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ABSTRACT 
 

A total of 159 specimens from 14 sites were collected within the Upper Cretaceous trachyte rocks of Gebel 
El Nuhod in order to perform the paleomagnetic studies. Investigation was initiated by several rock magnetic 
experiments revealing that magnetite of pseudo-single-domain grain size represents the main magnetic carrier of 
studied rocks. Demagnetization analyzes, using both thermal and alternating field techniques, documented the 
occurrence of only one characteristic magnetic component carried by magnetite. This primary component 
represents both normal and reversed polarities and gives the mean direction of 324/-18.0 that corresponds to the 
magnetic pole situated at lat. = 41.0° N and long. = 264° E. This pole is not consistent with the reference 
African poles of the same age. This inconsistency is referred to the hypothetical local rotations of these rocks 
around a horizontal axis that occurred after solidification of magma. 
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Although several papers dealt with the paleomagnetism of Mesozoic African rocks, they are relatively few 
with respect to the geological and geophysical significances of the African continent (Van der Voo, & French, 
1974; Livermore et al., 1986; Smith & Livermore, 1991; Van der Voo, 1993 and Torcq et al., 1997). The 
available paleomagnetic data are still insufficient to be used for paleogeographic and paleotectonic 
reconstructions of North and Northeast Africa. Since the eastern part of Egypt is a direct continuation of East 
Africa rift system, systematic paleomagnetic researches for suitable rocks, that may yield new data, are strongly 
requested.  

The authors of this paper present paleomagnetic research of the Upper Cretaceous trachytic rocks derived 
from Gebel El Nuhod (Figure 1), located to the south of the Egyptian Eastern Desert. The results of the present 
study will enrich the African paleomagnetic database and will be helpful in paleotectonic reconstruction as well 
as in understanding the development of the Red Sea rift system.  

 
Geologic Setting: 

 
During the Phanerozoic, continental intraplate volcanic activities in Egypt were taking place that resulted in 

the extrusion of volcanic rocks of wide compositional variations, sizes and mode of eruptions. These volcanic 
rocks are scattered throughout the Eastern and Western Deserts of Egypt. Geochronological studies on these 
Phanerozoic volcanics (e.g. Meneisy and Kreuzer, 1974; El Shazly, 1977; Hashad et al., 1978; Hashad and El 
Reedy, 1979; Ressetar et al., 1981; Franz et al., 1987; Meneisy, 1990 and Stairs et al., 1991) revealed three 
phases of volcanic activity in Egypt: Palaeozoic (395-233 Ma), Mesozoic (191-74 Ma) and Tertiary (48-15 Ma). 
The Palaeozoic and Mesozoic volcanic rocks range in composition from olivine basalt to trachyte, whereas the 
Tertiary ones are largely basaltic. In the present study, one of the Mesozoic trachyte plugs (Gebel El Nuhod), 
has been chosen for paleomagnetic investigation.  

Gebel El Nuhod consists of two trachyte plugs 6 km apart, located at 24° 35’N: 34° 22’ E and 24° 33’ N: 
34° 20’ E, called El Nuhod North and El Nuhod South, respectively. Rocks of the two plugs are similar in 
composition and are texturally homogeneous (Baker et al., 1972 and Moghazi et. al., 1997). Gebel El Nuhod is 
located to the north of Wadi Natash volcanics and approximately 12 km SE of Gebel Abu Khrug ring complexes 
(Fig. 1). Both of these two plugs are about 200 m high above the wadi level and 300 m in diameter. They are 
structurally controlled by the northeastern and northwestern older fractures in the Nubian Shield (Hashad, 
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1994). Dating of the studied trachyte rocks using K-Ar gave 78 Ma (Higazy & El Ramly, 1960). The main 
petrochemical features of these rocks are their iron-depletion and their relatively high abundance of alkalies. 
These rocks consist of alkaline feldspar, interstitial aegirine, riebeckite, biotite and nepheline (Moghazi et. al., 
1997). 

The tectonic setting of the present rocks pertains to the volcanic eruption associated extensional tectonics 
and represents the intraplate and anorogenic type of magmatism. This type of magmatism occured commonly 
throughout the continent and its general age post-dated the Pan-African orogeny (Cambrian) but preceded  the 
opening of the Red Sea rift (Tertiary). According to Baker et al., (1972) the occurrence and distribution of the 
Nuhod trachytic rocks is associated with extensional faulting resulting from the melting of upper mantle and 
doming due to the volume increase. Such a phenomenon resulted in regional tension and extensive erosion 
(Best, 1982 and Lamere et al., 1984). In the geologic framework established by Baker et al., (1972), the regional 
upwarping and related faulting was the greatest allover the East African rift where the volcanism was almost 
entirely trachytic. Different volcanism characterized by bidomal association of basalt and trachyte is known on 
the flank of the basement swell. In this geological framework, the area of study forms most probably the 
northern flank of a swell, along which the early basaltic flows are extensively eroded and only the later higher 
trachytic vents remains, whereas the southern down-faulted block of Wadi Natash basalt retains the bidomal 
association. This may explain the abundance of Wadi Natash basalts along the southern side of the trachytes and 
the absence of the former one to the north. 
 
3. Sampling and Laboratory Procedures: 

 
All samples used in the present study were collected from the El Nuhod southern plug, located at Lat. = 24° 

33` 51" N. and Long. = 34° 20` E, as the rocks of the two plugs are similar in composition and are texturally 
homogeneous (Baker et al., 1972 and Moghazi et. al., 1997). Standard one–inch diameter samples (7-10 cores 
from each site) were drilled out at fourteen sites either in the field using a portable water-cooled driller or from 
oriented hand samples in the laboratory. In both cases, the samples were oriented using magnetic compass. Each 
core was cut into specimens with 2.4 cm length, yielding a total of 159 specimens along the fourteen sampled 
sites. 
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Fig. 1: Geologic map showing location of sampling sites (triangles) within the El Nuhod South plug. 

 
In order to identify the magnetic minerals within the studied rocks, several rock magnetic experiments were 

performed. At first, isothermal remanent magnetization (IRM) acquisition curves were analyzed for 
representative specimens from each of sampled site. In this experiment, the specimen was exposed to a series of 
stepwise-increasing fields (up to 0.5 T) using a pulse magnetizer (M10). After each applied field the magnetic 
remanence was measured. These studies were followed by back-field experiments performed in order to 
estimate the coercivity of the remanence (Hcr). Further experiments included thermomagnetic studies of 
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induced magnetization (using the Curie Balance) and thermal variations of the magnetic susceptibility (using 
KLY-4). In both experiments, samples were heated in air from room temperature up to a 700°C and 
subsequently cooled back to room temperature. Rock magnetic experiments were supplemented by analyzes of 
hysteresis parameters with application of Vibrating Sample Magnetometer (Molspin). 

The natural remanent magnetization (NRM) was measured using a 2-G SQUID magnetometer at 
paleomagnetic laboratory of the Institute of Geophysics at Warsaw, Poland. Detailed demagnetization processes 
using both alternating field (AF) and thermal demagnetization were performed for the collected samples. In the 
AF treatment, specimens were progressively demagnetized at increments of 5 or 10 mT, up to a peak field of 
about 160 mT using a magnetically shielded demagnetizer attached with the SQUID. In case of thermal 
demagnetization, the specimens were heated in air up to 450°C in step of 50°C. Then the heating steps were 
decreased to 15-25°C up to the maximum heating value of 675oC. Thermal cleaning was carried out using a 
single unit shielded Thermal Demagnetizer of Magnetic Measurements (MMTD80) with ±5oC accuracy. 
Magnetic susceptibility was measured for all samples before heating and after each thermal demagnetization 
step for monitoring mineralogical change within the samples due to heating. The later measurements were 
performed using a KLY-4 bridge susceptibility meter.  

 
Rock Magnetic Properties: 

 
Low-field magnetic susceptibility measurements performed at room temperature reveal high values, ranging 

from 0.8 x10-2 to 1.9 x10-2 SI, indicating that studied rocks contain a relatively high amount of ferromagnetic 
minerals. Results of IRM analyzes were similar for all studied sampling sites (Fig. 2) and documentied 
significant increase of the magnetic remanence after application of lowest fields and then almost complete 
saturation of samples in fields of 200mT. These results imply that studies rocks contain mainly low and middle-
coercivity magnetic minerals. Similar outcomes result from the back-field experiments where observed values 
of Hcr range from 20 to 40 mT, confirming the dominance of relatively soft magnetic minerals (Fig. 2). 
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Fig. 2: Back-field and IRM acquisition curves for characteristic samples of the studied rocks 

 
Results of thermomagnetic studies obtained with application of the Curie Balance implying the presence of 

the magnetic phase characterized by Curie temperatures of around 540°C. The cooling curve displays significant 
increase of magnetic signal that points to the formation of new ferromagnetic minerals due to thermo-chemical 
alterations (Fig, 3a). Corresponding results were achieved in thermal magnetic susceptibility analyzes where 
moderate increase of the signal (interpreted as a Hopkinson effect) was immediately followed by its rapid 
decline at temperatures of 570°C, determining the Curie point of the dominant ferromagnetic phase. The cooling 
curve of the same figure documented the formation of new magnetic minerals characterized by similar Curie 
temperatures as observed in the heating curve (570°C, Fig 3-b).   

Studies of hysteresis curves give similar results in all studied samples, documenting a relatively narrow 
loop and saturation achieved in fields of 0.15 - 0.25T(Fig.4). Hysteresis results are in line with other rock 
magnetic results indicating the presence of middle and low-coercivity magnetic minerals. These conclusions 
together with the determined Curie temperature values imply that magnetite represents the main magnetic 
mineral of studied rocks. Aiming to determine size of magnetite particles, rock magnetic results, including ratios 
of saturation remanence to saturation magnetization (MR/MS) as well as coercivity of remanence ratio to 
coercive force (HCR/HC), were plotted on Day diagram (Day et al., 1977). Results indicate that the magnetite 
occurring in studied rock samples represents the pseudo single domain (PSD) grain size (Fig. 5).  
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Fig. 3: Thermomagnetic analysis curves of representative samples from studied rocks.  
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Fig. 4: Hysteresis curve for a representative sample from the studied rocks 
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Fig. 5: Day plots for the measured samples from the studied rocks. 

 
MR; saturation remanence, MS: saturation magnetization, HCR; 
coercivity of remanent, HC: coercive force. Single domain (SD), peseudo-single domain (PSD) and 

multidomain (MD) fields. 



4628 
J. Appl. Sci. Res., 8(8): 4624-4634, 2012 
 

 

Paleomagnetic Results: 
 
The initial value of the natural remanent magnetization (NRM) of the collected samples shows relatively 

high values, ranging from 5x10-4 to 2x10-3 mA/m. The only exception is made for samples from site no. 13 that 
exhibit lower values, of about 5x10-5 mA/m. The majority of the measured samples within a single site exhibit 
only the minor variation in NRM directions. Detailed demagnetization processes were performed for the all 
collected sites, using both thermal and AF techniques (Fig. 6). The maximum unblocking temperatures were 
achieved at about 570°C while most of the magnetic remanence was demagnetized in fields of 120 mT, with a 
median destructive field of less than 25mT. Both results are in line with outcomes of rock magnetic studies and 
imply that the NRM is mainly recorded on the PSD magnetite carrier. 

Demagnetization results indicate the occurrence of only the minor viscous component removed by 
temperatures of 100-150°C and AF of 0.5 mT. Results of further demagnetization cleaning performed by both 
thermal and AF method imply the occurrence of only one characteristic remanenent magnetisation (ChRM) 
component. This is evidenced by the fact that points representing successive demagnetization steps display 
linear alignment, oriented toward the origin of the Zijderveld diagram. The direction of this single ChRM 
component of each demagnetized sample was easily determined using Principle Component Analysis technique 
(Kirschvink, 1980) with the best-line fit anchored at the origin. The obtained orientations of ChRM components 
separated from both thermal and AF demagnetizations techniques were similar within single sites. The magnetic 
components separated from each site were gathered and their average site mean was calculated using Fisher 
statistics (Fisher, 1953). Examples of the separated components and its site mean are shown in figure 7. It is to 
be noted that samples from site no. 13 reveal low intensity of NRM as well as display unstable demagnetization 
behavior and therefore the result of this site was neglected. 

  

 
 

Fig. 6: Representative demagnetization plots for thermal (at left) and AF demagnetization (at right). (A) 
Represents intensity decay curves, (B) Represents Zijderveld diagrams, (C) Stereographic projection of 
NRM direction during the demagnetization process.  
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Fig. 7: Example of the separated characteristic component directions from site no. 10 and its site mean. Solid 

circle indicates positive inclination and open circle indicates negative inclination. Dashed circle is the 
confidence circle of the site mean. 

  
Table 1: Site means and pole positions of the El Nuhod samples. (Lat. = 24° 33` N. and Long. = 34° 20` E.)   

Site Dec(°) Inc(°) N k 95(°)  Plat Plong dp dm Pal-lat 
N1 315.1 -19.6 12 206 4.6  34.1 271.5 3.5 6.7 -10.1 
N2 343.9 1.1 12 55.6 4.3  61 250.0 2.2 4.4 -1.8 
N3 131.0 6.9 13 57.11 11.4  35 280.9 0.8 1.6 -3.5 
N4 349.0 -16.0 11 140.2 7.8  55.6 233.5 7.9 15.2 -8.7 
N5 321.2 -1.0 12 54.7 7.0  45.0 286.5 3.6 7.2 -1.0 
N6 352.0 41.7 11 107.1 12.0  81.4 247.4 0.4 0.7 -19.2 
N7 316.2 -32.4 13 59.0 13.4  30.2 264.3 1.8 3.6 -18.0 
N8 333.3 -39.4 14 29.3 12.0  36.5 245.5 0.8 1.4 -22.6 
N9 313.0 -34.1 12 252.6 8.2  27.1 248.5 0.6 1.1 -19.9 
N10 323.7 16.1- 13 64.7 18.3  41.7 266.1 3.5 6.7 -10.0 
N11 .0331 48.0- 11 535.4 1.8  29.6 243.1 1.6 2.4 -29 
N12 127.9 2.3 12 486.1 5.6  33.4 285.2 0.5 1.0 -0. 3 
N14 148.0 1.9 13 35.1 9.5 50. 269.6 0.5 1.0 -2.0 
Mean 324 -18.0  24.0 10.6 41.0   264.0  6.0 11.0 -9.0 

N: number of specimens (sites), D: declination, I: inclination, K: precision parameter,  95: radius of the cone of 95% confidence, Plat., 
Plong.: latitude (oN) and  longitude (oE) of magnetic pole and dp and dm; pole precession parameters, Pal-lat; paleo latitude(°N). 
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Fig. 8: (A) Equal area projection with the calculated site means (circle)s.  Solid circle indicates positive 
inclination and open circle indicates negative inclination.(B) Site means after rotation of reversed 
directions through 180o together with  overall mean directions of the studied sites (red star).Dashed 
circle represents confidence circle around the overall mean. 
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Discussion: 
 
The obtained site mean directions listed in Table (1) and plotted in Fig (8) represent  both normal (Sites 1, 

2, 4, 5, 7, 8, 9, 10 and 11) and reverse (Sites 3, 12 and 14) polarities. Results derived from site 6 are not in 
consistence with other directions (Tab. 1) and most probably represent younger, secondary component; therefore 
was neglected from further calculations. Close examination of the results obtained reveals that, the  means of 
normal and reversed directions are not exactly ani-parallel and the angel 0 between the two means amounts to 
22.6o (after rotation of one of the means through 180o). Application of the reversal test after McFadden and 
McElhinny (1990), gives inconclusive results since the obtained value of the critical angle c is 24.10 (the angle 
at which the two directions become significantly different at the 95% confidence level). Consequently, it is not 
exactly evident if all discussed normal and reversed site mean directions belongs to the same population.  

 It is to be noted in this regard that, the ChRM component separated from sites representing both normal 
and reverse polarities displayed matching magnetic properties in the course of thermal and AF demagnetization. 
Besides, results of both demagnetization methods did not show evidences for the occurrence of any other 
component characterized by blocking temperatures and coercivity spectra partially overlapped with the ChRM 
component. Therefore, authors conclude that the separated ChRM site mean directions represent the true 
directions of magnetic field recorded during progressive cooling of the volcanic plug. The small difference 
between normal and reversed directions could be explained by assuming that, sites representing normal polarity 
and moderate negative inclinations (Sites 7, 8, 9 and 11) correspond to anomalous magnetic field directions 
recorded during reversal or geomagnetic excursion. Alternatively, the authors suggest that reverse directions 
(Sites 3, 12 and 14) are slightly different from normal directions only as a result of statistical error that is not 
averaged because of the small number of sites recording the reversed polarity. The later assumption is preferred 
by the authors and supported additionally by the fact that, distribution of all of the site mean directions displays 
Fisher’s distribution and does not shows any significant elongation (Fig, 8b, after rotation of reversed directions 
through 180o). 

The overall site mean direction calculated for all discussed sites (excluding site 6 and 13) is D= 324o, I= -
18o with  95= 10.6 and K= 24, while the corresponding paleopole lies at Plat= 41°N and Plong= 264°E (Table. 
1). The obtained virtual geomagnetic pole for individual site and their average paleopole (listed in Table 1) are 
plotted in Figure 9.  

Comparison of the obtained pole with the African reference data for the Cretaceous age are summarized in 
Table (2) and plotted in Figures (10) and (11).  

The comparison presented here shows that, the obtained pole (P-pole) coincides with the poles of older age 
than that of the studied trachyte rocks (110-130 Ma) and does not match with the African poles of similar age 
(~78Ma, the age of the studied rocks). Assuming that, the discussed rocks were properly dated (Hashad & El 
Ready, 1979) and the obtained magnetization is a real one, we suggest that this inconsistency could be a result 
of tectonic movement that could affect the studied area after the intrusion and solidification of magma. This 
interpretation is in line with geological models reporting significant tectonic movements in the Cretaceous, 
where the Cretaceous time witnesses' major tectonic movements related to the initial rifting of South Atlantic 
and corresponding Africa-South America divergence and Afro-Arabian strikes slip faulting. This interpretation 
means that the area under investigation could suffer about 30 degrees drift northward during the Cretaceous 
time. This interpretation is difficult to be accepted, as there is no geologic evidence for such great drift. In 
addition, the paleomagnetic results obtained for Cretaceous rocks from areas not far from the studied rock did 
not support such assumed movements (see N.N.S-pole in figure 10 and pole from Wadi Natash volcanic in table 
(see Table 2).  

 
Table 2: Selected Cretaceous paleopole positions of the Africa 

Rock unit, location                                                              Age              Paleopole 
                                                                                           Ma                Lat.(oN)  Long(oE). 

Reference 

1- North Sudan Volcanic Field, NE Africa               61-82           56          274 Sardeth et al. (1989) 
2- Melilite basalts, S. Africa                                      64-77           85          243 Duncan et al. (1978) 
3-  Qusier Trachytes, Egypt, NE Africa                    63-92           63          252 Ressetar et al. (1981) 
4- East El Oweinat Vol., Egypt, NE Africa               65-97           68          296 Hussain & Aziz(1983) 
5- El Kahfa Ring Complex, Egypt, NE Africa          74-95           61         238 Ressetar et al. (1981) 
6- Abu Khrug Ring Complex, Egypt, NE Africa       87-91          59         266 Ressetar et al. (1981) 
7- E. Aswan Nubian ss., Egypt, NE Africa               45-135         75          203 El Shazly &Krs(1973) 
8- Wadi N. Nubian ss. Comb., Egypt, NE Africa     45-135         82          223 Schult et al(1978,1981) 
9- Group I Kimberlites, S. Africa                              81- 100       64          226 Hargraves (1989) 
10- Wadi Natash Volcs., Egypt, NE Africa                86-100         69         258 Schult et al.(1981) 
11- Wadi Natash ss.&volcs., Egypt, NE Africa         78-111          64         218 El Shazly & Krs (1973) 
12- Wadi Natash Intrusions, Egypt, NE Africa         78-111          76         228 Ressetar et al. (1981) 
13- Kars Souk Red beds, Morocco, NW Africa         65-145         66         227 Martin et al. (1978) 
14- Lupata Volcanics, Mozambique, SE Africa        109-113        64        257 Gough & Opdyke(1963) 
15- Kaoko Basalts, Namibia, SW Africa                   120-140        56        264 Gidskehauget al. (1975) 
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16- Beni Mellal Intrusive, Morocco, NW Africa       110-130        46        258 Westphal et al. (1979) 
17- Infra Cenomanian seds., Morocco, NW Africa   98-144          75        227 Hailwood (1975) 
18- Mlanje Synite, Malawi, SE Africa                      119-131        64         258 Briden (1967) 
19- Group II Kimberlites, S. Africa                           113-145        56        268 Hargraves (1989) 
20- El Naga Ring Complex, Egypt, NE Africa          ~140            69        268 Abd El-all (2004) 
21- Wadi Abu Shait Dikes, Egypt, NE Africa           65-200          51       272 Hussain et al. (1979) 
22- Nubia S. S. Western Desert, Egypt                     113-124         78       294 Khashaba (2010) 
23- Gebel El-Nuhod trachyte, Egypt, NE Africa      ~78                40.7    263 The present study 

 

 
 
Fig. 9: Virtual geomagnetic poles (circles) obtained from the El-Nuhod rocks and the mean paleopole (star. P) 

with its confidence oval. Numbers represent vgp site no and P is assigned to the m paleopole. 
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Fig. 10: Reference Cretaceous virtual poles for Africa (closed circles) with the pole derived in this study (closed 

square, P). Numbers refer to pole no. listed in table 2.  
 
Therefore, if we accept the age of the rocks and the reality of the separated components and refusing the 

great tectonic drift, we can refer such inconsistency to the local rotation of the studied rocks around a horizontal 
axis, as the obtained pole lies on the same longitude of the corresponding poles of the same age. This 
interpretation could be accepted on the light of idea proposed by Baker et. al., (1972) and Hashad, (1994) 
concerning the mode of occurrence and post tectonics affecting the studied rocks.  This interpretation is also in 
agreement with the idea of the regional change of the paleoslope (rotation of this area along horizontal axis) that 
took place during the Late Cretaceous reported by Ward and McDonald, 1979. 
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Fig. 11: Reference Cretaceous pole positions for African (after Besse and Courtillot, 2002) with the pole 
obtained in the present study (P-pole, closed square). A-poles, (triangle) are the average poles 
obtained for the Egyptian Nubia Sandstone (Elhemaly et al., 2004). Ellipse of 95% confidence is 
given.  Numbers reflect the age in Ma.   

 
Conclusions: 

 
234 specimens were collected from the trachyte rocks of Gebel El Nuhod South along 14 sites. Rock 

magnetic experiments performed on these rocks reveal the presence of magnetite of PSD grain size as a main 
magnetic mineral responsible for magnetization. Demagnetization processes revealed that the remanent 
magnetization of the El-Nuhod rocks is of high-unblocking temperature, with mixed polarity magnetization and 
is thought to be of primary origin. The calculated paleopole of these rocks does not coincide with the African 
pole of the same age (78 Ma), but is similar to poles of older age. This latitudinal drift is interpreted as the effect 
of local rotation around a horizontal axis. Such a rotation of these rocks took place after the intrusion, 
solidification and acquisition of their magnetization.             
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