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ABSTRACT

Magnetic survey is usually used to delineate magnetic-structural lineaments, analysetheir relationships to the inherited
ductile fabrics and estimate the depth of perturbing body sources, probably granitic intrusions. These were conducted on the
total magnetic intensity map reduced to the pole as well as First Vertical Derivative and Euler Deconvolutionmaps to show
various aeromagnetic structural lineaments which were interpreted as fault systems.

The early deformational event as(D1) produced sets of NE-SW striking local and regional fractures and faults. The second
deformational event (D2) generated mainly NNW-SSE and NW-SE faults and fractures some of which intersected earlier (D1)
structures. At the northern and eastern parts of the study area (D1/D2) intersections are observed. The last event (D3)created
NNE-SSW set of fractures and faults brought out by splay of dykes and reactivated some (D1 and D2)fractures and faults. The
study area is also characterized by a major, N-S trending, late-stage dyke system that extends through the area.

In order to estimate source depths from gridded aeromagnetic data, 3-D Euler Deconvolution method was applied. The
calculated source depths are in the range of 200 m to 3500 m. The deepest structures are in the ENE-WSW direction and have
depths ranging from about 1100 m to 3000 m in the southeastern part of the study area. On the other hand, the network of
parallel major structures trending in NNW-SSE direction have a shallow depth of about 700 m.

Rare-metal granites of the central Eastern Desert of Egypt are classified chemically into alkaline to peralkaline and per-
aluminous granites. They display the typical geochemical characteristics of A-type granites, with high SiO2, Na20+K?20, Rb,
Zr, Nb, Ta, Sn, and Y, and low CaO, MgO, Baand Sr. The magmatism of the rare metal granites of the central Eastern Desert
are related to anorogenic, within-plate, A-type, subvolcanic setting and emplaced in the extensional tectonic regimealong to

the inherited ductile fabrics.
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INTRODUCTION

Many exploration activities, carried out in
the Central Eastern Desert (CED) of Egypt,led
to confirm the metallogenetic importance of
younger granites. Some of these granites present
albite enrichment, which attracted an increased
economic interest, due to their association with
high concentrations of rare metals, such as:Sn,
U, Nb, Ta, Y, Zr, and REE (Abd-Elmeguid et al.,
2003).

There are 15 albitegranitoid plutons in the
Eastern Desert (ED) of Egypt, which were
Sn-W-Nb-Ta enriched (rare-metal granites
“RMG”). These were first described in some de-
tail by Sabetet al., (1976) and others. They have
the following general features: small size (< 1 to
3 km2 in outcrop), often part of larger granitic
massifs; with domal (Nuweibi, Muelha, Zabara,
Qash Amir), lensoid (HumrWaggat, Ineigi, Um
Naggat) or stock-like (Igla, Abu-Dabab shapes).
Depending on geology and composition of the

host rocks, rare metal deposits which related to
enriched albite granites can be divided into four
different types (Fetherston2004): 1. Peralumi-
nous rare-element granitic pegmatites, mineral-
ized with Ta, Li, Cs, (Be, Sn, and Nb). 2. Peralu-
minous rare-metal granites, also known as Li—
mica albite granites, Li—F granites, or apogran-
ites, mineralized with Ta and Sn, (Be, Li, and
Nb). 3. Peralkaline granites and quartz syenites
mineralized with Zr, rare earth elements (REE),
and Nb, (Ta, Sn, U, and Th). 4. Carbonatites and
nephelinesyenites mineralized with Nb, REE, P,
and Zr, (Ta).

A metasomatic origin was proposed for the
origin of albite-rich granites (Beus et al., 1962).
Therefore, they named these plutons asapogran-
ites and concluded that the rare-metal enrich-
ment and other compositional peculiarities were
post-magmatic. These viewpoints were chal-
lenged by the discovery of volcanic and subvol-
canic equivalents of apogranites (Cuney et al.,
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1992). The studies of these rocks, along with
experimental results on the granitic system with
addition of fluorine, boron and lithium (London,
1987) have led many recent workers to consid-
er the unusual compositional features of albite
granites and rare-metal pegmatites to be mag-
matic (Cerny 1991).

This work aims to determine geophysical and
geochemical signatures of rare-metal granites in
the CEDof Egypt and their tectonic setting impli-
cations, which plays an important role in granitic
emplacement and albitizationof rare-metal min-
eralization. Aeromagnetic method, being a faster
economical and versatile geophysical tool, may
help reveal both large and small-scale features,
including differences in basement rocktypes,
magmatic intrusions, basement surface and fault
structures (Vasanthi et al., 2000).

GEOLOGICAL SETTING
Geological Environment of Rare Metal Granites

In the CED of Egypt, Abu Dabab,Nuweibiand
Um Naggat, other rare metal granites were em-
placed in juvenile Neo-Proterozoic (Fig. 1).
They are made up of ophiolitic mélange, syn-
orogenicmetagabbro—diorite complexes and
granitoids, late to post-orogenicgranitoid intru-
sions, as well as post-accretionaryvolcanics and
molasses-type sedimentary rocks (Helba et al.,
1997;Ali, 2003).

Abu Dababalbite granite

Abu Dabab granite takes an ellipsoidal shape,
except its north-western part, whichexists a nar-
row off-shoot, about 150m in length. It is elon-
gated in an E-W direction, with a maximum
length of about 400m (Fig. 2). The albite gran-
ite of Abu Dabab is leucocratic, holocrystalline,
white grey to greenish blue with manganese
oxides spots and dendrites. It is mostly fine- to
medium-grained and occasionally possesses a
porphyritic texture. The characteristic alteration
processes in the Abu Dabab granite are greiseni-
sation, microclinisation, silicification and albiti-
sation.

Ta-Nb-Sn mineralisation at Abu Dabab is
represented by disseminated cassiterite and ni-
obio-tantalite, hosted in a stock of albite gran-
ite. No significant disseminated mineralisation

is present in the country rocks surrounding the
intrusive mass, therefore, the ore deposit limits
correspond to the limits of the granitic body (Sa-
bet et al., 1976).

Nuweibialbite granite

Nuweibialbite granite is divided into eastern
fine-grained albite granite and western medi-
um-grained albite granite parts, by a strike-slip
fault along WadiNuweibi (Fig. 3). The contact
between Nuweibi granite and country rocks is
locally marked by a stockscheider consisting
of feldspar—quartz pegmatite and quartz cap
(Renno, et al., 1993; Ali, 2003). Tin mineralisa-
tion was first discovered at Nuweibi in 1944 but
until 1970, tantalum was also recognised. The
deposit was the subject of detailed exploration
by the same joint Soviet-Egyptian team that ex-
plored Abu Dabab. The Nuweibi mineralisation
is hosted by albite granite intrusive, within a se-
quence of serpentinites, gabbros, older granites
and dykes of varying compositions. The albite
granite that hosts the mineralisation is comprised
of three main facies, an upper, middle and lower,
each separated by a transition zone. The eastern
part of Nuweibi granite has higher modal albite
contents and lower Nb/Ta ratios (~0.4, Helba
et al.,1997) and contains indicated and inferred
resources of 98 Mt of ore at 146 g/t Ta205
(Gippsland Ltd, 2007). In addition, microlite,
(REE-rich) zircon, monazite, xenotime-(YDb),
thorianite, REE fluoro-carbonates and fluorite
were identified as accessory phases in miner-
alised granites from Abu Dabab and Nuweibi
(Frank et al., 2015).

Um Naggatalbitegranite

Um Naggat granites (Fig. 4) represent a con-
centrically zoned, elliptical-shaped (with an
ENE-WSW large axis), 13 x 7.5 km, granitic
body is composed of: 1) a central biotitemon-
zogranite with allanite and titanite, 2) an outer
alkaline to peralkaline granites rim with hyper-
solvus textures, with biotite, allanite, cassiterite
and fluorite. The northern rim of the granite is
albitized (40 to 240 m width and 8 km long).
Alterationsare developed along a NW-trending
structure andkaolinzation, greisenization altera-
tions and yellow to violet fluorite veins are re-
corded (Gaafar, 2015). Pegmatite lenses (1.0 x
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0.3 m) are characterized by garnet, fluorite and
Nb-Ta mineralization occur at the northern mar-
gin. The high Nb (104 to 672 ppm), Zr (223 to
2022ppm) and Y (35 to 180ppm) contents of the
two granites indicate an alkaline to peralkalin-
efeatures for both of them (Gaafar, 2015).

AIRBORNE MAGNETIC DATA

Magnetic anomalies in the Earth’s magnetic
field are caused by magnetic minerals in the
rocks, and maps of these anomalies can be in-
terpreted in terms of geology (Silva et al., 2003).
The main goal for the use of the aeromagnetic
data is to delineate geology and structures which
normally serve as conduits for hydrothermal
fluid deposition. The concentration of magnetic
minerals or their excessive destruction by hy-
drothermal alterations, especially along tectonic
structures enhances the use of this method for
the detection of geological structures (Plumlee
et al., 1992). In order to locate the observed
magnetic anomalies directly over the magnetic
source bodies, the total aeromagnetic-intensity
grid was transformed into reduction to the pole
(RTP)magnetic-intensity grid map (Murphy,
2007) using the 2D-FFT filter. This map of RTP
magnetic data (Fig.5) sharpens the contacts be-
tween the magnetic high and low patterns as well
as anomalously high magnetic susceptible zones
probably coming from deeper sources. Analyti-
cal maps are useful as a type of reduction to pole
when applied to magnetic data collected from
low magnetic latitudes, such as the study area.
The analytic signal amplitude is independent of
the direction of magnetization of the source and
is related to the amplitude of magnetization (Ro-
est and Pilkington, 1993).

Geological concepts are applied for targeting
structural settings favourable for rare-metal de-
posits, using detailed magnetic images. They are
also used to locate subsurface prospectives of
typical outcrops. The identification of these fa-
vourable structural settings, led to the increased
use of aeromagnetic data in rare metal deposit
exploration.

This suggests that the anomalies on the total
magnetic intensity map reduced to the northpole
(RTP), anomalies are strongly influenced by re-
gional tectonics. The reduction to the pole (RTP)

operation transforms the observed magnetic
anomaly into the anomaly that would have been
measured if the magnetization and ambient field
were both vertical. This puts the limits of the
magnetic anomalies directly over their sources,
like gravity anomalies, thus making magnetic in-
terpretation easier and more reliable.

The map of RTP magnetic data (Fig. 5) shows
the observed magnetic anomalies directly over
the magnetic source bodies and sharpens the
contacts between the magnetic high and low
patterns as well as anomalously high magnetic
susceptible zones probably coming from deeper
sources. The sharp contacts between granitic
outcrops with metavolcanics on the eastern and
northern parts of the geologic map are clearly
obvious on the various magnetic maps. They
also confirm the great agreement of the magnetic
intensity data with surface geological structures,
which indicate their extensions in depth. As can
be seen, the biotite granite shows values of the
magnetic intensity higher than those of the albite
granite, which may be due to increase of magnet-
ic mineral content in the former than that in the
later. Qualitatively, the RTP map (Fig. 5) shows
the magnetic field amplitudes, reach more than
43800 nT.These are relatively high compared
with their spatial distribution which are associat-
ed with the northeast part. The map shows varia-
tions in the magnetic intensity, indicating varia-
tions in either lithology or basement topography.
Therefore, the main sources of magnetic anoma-
lies are expected to depend on the basement set-
ting and its magnetic properties. The RTP aero-
magnetic map of the study area was obtained in
an attempt to delineate the subsurface structures
(Fig.5). The aeromagnetic anomalies range from
41900 to 43850 nT and are characterized by both
low and high frequencies. The map reveals that
the positive magnetic anomalies have a general
NE-SW and NW-SE directions, which represent
the main characteristic structural directions of
the Eastern Desert of Egypt.

Figure (6) is a representation of the delineat-
ed interpreted magnetic structural lineaments,as
deduced from the RTP magnetic map. This in-
terpreted structural map gives an idea about the
depositional time-sequence of formation of the
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lithological units and some geological structures
in the study area. The interpreted magnetic struc-
tural map (Fig. 6) reveals enhanced structural
features that include faults, shears, fault inter-
sections and fracture systems that mainly trend
in four directions NW-, NNW- NE- and ENE.
This is quite obvious, where there are a large
number of magnetic markers striking perpendic-
ular to these structures. The most important and
perhaps the youngest trends of these structures
extend in the NW- and NNW-directions because
they are characterized by their long lengths of
extensions and cutting most of the rock units and
the remaining two structures (NE- and ENE) of
the studied area. Consequently, the oldest phase
of structural lineaments extends in the ENE-di-
rection that dissects and displaces, mostly with
left lateral movement, the youngest structures.

To emphasize the effects of geological con-
tacts, critical for the structural framework of
the study area, data processing involved accu-
rate enhancement of the short-wavelength and
linear features. In that regard, the acromagnetic
data were first re-gridded with a grid-cell spac-
ing of 250 m and then subjected to regional/
residual separation to isolate short-wavelength
signals which are more suitable for high-resolu-
tion mapping of shallow magnetic boundaries.
The regional-residual separation of anomalies
was applied to the RTP aeromagnetic map of
the study area. The Geosoft package software
(V.6.3) was used for analysis of the data. Filter-
ing assisted in the discrimination between shal-
low and deep-seated sources of aeromagnetic
anomalies and produced the regional and re-
sidual magnetic-component maps (Figs. 7&8).
The high magnetic contrast along the contacts
of acidic and basic rocks mostly reflects clearly
sharp contacts, as shown on the regional mag-
netic-component map (Fig. 7). The elongated
stretches of low magnetic values generally cor-
respondto granitic rocks. Meanwhile, the broad
and high magnetic patterns, seen at the eastern
and northeastern parts of the study area, gener-
ally represent metavolcanics.

Since the magnetic intensities of older gran-
ite decrease sharply along the centre of the study
area, therefore, the lowest magnetic values may

reflect deep-seated sources of granitic magma,
which are elongated from east to west in the cen-
tral part of the study area. The oval-shaped low
magnetic anomaly, that is associated with albite
granite, indicates that it is deep-seated, which
was resulted from highly-differented patch of
albite granite. The residual magnetic-component
map (Fig. 8) helped to attenuate broad, more re-
gional anomalies and enhance local, more subtle
magnetic responses, because of their sensitiv-
ity to shallow magnetic source bodies and con-
tacts. It also assisted to draw and deduce subtle
extensions of various structures enhanced by
other filtered grids. The residual aeromagnetic-
component image map (Fig. 8) indicates that
geological units were fractured and faulted by
different tectonic regimes. The granitic plutons
are more tectonically disturbed, i.e., increasing
rock permeability, thus, possess the potential to
host hydrothermal fluids.

Some faults were not clearly noticed on the
regional-component arecomagnetic map (Fig.
7), but well exposed on the residual one (Fig.
8). Three high anomalous zones, trending in the
NE-SW direction, which are associated with
metavolcanics, are observed on this image.This
configuration of positive anomalies may be at-
tributed to relatively deep-seated, low-relief
basement structures.

To delineatethe subsurface structures of
the study area, two approaches were followed.
These approaches are the first vertical derivative
(FVD) method to delineate linear structures and
the Euler deconvolution to constrain depths of
perturbing body sources.The results of the two
methods, with available geological information
were used to help in understanding subsurface
structures of the study area. Derivatives tend
to sharpen the edges of anomalies and enhance
shallow features. The FVD map (Fig. 9) is much
more responsive to local influences than to broad
or regional effects and therefore tends to give
sharper image than the acromagnetic field inten-
sity map. The enhancement of magnetic anoma-
lies associated with faults and other structural
discontinuities were achieved by the application
of FVD to the residual map (Fig. 9) (Dobrin and
Savit, 1988; Telford et al., 1990).
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Fig. (1) Geological map of rare
metal areas, CED, Egypt
and their locations (modi-
fied from EGSEMA, 1992).
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The FVD aeromagneticstructural lineament
map shows the long regional trends which con-
trol the subsurface structures beneath the studied
area(Fig. 10). In this study, ENE-WSW, WNW—
ESE and E-W are the dominant trends affecting
the study area. The relationships among these
trends suggest that the area was subjected to
more than a single tectonic event.Taking into
account the geological setting of the study area
characterized by the presence of faults, the gen-
eral abundance of structural lineaments observed
in this part of the area could be related to faulting
associated with the concurrence of deep-seated
basement structures.

The structures of the study area is character-
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ized by the presence of WNW-ESE and NE—
NW trending ones that correlate well with the
trends of aeromagnetic lineaments, identified
on the synthetic lineaments map. The study area
is dominated by a series of NE trending shears,
which are interpreted as high angle fault struc-
tures formed during regional NW-SE compres-
sion. A higher degree of shearing and faulting
at the contact zone of the meta-sediments and
metavolcanics, have caused shifting of the dykes
towards the NE direction. Figure (5) recorded
low magnetic anomalies due to the increase in
rock permeability (intense faulting and shearing,
thus, the ability to host hydrothermal fluids).

The objective of the 3D Euler deconvolu-
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Fig. (6) Lineaments as deduced from the RTP
aeromagnetic map with their rose dia-

gram of the three rare metal granites
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areas, Central Eastern Desert, Egypt.
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tion process is to determine the shapes and cor- Geophysical constraining is focused mainly
responding depth estimates of geologic sources on direct interpretation of the magnetic field
of the magnetic anomalies. The way to reduce by Euler deconvolution. The advantage of this
the instability and decrease the non-uniqueness method of magnetic data enhancement is that its
of the solution is to integrate geological and geo- amplitude function is always positive and does
physical constraints into cluster depth maps of not need any assumption of the direction of body
dyke structural index (Fig. 11)contact structural magnetization (Jeng et al., 2003). The maxima
index (Fig. 12). of the analytic signal can be used to detect the
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structures responsible for the observed magnetic
anomalies over the studied area.

Depth estimation by Euler deconvolution
technique was used for delineating geologic
contacts. This technique provides automatic es-
timates of source location and depth. Therefore,
Euler deconvolution is both a boundary finder
and depth estimation method. It is commonly
employed in magnetic interpretation, because it
requires only a little prior knowledge about the
magnetic source geometry, and more important-
ly, requires no information about the magnetiza-
tion vector (Thompson, 1982; Reid et al., 1990).
The most critical parameter in the Euler decon-
volution is the structural index, N (Thompson,
1982). Therefore, by changing N, the geometry
and depth of the magnetic sources can be esti-
mated. For magnetic data, physically plausible
N values range from 0 to 3.

Several structural index values were assigned
for a structural index of N = 1.0, the extensions
of linear clustering of Euler solutions gave col-
ored points similar to the main trends of the two
previous methods. In addition, the Euler solution
map reveals new deep contacts, which represent
accurate-style trends in the southeast part of the
study area. The Euler plot (Fig. 12) clearly de-
fines the solution for depths that range from 200
m to 3500 m.

Most of the Euler solutions in the central part
of the study area show rather shallow depths of
about 1100 m for the possible causative sourc-
es. The depths in the eastern part of the study
area are not uniform. In itsnortheastern part, the
solutions are situated at shallow depths and in
the southeastern part the solutions are situated
at deep depth of about 1500 to 3000 m. In the
northwestern part of the study area, Euler plots
also show non-uniform depth distribution from
shallow to deep depths.

GEOCHEMICAL ANALYSIS
Analytical Methods

Twenty four representative samples were
selected from the three different granitic areas
(Tablesl and 2). Samples were crushed and
powdered using agate mortar to avoid trace ele-
ments contamination and then prepared for com-

plete chemical analysis by fusion with LiBO2
and HNO3 dissolution in the laboratory of Henri
Poincaree University, Nancy, France. Major ele-
ments were analyzed using an Atomic Emission
Spectrometer (AES) coupled with Inductively
Plasma (IP) source (Govindarajuet.al., 1976).
The analyses of trace elements were analyzed
by ICP-MS. Quality control of the analyses was
made using international geostandards.

Magmatic Evolution and Tectonic Setting

Rare metal granites are low in MgO, Fe203,
CaO andSr and high in Si02, Na20, K20, Nb,
Ta, Th, Sn, Zr, and Y.Debon and Le Fort (1983)
proposed a variation diagram depending on
millications distributions. They used alumina
index (A) = [Al-(K+Na+Ca)], basic index (B)
= [Fe+Mg+Tiland characteristic mineral dia-
grams for determination of magmatic evolution
(Fig. 13). The (A) index is used as indicator to
discriminate between peraluminous and meta-
luminous magma. The studied samples plot in
peraluminous domain and Um Naggat granite
is less differentiated than Nuweibi and Abu Da-
bab granites.Rickwood (1989) used the K20-
SiO2 discrimination diagram to differentiate
between shoshonite series, high-K calc-alkaline
series, medium-K calc-alkaline series and low-
K tholeiite(Fig. 14). The studied granite samples
plot in the high K-calc alkaline series field. Two
samples form Abu Dabab granite plot in the me-
dium K-calc alkaline series field due to albite
rich.

According to Maniar and Piccoli (1989),gran-
itoid tectonic classification scheme is based on
major oxide (SiO2vs AI203 diagram (Fig. 15)
Um Naggate, Abu Dabab and Nuweibi granites
plot are located in the field of (POQG).

Eby (1990) stated that Y/Nb ratio can be used
as a discrimination index to differentiate between
suites with Y/Nb ratio <1.2 (A-type), which are
derived from sources chemically similar to those
of oceanic island basalts. Meanwhile, suites
with Y/Nb ratio >1.2 are derived from sources
chemically similar to island-arc or continental
margin basalts. Figure (16) shows that magmas
are emplaced in post-collisional or within plate
settings, i.e., an extensional environment and
may be produced by the melting of a lithospheric
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source from which a previous melt had been ex-
tracted or by differentiation of a basalt magma.
This is a very different definition from that of
I-and S-type granitoidsbecause it includes both
tectonic setting and chemical characteristics of
the magmas. They seem to be resulted mainly
from partial melting of F and/or Cl enriched dry,
granulitic residue remaining in the lower crust
after extraction of orogenic granite (Whalen et
al., 1987). They may be emplaced into tensional
environments either at the end of an orogenic
cycle (post-orogenic granites), or in continental
rift zone (Eby, 1990).

Pearce et al., (1984) used the trace elements
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showing the studied granite samples are located
in the high-K calc-alkaline series
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Fig. (16): Ga/AlvsNbA-type granitoid discrimi-

nantdiagramafterWhalen et al.,(1987).

to discriminate the tectonic environments of gra-
nitic rocks. The studied granites samples plot in
the WPG fieldsuggesting their emplacement in
a within-plate tectonic setting. (Fig. 17). Figure
(18)(Rb-(Y+Ta)) shows that studied granite sam-
ples plot fall in the within plate granites (WPG)
field, but two samples form Abu Dabab granite
plot fall in the Ocean Ridge Granites (ORG), due
to their Ta high content.

Figure(19) (Y / Nb) vs (Yb / Ta) diagram
showing the RMG of CED located in the OIB

field were derived from the subcontinental litho-
sphere or lower crust.

The prominent peralkaline and alkaline na-
ture of the RMG are consistent with their af-
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filiation to extensional environments (Petro et A-type granitoids, based on certain trace ele-
al., 1979). The Y-Ce-YDb ternary diagram (Eby, ment distributions, could be divided into two
1992) showing the RMG of CED located in the groups. Granitoids that plot in the Algroup were
Al field (Fig. 20).Eby (1992) suggested that the interpreted as differentiates of basalt magma

Table (1): Major oxides (%) of the Abu Dabab, Nweibi, and Um Naggat granites, C E D, Egypt.

SiO2 | ALOs3 | Fe2O3 | MnO | MgO | CaO | Na;O | K20 | Ti203 | P20s IL Total
Dabl | 738 | 149 0.4 0.1 0.1 02 6.1 32 |<LD. |<LD.| 09 100
Dab2 | 754 | 141 0.4 0.1 0.1 0.1 5.6 33 |<LD.|<LD.| 08 100
Dab3 | 742 | 148 0.4 0.1 0.1 02 5.9 36 |<LD.|<LD.| 09 100
Dab4 73.2 15.4 0.5 0.1 0.1 0.2 6.6 2.5 <L.D. |[<L.D. 1.3 100
Dabs 76.4 14.2 0.5 0.1 <L.D. 0.1 6.5 2 <L.D. |<L.D. 0.7 100
Dabé6 73.9 15 0.3 0.1 <L.D. 0.1 6.2 3.5 <L.D. |<L.D. 0.7 100
Dab7 73.7 15.4 0.5 0.1 0.1 <L.D. 6.6 2.8 <L.D. |<L.D. 0.8 100
Nwbl1 72.9 15.6 0.3 0.1 <L.D. |<L.D. 6.7 3.7 <L.D. |<L.D. 0.5 100
Nwb2 | 727 | 156 0.4 01 |<LD.|<LD.| 69 34 |<LD.|<LD.| 05 100
Nwb3 | 742 | 156 05 01 |<LD.| 01 6.1 42 |<LD.|<LD.| 05 101
Nwba | 764 | 137 0.6 01 |<LD.| 01 22 51 |<LD.|<LD.| 06 101
Nwb5 | 736 | 154 03 01 |<LD.| 01 6.5 36 |<LD.|<LD.| 05 100
Nwb6 78.1 12.1 0.6 0.2 <L.D. 0.1 4.3 4.1 <L.D. |<L.D. 0.6 100
Nwb7 75.2 13.4 0.6 0.1 <L.D. 0.1 5.4 3.9 <L.D. |<L.D. 0.6 99
Nwb8 76 13.2 0.6 0.1 <L.D. 0.1 5.2 3.9 <L.D. |<L.D. 0.4 100
Nwb9 75.7 13.2 0.6 0.1 <L.D. 0.2 5.2 4 <L.D. |<L.D. 0.6 100
Nagl 83.7 9.8 0.6 <L.D. 0.1 2.1 0.2 1.8 <L.D. |<L.D. 2.6 101
Nag2 77.7 12.3 1.2 <L.D. |<L.D. 0.1 3.9 4.1 <L.D. |<L.D. 0.9 100
Nag3 78 11.7 1.4 <L.D. |<L.D. 0.1 3.9 4 <L.D. |<L.D. 0.8 100
Nag4 75 13.4 1.4 <L.D. |<L.D. 0.1 5 4.3 <L.D. |<L.D. 0.7 100
Nag5 | 785 | 114 12 |<LD.| o1 0.1 36 22 |<LD. |<LD.| 07 100
Nag6 77.5 11.9 1.3 0.1 0.1 0.2 4 4.1 0.1 <L.D. 0.7 100
Nag7 76.5 11.8 1.5 0.1 <L.D. 0.2 4.3 4 0.1 <L.D. 0.6 99
Nag8 66.1 18.2 0.6 <L.D. 0.1 0.1 5.3 8.1 <L.D. |<L.D. 0.6 99

Table (2): Some trace elements (ppm) of the Abu Dabab, Nweibi, and Um Naggat granites, C E D, Egypt.

Ref Ba Hf Mo Nb Pb Rb Sn Sr Ta Th U w Y Zn Zr

Dabl [12.72 ] 17.7 0.6 70.5 | 15.3 | 516.1 | 731.2 | 20.0 [164.4| 10.7 | 7.0 | 4.5 5.2 445.9 43.4
Dab2 | 447 | 22.6 |[<L.D.| 593 | 146 | 631.3 | 9324 | 11.1 (177.7| 6.2 | 7.1 4.0 4.3 464.0 44.7

Dab3 | 9.07 | 173 |[<L.D.| 60.6 | 159 | 576.9 | 673.2 | 15.0 |145.1 | 11.1 | 6.0 5.0 4.7 506.6 42.1
Dab4 | 531 | 46.1 |[<L.D.| 78.5 | 12.7 | 503.1 [1598.0 | 12.8 |540.3 | 142 | 8.5 7.6 1.5 744.9 64.9
Dab5 | 9.88 | 21.4 0.5 52.8 | 14.1 | 3754 |4193.0| 11.1 |203.3| 21.7 | 6.8 5.2 5.6 267.9 41.3
Dab6 | 11.8 | 333 |<L.D.| 772 | 123 | 573.5 | 765.8 | 10.9 |249.1 | 49 | 53 2.1 43 366.3 62.0
Dab7 [6.261 | 52.6 |[<L.D.| 552 | 129 | 506.4 [2883.0 | 8.4 |[513.2| 17.0 |10.0| 3.2 8.3 235.2 78.8
Nwb1 |11.03 | 23.2 2.6 56.0 | 453 | 468.9 | 63.3 9.0 [129.2| 185 | 54 1.7 3.5 61.6 54.2
Nwb2 |7.133 | 23.2 0.8 53.5 | 35.7 | 4314 | 161.7 | 9.8 |131.8| 182 | 54 1.3 2.6 28.1 53.4
Nwb3 |3.718 | 22.3 | 11.7 | 58.8 | 51.8 | 530.5 | 44.1 59 [171.9] 193 | 6.5 1.4 3.9 103.9 65.8
Nwb4 | 8.59 | 10.0 9.0 63.7 | 56.7 | 553.1 | 39.2 6.0 [990 | 234|538 1.0 3.0 83.8 39.7
Nwb5 |13.84 | 22.6 1.6 68.9 | 48.2 | 503.5 | 34.7 6.3 [99.6 | 16.8 | 5.1 0.6 3.4 48.4 57.7
Nwbé6 | 3.57 | 23.0 0.6 (1224 39.1 | 603.3 | 154.7 |<L.D.| 54.7 | 232 | 3.7 | 0.5 2.8 357.7 91.4
Nwb7 | 643 | 222 |[<L.D.| 72.0 | 52.5 | 4999 | 121.6 | 7.1 | 289 |26.7 |47 | 03 17.3 | 311.4 | 130.0
Nwb8 | 1.86 | 182 |[<L.D. | 373 | 47.3 | 360.5 | 77.3 46 | 254|231 |28 |<LD.| 12.0 | 2255 99.6
Nwb9 | 297 | 21.2 |<L.D. | 44.8 | 52.2 | 4069 | 56.2 69 | 219 | 266 | 4.8 0.3 16.0 | 288.9 | 129.5
Nagl |[52.13 |101.8 | 189.5 |672.1 |434.1 | 369.1 | 829 | 304 |113.4 (1658 |61.6| 83 |[116.6| 41.6 |[1391.0
Nag2 | 143 | 485 45 |4389| 94 | 630.5 | 238 13.0 | 46.2 | 67.3 (494 | 3.8 74.8 | 404.9 | 739.5
Nag3 |[13.34|109.0 | 4.3 |536.3| 10.6 | 780.9 | 38.1 8.8 |59.0 | 68.7 (504 | 50 |98.9 | 2445 |2022.0
Nagd4 | 6.08 | 28.5 1.0 [201.4| 173 | 7782 | 52.7 6.6 | 287 | 459 |23.1| 2.7 | 350 | 276.6 | 403.5
Nag5 |14.68 | 72.2 33 |484.8| 158 | 7459 | 553 6.6 | 509 | 625 |64.8| 4.8 | 42.6 | 2162 |1196.0
Nag6 |30.23 | 20.3 2.0 |[171.8] 10.5 | 438.8 | 65.1 6.8 18.5 | 30.3 | 103 | 2.5 94.0 | 533.9 | 350.2
Nag7 |13.27 | 14.9 1.7 [104.4| 10.7 | 306.6 | 96.4 9.8 12.7 | 19.5 | 9.0 1.5 |128.8| 419.0 | 223.7
Nag8 |21.88 | 22.5 1.7 (120.0| 17.2 |1021.0| 3.6 102 | 194 | 229 | 7.3 1.9 [1809| 772 297.1
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Fig. (19): (Y /Nb) vs (Yb/ Ta) Diagram (Eby, 1990)
showing the RMG of CED located in the
OIB field.

Fig. (20): Y-Ce-Ybternary diagram(Eby, 1992) show-
ing the RMG of CED located in the Al field.
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Fig. (24): SEM-BSE images for U-tantalite and Nb-
tal with anhedral crystals of quartz and mus- Mn-Tantalite minerals as inclusions in Cas-
covite. C. Nin Abu Dabab area siterite in Abu Dabab area
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Fig. (26): SEM-BSE images for Mn-columbite and

Fig. (25): Second albite phase (0.2-1 mm), subhedral
zircon minerals as inclusions in Tantalite,

to euhedral lath-shaped grains, Nweibi area

Nweibi area

derived from an OIB-like source while granit- recent workers considered the unusual composi-
oids that plot in the A2group were derived from tional features of albite granites and rare-metal
the subcontinental lithosphere or lower crust. It pegmatites to be magmatic (e.g. Cerny, 1991).

should also be noted that A1-types invariably are
associated with true anorogenic (within plate)
settings.

Um Naggatalbite granite is found in the
northern part of the Um Naggat granitic pluton.
It is characterized by fine- to coarse-grains and
Origin of AlbiteRich Granites white colour. Microscopically, it is characterized
by fine- to coarse-grained crystals, with hypido-
morphic (granitic) texture. Besides, porphyritic
texture is found. Thealbite granite consists main-
ly of K- feldspars, quartz, plagioclase, biotite,
and muscovite as well as zircon, fluorite, allanite
and rutile that occur as accessory minerals.Pla-

The argument about the origin of albite-rich
granites is a point for many discussions and de-
bates.Albite enrichment can be related to two
completely distinct processes, either magmatic
or metasomatic, according to the different occur-

rences. A metasomatic origin was proposed (e.g., ) ) ) e
Beus et al., 1962; Beus, 1968). Others and many gioclase, in the Um Naggatalbite granite is one
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of the dominant minerals (An 8-10) and charac-
terized by fine to medium grains and lamellar
twinning. Deformed twinning and slight altera-
tion to kaolinite are recorded. The albite is found
in two generations. The first generation is mag-
matic albite, characterized by medium to coarse
grains as porphyritic crystals corroded by quartz
and K-feldespar (Fig.21). As a generality, the
A2-type tend to be more frequently mineralized.
In this case, the Um Naggatgranites have acces-
sory zircon, columbite anduranothorite(Fig. 22).
These granites are being prospected as potential
U-Th ore deposits.

Abu Dababalbite granite is observed as leu-
cocratic, holocrystalline and white to greyish
white in color with black manganese oxides,
which showdenderitic shape on fault planes.
These granites are fine to medium in grain size
and show hypidomorphic to porpheritic texture.
Abu Dababalbite granite is composed mainly of
plagioclase, quartz, potash feldspar, muscovite
and iron oxides.Plagioclase is the most abun-
dant mineral and occurs as euhedral to subhedral
elongated crystals, medium to coarse grained
and shows lamellar twining and in some cases
deformed twinning due to deformational effects.
This plagioclase is albite and oligoclase in com-
position. The albite is fine to medium grained,
corroded by quartz which means that the albite
crystals are formed magmatically. This albite is
found as subhedral crystals with anhedral crystals
of quartz and muscovite (Fig.23). Ta—Nbminer-
als (colombite—tantalite) up to 0.5 mm in size and
cassiterite disseminated are recorded in albite
granite of Abu Dabab area as bladed or prismatic
euhedral to subhedral crystals (Fig. 24). These
Nb-Ta minerals are almost exclusively members
of the columbite—tantalite series, mainly Sn-rich
manganocolumbite and manganotantalite(Helba
et al. 1997; Kuster 2009).

Nuweibialbite graniteshows some differ-
ences between its eastern and western parts in
both mineral composition and texture. Albite
and accessory minerals are more abundant in
the eastern part than in the western parts of the
study area, whereas K-feldspar, quartz and white
mica show opposite behaviour. The texture of
the eastern part tends to be porphyritic, with me-

dium-grained quartz and K-feldspar phenocrysts
embedded in a fine-grained, randomly oriented
albite-rich groundmass. Meanwhile, the texture
of the western part tends to be equigranular.Pla-
gioclase is the most abundant mineral, mainly
albite, in the eastern part where it reaches up
to 61% by volume (average 50%). Meanwhile,
the western part of contains only about 33% by
volume on the average. There are two phases of
albite. The first phase is minute (<0.15mm in
length), with euhedral laths included in quartz
and K-feldspar phenocrysts to form poikilitic
texture (Fig. 25). The second phase is larger (0.2-
1 mm) with subhedral to euhedral lath-shaped
grains in the groundmass. Mn-Columbite, Mn-
columbo tantalite and Mn-tantalite are the main
Nb-Ta-bearing minerals in the studied Nuweibi-
albite granite samples. They occur as bladed or
prismatic euhedral to subhedral crystals (Fig.
26). An important texture, developed locally at
the granite contact, is the alignment of albite
laths parallel to the contact. Flow-aligned albite
is found in both the groundmass and in quartz
phenocrysts, which represents a strong evidence
for magmatic origin of the albite (Ali, 2003).

So, there are two different types of albite-rich
granite: (i) Albite-rich granites resulting from
albite enrichment occurring during magmatic
crystallization as a consequence of increasing
fluorine content in the melt during extreme frac-
tionation (Abu Dabab and Nuweibi granites). (ii)
Albitized granites which correspond to replace-
ment of previous minerals by albite or new al-
bite growth in the cavities left by other minerals
which are dissolved during hydrothermal altera-
tion of the granites (Um Naggat granites). Such
alterationsare frequently associated with more or
less extensive quartz leaching (episyenitization)
and occur in limited zones of the granites con-
trolled by tectonic structures.

DISCUSSION
Implications for U Mineralization

According to different mechanisms of albite
enrichment; there is contrasting implications
concerning uranium metallogenesis.The al-
bitized granites may be associated with very im-
portant uranium mineralization, resulting from
percolation of large volumes of hydrothermal
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fluids. Um Naggat is RMG although the albiti-
zation formed by metasomatism it derived from
alkaline to peralkalinemagma and have high ura-
nium abundance but hosted in highly refractory
minerals. So, the cost of uranium extraction from
such highly refractory minerals is very high. On
the other hand, Abu Dabab and Nuweibi RMG
were formed from highly fractionated melts and
fluids where uranium can host by non-refractory
minerals. Unfortunately, the absence of hydro-
thermal alterations and the small size of the gra-
nitic stock lead to decreasing the chance to form
vein type U- mineralization which expected with
such granites. Therefore, the uranium cannot be
economic interest in the two areas with the pres-
ent market conditions.

The Role of Inherited Ductile Fabrics

The principal geological structures, hosting
many of the rare metal mineralization in Nweibi
and Um Naggat granites include fractures, faults
and shear zones that play the most important role
in rare metal mineralization in the study area
(Gaafar, 2014 and 2015). The continuous reac-
tivation of these structures has had profound ef-
fect on the distribution of rare metal mineraliza-
tion. Therefore, the delineated structures of the
study area are likely to be potential hosts of rare
metal ore mineralization. From the interpreted
composite aeromagnetic structural map point
of view (Fig. 14), three episodes of deformation
D1-NE, D2-NNW and D3-NNE were observed.

Ali (2003; 2013)and Ali et al., (2008) anal-
ysed the ductile structures in the CED, Egypt.
They foundtwo deformational episodes: a thrust-
ing-folding episode that was associated with cra-
tonization of the arc-interarc rocks (E1); and an
upright folding episode (E2) following cratoni-
zation. The thrusting-folding episode is charac-
terized by low-angle thrusting and tight to iso-
clinal folding that produced axial plane foliation
and stretching lineations. The main ENE-WSW
thrust faults, generated at this stage, define the
contact between the dismembered ophiolitic
slabs and the arc association volcano-sedimenta-
ry rocks. These thrust contacts and the (F1) axial
plane foliations are folded about axes parallel
to their strikes into upright asymmetrical (F2)
folds. The estimated shortening direction for
(E1) episode structure is NNW-SSE to NW-SE.

Syntectonic (older) granites were emplaced by
imposing a regime of ductile deformation on the
rocks of the envelope which provided up to 75%
of the required space for the pluton (Cobbing,
2000). After cratonization, the second episode
(E2) produced regional folds with major NW-SE
axes that refolded the previous structures.

The age of (E1) episode must lie between
the time of formation of the arc rock association
and the intrusions of unshearedsyntectonic gran-
ites (intruded at about 612 Ma) (Sturchio et al.,
1983). The syntectonic granites are considered
to have been emplaced at the culmination of the
low angle shearing tectonic event. The age of
(E2) episode is bounded by the age of cratoni-
zation and the time of intrusion of late to post-
tectonic (younger) granites, i.e. 550-500 Ma. So,
it can be detected in the molasse (Hammamat)
sediments in the Eastern Desert of Egypt (Abd-
Elmeguid, 1992; Ali, 2003; Abd-Elmeguid, et
al., 2003).

The ENE-WSW and NNW-SSE to NW-SE
trends can be considered as tectonic inheritants
which control the granitic emplacement, multi
injections and many alteration features during
the different tectonic episodes. So, the inherited
ductile fabrics can act as a mechanical discon-
tinuities and deep-seated structures within the
granitic plutons. Besides, the structural controls
of the numerousmineralizations in the Eastern
Desert of Egypt can be related to the interaction
between inherited ductile fabrics and overprint-
ing brittle structures (Ali et al., 2008).

It is clear that the central part of the study
area, which is covered with older granites is
characterized by a very low magnetic-intensity
level on both the RTP and theregional maps
(Figs. 13 and 15).These confirm that these acidic
rocks extend to deep-depths up to more than 3
km and are mainly elongated in the East-West
direction. It is noticed that the three rare metal
zones; Um Naggat, in the northwestern part, Nu-
weiba in the southeastern part and Abu Dabab in
the east part of the study area,possess low levels
of magnetic intensity with an average of about
42250 nT (Fig. 13).

The serpentine rocks, that are located in the
northeastern part of the study area represent the
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highest magnetic intensity, up to 42 850 nT (Fig.
13) and occupy a relatively large area that ex-
tend above the surrounding sedimentary rocks
which indicates that it is outcropping of serpen-
tine rocks. The metagabbros reflect a high level
of the magnetic field intensity, and are distrib-
uted along different parts in the study area, with
various forms, including circular-shapes in the
castern part, and elongated-shapes in the east-
west direction, that are located in the central and
southern parts of the study area (Figs 13 and 15).
Meanwhile, the metavolcanicsshow magnetic
intensities range from low to high, indicating
that, some of them are deep-seated and others
are shallow, that mostly cover older granites or
other acidic rocks (Figs 13 and 15).

The residual magnetic intensity map (Fig.
16), reflects the response of the surficial rocks.
The sedimentary rocks located in the northeast-
ern part of the study area is characterized by a
low level magnetic field, compared to its high
level on the regional-component magnetic map
(Fig. 15). The serpentine and metagabbros are
responsible for the highest magnetic anomalies
on the residual magnetic map. Meanwhile, the
three rare metal zones are generally characterized
by their low magnetic intensity field (Fig. 16).

Correlation between Inherited Ductile and
Magnetic Fabrics

The analysis and interpretation of magnetic
structural trends in the study area reveal that the
main structural trends are represented by the
NW-SE direction as well as the NE-SW direction
(Figs. 13, 14 and 16). The NW-SE direction rep-
resents the latest (youngest) trend, which affects
all the rocks in the study area, while the NE-SW
direction is considered to be older one that most-
ly attributed to metasedimentary rocks. This may
be due to the metasedimentary rocks,which are
characterized by ductile deformation and, thus,
preserve much of the older structural trend (NE-
SW), although they were also affected by latest
structures (NW-SE direction), which sometimes
supports the old one (Figs. 13, 14 and 16).

The correlation between the ductile and mag-
netic fabrics reveals structural similarities be-
tween both of them. On this basis, the ductile
fabric may be considered as pre-existing deep-

seated structures, influencing the trends and lo-
cations of brittle structures formed in later struc-
tural episodes. The brittle fabric was rejuvenated
along the pre-existing fabric andexerted a strong
control on later fluid activity and alteration fea-
tures along the study area.

The tectonic fabrics, developed during duc-
tile deformational events, are probably the main
element of ‘tectonic inheritance’, frequently in-
voked to explain reactivation of old structures
and parallelism of structures of succeeding de-
formations (either compressional or extensional)
in continental domains. This may especially ex-
plain why continents break-up occurs parallel
to ancient orogenic belts and may account for
many characteristics of ocean basin develop-
ment (Vauchez et al., 1998).

CONCLUSIONS

Um Naggatalbite granite is leucogranite de-
rived from alkaline to peralkaline magma, asso-
ciated with high abundances of Zr, Nb, Th, U,
and Y with high Nb/Ta and Zr/Hf ratios. It was
derived from both magmatic and metasomatic
origins respectively. Meanwhile, Abu Dabab and
Nuweibialbite granites are derived from peralu-
minous magma, associated with low Nb/Ta and
Zr/Hf ratios, with no evidence to metasomatic
process.

Rare metal granites of the CEDof Egypt are
classified chemically into alkaline to peralkaline
and peraluminous granites. They display the typ-
ical geochemical characteristics of A-type gran-
ites with high Si02, Na20O+K20, Rb, Zr, Nb, Ta,
Sn, Ga, and Y, and low CaO, MgO, Ba and Sr.
The extremely high Rb/Sr ratios combined with
the obvious low Sr, Ba, P, and Ti clearly indicate
that these A-type granites were highly evolved
and required advanced fractional crystallization
in upper crustal conditions. Based on the char-
acteristics of U, Th, Nb, Zr, Zn, Sn, and Pb; it is
suggested that these granites have the potential
for rare metal and rare earth element mineraliza-
tions.

The main results, obtained from this study
bring new elements allowing improvements of
knowledge on the geological structures of the
study area. Spatial analysis, helped detect mor-
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phological differences in the lineament patterns.
The southern sector of the study area shows dense
lineaments directed towards NW-SE trend.
Meanwhile, its northern and central sectors in-
dicate dense of lineaments directed towards NE—
SW trend. Accordingly, the studied terrain can be
divided into two tectonic sectors. Comparison of
the results with the geoscientific data (structural
and lithological), confirms both morphological
difference and tectonical subdivision into two
tectonic sectors. Moreover,it helped to identify
the structural boundary separating both of them
at depth assigned to major normal faults in the
center. This geophysical study suggests that the
modelled structures of crust are situated on the
flanks of major faults in the basement: they are
a product of an active continental collision. Air-
borne magnetic datasets were used to delineate
lithology, structure and alteration zones in the
study area. The main purpose of interpretation of
the geophysical maps was to identify individual
lithology and delineate structures, which control
rare-metal mineralization in the study area. Low
magnetic susceptible areas, which might have
resulted from rock alterations or possible min-
eral deposits are delineated as potential targets
for ore deposits.

The aeromagnetic data identified high mag-
netic contrasts between rock bodies situated-
along the contact zones. They are interpreted as
potential pathways for fluid migration and min-
eralization. In order to predict favourable loca-
tions for possible blind ore deposits in the study
area, both structural and alteration patterns were
taken into consideration. High structural connec-
tivity and areas of intensive alterations reflected
as low magnetic anomalous zones, were con-
sidered. They are particularly marked by faults,
fault intersections, fractures and shear zones.
The proposed relationship shows that the hydro-
thermal system is structurally controlled and not
limited to any specific lithology or host rock.

The aeromagnetic structural lineaments sug-
gest that the study area was subjected to an
important regional field stress. The interpreted
magnetic structural map, obtained for the study
area is dissected by many faults, which have dif-
ferent directions indicating a complex tectonic

history and several events of deformation. Major
structures in the basement trend in ENE -WSW
to NE-SW direction. The predominant NW-SE
structural trend affecting the study area, extends
from its southwest to its extreme northeastern
part.

Consequently,magmatism of rare metal gran-
ites of the CED of Egypt, are related to anoro-
genic, within plate, A-type, subvolcanic settings
and emplaced in extensional tectonic regime
along inherited ductile fabrics.
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