram giving the paleolatitude of Nairobi 
which has been presented by GI~DLEn; the 
Wadi Natash data fit generally in the diagram. 
As the latter have been derived from both data 
fit generally in the diagram. As the latter have 
been derived from both sedimentary and vol- 
canic rocks, and the samples were subjected to 
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Fig. 6. Virtual pole positions derived from paleomagnetism of Upper Cretaceous rocks 
from Wadi Natash area (1) and from samples rich in hematite from East Aswan area 

(2), Paleoequator and paleolatitude 20 ~ S correspond to pole position 1. 
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Fig. 7. Paleolatitudes of Nairobi as reference for Africa presented by GIX~DLER (1969) 
and indicated by open circles. Wadi Natash data transferred to the paleolatitude of 
Nairobi are indicated by a solid circle. Change in the paleolatitude of Nairobi by 

adding Wadi Natash results is given by a thicker line. 
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extensive laboratory stability tests and magnetic cleaning procedures, so that they 
may be considered very reliable in respect to other data for Africa which have been 
obtained from either volcanic or sedimentary rocks. However, the present results 
support the picture visualized by GIRDLER for the continental movement of 
Africa in so far as there is no polar wandering including continental drift of 
Africa from 210 to 110 million years and possibly longer. In fact, Wadi Natash 
results extend this period to about 85 million years. For the greatest part of the 
following period the available data indicate - -  as can be seen from Fig. 7 - -  
that Africa has been movfng northwards. The latter period corresponds in time 
to important rifting of the Red Sea and to remarkable manifestation of the Alpine 
orogeny. 

P a l e o g e o g r a p h i c  c o n c l u s i o n s  

Based on the present paleomagnetie studies as well as various geological evi- 
dences, the authors of this work arrived at the following conclusions regarding 
the paleogeography of the Nubian Sandstone: 

1. The climatic conditions prevailing during the deposition of the Nubian 
Sandstone are tropical to sub-tropical as evidenced by the position of the paleo- 
equator arrived at by the paleomagnetic studies and from the fossils present in 
the sandstone. 

2. Crustal disturbances and oscillations have been prevailing during the 
deposition of the Nubian Sandstone which are indicated by the magnetic data, 
and evidenced by the presence of various geological phenomena including the 
voleanicity of Upper Cretaceous age in Wadi Natash, the occurrence of non- 
marine and marine fossils in closely alternating beds, the quick lithologieal 
changes from sandstone to sandy clay to clay and sometimes to calcareous beds, 
the presence of zircons from two sourees in the same geological succession, the 
development of tabular-planar eross stratification and peneeontemporaneous 
folded structures, etc. 

The authors may sum up that they believe that the Nubian Sandstone is 
deposited under tropical to sub-tropical climate, and that it is formed under 
continental conditions which may be fluviatile, laeustrine or even paludial 
merging inter mittently into shallow marine beeause of the particular oscillations 
predominant at that time which have been generally frequent and small leading 
to the development of large areas with gentle slopes and topography giving 
characteristic weathering conditions until finally drastic crustal disturbances 
changed this environment in the Upper Cretaceous into proper marine with 
dominant calcareous deposition. 
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Geochemistry of ground waters from some localities 
West of the Nile Delta 

By ESSAM E. EL-HINNAWI and S. M. ATWA, Frankfurt and Cairo *) 

With 11 figures and 2 tables 

Zusammenfassung 

Diese Arbeit bescNiftigt sich mit der Geoehemie der Grundw~isser der Tahrir-Provinz 
und des Gebietes des Wadi E1-Natrun, westlich veto Nildelta. 

Die Verteilung der Kationen und Anionen in diesen W~issern zeigt, dab der Gehalt 
an Kalzium und Magnesium niedriger, dagegen der Gehalt an Natrium-, Karbonat- 
und Chloridionen h6her im Gebjet des Wadi E1-Natrnn, als in der Tahrir-Provinz ist. 
Kalium- und Sulfat-Gehalte sind identisch. 

Die regionalen Unterschiede im Chemismus der Grundwasser wurde mit Hilfe der 
Iso-Konzentrationskarte yon Kationen und Anionen untersucht. Veto Nfldelta bis 
Wadi E1-Natrun wird eine zunehmende Tendenz der Salinit~it bzw. der meisten Ka- 
tionen und Anionen festgestellt. 

*) Addresses: Prof. Dr. ESSAM E. EL-HmNAWI, at present: Institut fiir Petrologic, 
Geoehemie u. Lagerstattenkunde, 6 Frankfurt/M, Senckenberg-Anlage 28. - -  

Mr. S. M. ATWA, Desert Institute, Mattaria, Cairo, Egypt. 
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