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ABSTRACT
El-Gezira ring complex represents an important alkaline association in the south Eastern Desert, Egypt

display crescent-shaped bodies and vast diversity of lithologies.  It consists of several concentric rings
separated by arch-shaped bodies of alkali gabbros, pyroclastics and hybrid rocks.  The outer ring of El
Gezira is composed of metavolcanics and basaltic andesitic flows.  The inner part comprises carbonate,
pyroxene bearing syenite, monzosyenite, trachyte, trachy-andesite and trachydacite.  Clinopyroxenes are
the prevailing mafics components in most rocks varieties.  Amphiboles and olivine are common in most
basic units.  El Gezira ring complex comprises a high fractures frequency.  El Gezira ring complex is one
of a major cluster of ring complexes aligned along an ENE transform fault in the extreme southern part of
Egypt.  Chemically, El Gezira rock- associations are mostly metaluminous, and show low concentrations
of CaO, MgO and Sr.  Moreover alkalis, Rb, Nb, Y, and REE are relatively high which is distinctive of
anorogenic affinity.  The alkali gabbros have flat REE patterns with slight positive Eu anomalies.  The
trachyandesite, trachydacite and monzosyenite all have weakly to moderately fractionated patterns with
a general enrichment in LREE, and mostly possess a pronounced positive and negative Eu anomalies.
Typically, El-Gezira alkaline associations are classified as within plate granites.  It is suggested that the
primitive mantle mafic magmas were emplaced into intracrustal magma chambers during extensional
regime.  The primitive magma underwent fractionation processes to give the highly evolved liquids.  Influx
of more hot primitive magma may promote dynamic convection, crustal assimilation and eruption of the
volcanic alkaline association filling fractures during post orogenic regimes.
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INTRODUCTION

A ring complex is a general term used to
describe an intrusive complex that contains
cone sheets and/or ring dikes.  Complexes
containing only cone sheets or ring dikes are
occasionally called cone-sheet complexes and
ring-dike complexes, respectively.  Ring com-

plexes have long been thought to represent
transitional links between calderas and their
underlying magma chambers ( Williams 1941;
Richey 1948; Turner 1963; Smith and Bailey
1968, and Oftedahl 1978).  In the North East
African province, more than 130 ring com-
plexes have been emplaced during Pan Afri-
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Fig. 1: Geologic map of the Arabian–Nubian Shield shows the locations of alkaline intrusions
(modified from Johnson et al., 2011), distributions of deep seated tectonic lineaments after
Garson and Krs (1976), zones influenced by the Najd Fault System and the related major
shear zones (after Fowler and Hamimi, 2020).  Najd zone based on (a) Arabian shield faults
system and (b) NED transform model, (c) extension of Najd into the Sinai, (d) Najd fault
zone between the Duwi fault (DFZ) zone and Wadi Kharit- Wadi Hodein shear zone (KHSZ)

can times and continued through one or more
successive periods of Phanerozoic magmatism
( Black et al. 1985; and Vail 1985, 1989).  In
the Egyptian Nubian Shield, the  alkaline asso-
ciations are mostly concentrated at the South
Eastern Desert (Fig. 1).  Most assembly of
these structures are generally aligned around
the central African parallel trends.  These

lineaments cut across the African plate from
Cameroon in the west to the Red Sea Hills  of
Sudan (Schandelmeier and Pudlo 1990).  The
ring complexes of Egyptian Shield paid atten-
tion of many studies due to the opportunity
of their enrichment by many rare metal min-
eralizations (El Ramly et al. 1970; El Ramly
and Hussein 1985).  Garson and Krs (1976)
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concluded that the N60°E fault corridor is the
main controlling structure for allocation of the
post orogenic ring structures in SED.  El Ram-
ly et al., 1971; El Ramly and Hussein, (1985)
have ascribed the alkaline rocks of  SED to
some uniformity along lines of weakness
(zones of rift) probably during Precambrian
age which enjoyed rejuvenation at later times.
In Egypt, the ring complexes are exemplified
as circular dykes, blocks and volcanic influxes
invading the upper Proterozoic Pan-African
basement associations (El Ramly et al. 1971;
El Gaby et al. 1988).  The ring complexes of
Egypt include a wide spectrum of rock types
that are mainly alkaline to peralkaline granites
and syenites, with subordinate trachyte, rhy-
olite, nephelene syenite, agglomerate and oc-
casional presence of some basaltic trachy-an-
desite and carbonates (Hashad and El Reedy
1979; El Ramly and Hussein 1982, 1985).

The present study attempts to address the
main petrological, geochemical and structural
features of the alkaline association forming El
Gezira ring complex.  The main objective of
this study is to discuss and evaluate the mag-
matic history, petrogenesis and geodynamic
setting of El Gezira ring complex in response
to the deformation history of SED.

METHODOLOGY

For the whole rock chemistry of El-Ge-
zira ring complex, 15 representative samples
were chemically analyzed for major, trace and
rare earth elements as three samples for each
rock type.  The analyses were accomplished at
(ACME) Labs, Canada.  The total abundanc-
es of major and minor oxides were elucidat-
ed through using inductively coupled plasma
(ICP)-emission spectrometry, while the trace
and rare earth elements were determined by
using the ICP-mass spectrometry.  U and Th
elements were detected using the ICP-emis-
sion spectrometry.

GEOLOGICAL   SETTING

El-Gezira ring complex is located at the ex-
treme South Eastern Desert at the intersection

of two conjugate main wadies: Wadi Um Gir
and Wadi Naqit.  It lies between lat. 22° 16
00 and 22° 18 30 N, and long. 33° 39 00 and
33° 42 00 E.   It has crescent-shaped outline
and isslightly elongated in the northeastern di-
rection with 3.5 km width and elevation of 483
m (Fig. 2a).  El-Gezira alkaline associations
are emplaced through suite of Precambri-
an igneous and metamorphic associations of
Proterozoic age (Fig. 2b).  The rocks form El
Gezira exhibit a high degree of differentiation
and represented by a wide spectrum of lithol-
ogies.  The complex is formed from central
mass, inner and outer rings, separated by two
wadis.  The metavolcanics surrounded the out-
er ring and is composed essentially of basaltic
flows, tuffs and agglomerates.  These basaltic
arcs are followed inward with arch shaped
blocks and lenses of alkali gabbros especial-
ly in the southern part of the ring separating
between the outer and inner rings.  The inner
ring is incomplete and composed of carbon-
ate, pyroxene bearing syenite, monzosyenite,
trachyte, trachy-andesite and trachydacite.
On the other hand, the central mass is more
complicated forming conspicuous ridges and
formed essentially of alkaline syenite (Figs. 2a
& 2b).  In the north eastern part of the central
mass, a stock-like body of coarse grained sy-
enite with relics of trachyandesite and trachy-
dacite are observed. El Gezira alkaline associ-
ation is dissected by two wrench fault systems
with NE-SW and NW-SE directions.

PETROGRAPHIC   FEATURES

Alkali Gabbro (essexite)

Essexite gabbro constitutes the outer part
of the complex.  It consists of plagioclase,
olivine, amphiboles and rare clinopyroxene.
Nepheline, biotite and microcline occur as
subordinate  (Figs. 3,4,5).  Apatite, zircon
opaque oxides and are the main accessories
(Fig.3).  Most plagioclase are zoned, augite
grains are mostly completely replaced by am-
phiboles  (Figs. 4,5).  Some olivine crystals
are replaced by chlorite streaks.  Biotite shows
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Fig. 2 : a) Arc-gis earth 3D image showing the high relief and the circular outcrop of El-Gezira
ring complex, b) Geological map of El-Gezira alkaline association modified from Mohamed
(1998)
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Fig.4: Microscopic photo showing uralitization
processes of alkali gabbro

Fig. 5. Microscopic photo  showing major
components and dissolution textures in essexite

irregular phenocrysts and enclosed opaque
minerals along their cleavage planes.  Most
microcline grains are altered and enclosed
zircon and sericite minute crystals along their
surfaces (Figs.3,4).  Dissolved textures are
widely observed in which, pyroxene is altered
to amphibole (Fig. 3b), and biotite is trans-
formed to fibrous chlorites (Fig.4).

Basaltic  Andesite

Basaltic andesite consisting of plagioclase,
pyroxene, amphibole, and biotite.  Sericite,
epidote and calcite are the main accessories.
Apatite and opaques are the main accessories.
Plagioclase has large subhedral and unhedral
phenochrysts.  Subhedral crystals are gen-
erally largely sericitized and Saussuritized
which obliterate the common twining. anhe-
dral plagioclase show partially resorbed em-
bayed shapes that generally filled with small
brownish veinlets (Figs.6,7). Quartz has fine
grains aggregates scattered in the groundmass.
The coarser crystals may exhibit interlocking
shapes that filled interstitial spaces in the ma-
trix.  The pyroxene and amphiboles have small
subhedral grains scattered in the groundmass
mostly have bright birefringence.

Trachytic  Rocks

Trachyte : It is bright rock, that consist of
orthoclase and quartz laths within brownish

Fig.6:  Microscopic photo showing resorbed
phenocryst of feldspar in basaltic andesite.Fig. 3. Microscopic photo showing major

constituents of essexite gabbro
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Fig.7 : Microscopic photo showing euhedral
plagioclase filled with veinlets and corroded by
other components within groundmass forming
the porphyritic texture in basaltic andesite

Fig. 8: Microscopic photo showing parallel
alignments of quartz and feldspars forming
directive texture in trachyte

groundmass.  The alkali feldspar megacrys-
tals have resorbed margins and overgrown by
quartz and other constituents of the ground-
mass forming directive texture which is char-
acteristic of trachyte (Fig. 8).  Mafic minerals
phases occur as minute dark green aggregates
scattered in the matrix.  Large alkali-feldspars
phenocrysts mostly carbonatized and may be
sericitized.  Opaque oxides occur as dark and
brownish spots with random distributed in the
matrix.

Trachy-andesite : It is dark green and
grey colors.  It consists of plagioclase, pyrox-
ene and alkalifeldspars in fine grained ground-
mass of feldspars, amphiboles and biotite.
Apatite and  iron oxides are main accessories.
Most plagioclase phenocrysts are zoned.  Fine
flakes and aggregates of reddish biotite are
mostly overgrown upon both amphibole and
pyroxene cleavages.  Apatite occurs as lobate
inclusions in pyroxene or scattered in the ma-
trix.  Iron oxides are the dominant oxide with
random distribution in the groundmass.

Trachy-dacite : It is highly a leucocrat-
ic rock that consists of alkali feldspar large
laths in a fine grain albite.  The alkali feld-
spar phenocryst has resorbed margins, and is
overgrown by the minerals from the matrix
(Fig.9).  Quartz exists as fine and pulverized
aggregates in the groundmass.  Mafic phase

Fig. . 9: Microscopic photo  showing phenocryst
of carbonatized plagioclase, quartz, alkali-
feldspars and cryptocrystalline mafics  in trachy-
dacite

are cryptocrystalline and occur as dark green
minute grains in the matrix.  Opaques occur as
mafic clusters that have random distribution in
the matrix.

Syenite

It includes (monzosyenite, aegirine bear-
ing syenite and carbonatized syenite):

The monzosyenites : These are medium-
to coarse-grained rocks consist of aegirine,
hornblende, nepheline, microcline and bio-
tite, with opaques and apatite as accessories
(Fig.10 ).  Aegirine occurs as subhedral to eu-
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Fig. 10: Microscopic photo showing perthite,
biotite,  and equigranular texture of monzosyenite

Fig. 11: Microscopic photo showing  aegirine
crystals filling interspaces in syenite

Fig. 12: Microscopic photo showing  highly
carbonatized alkali feldspars in syenite

hedral grains with high interference colors.  It
forms ragged and shreds enclosed within feld-
spars crystals.  Elongate biotite flakes com-
monly corrode and overgrowths upon amphi-
boles and pyroxenes that lead to the liberation
of opaque clots apatite is common as euhedral
lobate inclusions within mafic phases.

Aegirine bearing syenite : It has a high-
er modal proportion of pyroxene, biotite and
opaques compare with monzosyenite (Fig.11
).  Muscovite occurs as small aggregates scat-
tered in the groundmass.  Biotite may replace
pyroxene lead to the formation of chlorite and
opaque oxides as products.  Sometime syenite
is highly carbonatized showing wide frequen-
cy of carbonates  that are mainly calcite, and
dolomite.  They show high birefringence and
filling the interspaces between other constitu-
ents in the groundmass (Fig.12).

WHOLE  ROCK  CHEMICAL
CHARACTERISTICS

The results of geochemical data of El-Ge-
zira alkaline rocks are given in (Table 1).  The
studied association shows a narrow range of
silica average (57.88 wt %) and high abun-
dances of total alkalis (3.76–12.7 wt %), Al

2
O

3

(12.3–17.78 wt %) and CaO (0.63–8.87 wt %).
The association also shows high FeO

t
 and low

TiO
2
with averages as 8.72 and 1.00, respec-

tively.  The rocks of El-Gezira ring complex
have been classified using Winchester and
Floyd (1977) diagram (Fig. 13) on which they
fall in the trachyte, trachyandesite, sub-alka-
line- basalt, and phonolite.  According to Le
Bas et al. (1986) diagram, the rocks lie in tra-
chyte, trachydacite, trachyandesite, trachyba-
salt and basalt fields (Fig. 14).  Moreover, all
rocks are characterized by high FeO

t
/ (FeO

t
 +

MgO) ratios (0.59 – 0.99) and show a ferroan
nature on Frost et al. (2008) diagram (Fig.15).
The high alumina index  (AI = 0.96–1.52,  Ta-
ble 1) of the studied association clearly reflects
their alkaline signature (Liégeois et al. 1998).
This alkaline affinity is further supported by
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Table 1:  Major oxides, selected trace elements, fractionation indexes and CIPW norm of
alkaline rocks from El-Gezira area

Fig. 13.:Nb/Y versus SiO
2
  nomenclature scheme

of volcanic rocks after Winchester and Floyd
(1977)

Fig.  14: Total alkali versus SiO
2
  classification

diagram after Le Bas et al. (1986)
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Table 1: Continued

the diagram of Frost et al. (2001) on which
all studied samples are located in the alkaline
field (Fig.16 ).  The rocks of El Gezira alkaline
associations are mainly metaluminous, except
for few highly evolved rock types.  This is in-
dicated by using of A/NK. - A/CNK diagram
after Maniar and Piccoli (1989) in which most
samples are classified as metaluminous (Fig.
17 ).  Using of Zr versus 10000×Ga/Al binary
diagrams (Fig.18 ) after Whalen et al. (1987),
the studied association is located on A-type
granite field.  On the Rb versus (Y + Nb) di-
agram (Fig.19 ) after Pearce et al. 1986, the
data plot within plate granite field.

On variation diagrams, relation between
SiO

2
 wt% and selected major elements (Figs.

Fig. 15: Classification for feldspathic igneous
rocks after Frost and Frost (2008)
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Table 1: Continued

Fig.16: Discrimination diagram between alkaline
and sub- alkaline series after Irvine and Baragar
(1971)

Fig. . 17: A/NK vs. A/CNK binary diagram after
Maniar and Piccoli (1989)
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Fig. 18: 10,000 Ga/Al versus Zr plot after
Whalen et al. (1987)

Fig. 19: Y + Nb versus Rb plot after Pearce et
al. (1984)

20 -27) the compositional gap between the ba-
sic, intermediate and acidic alkaline associa-
tion is very small or absent. With increasing
SiO

2
the contents of Al

2
O

3
, FeOt, MgO, CaO,

and TiO
2

show a gradual decrease while the
total alkalis possess positive relation . The
CaO content shows the highest value in alka-
li gabbros with average 8.3 wt %, meanwhile
other alkaline association contains lesser val-
ues with average 3.0 wt %.  The agpaitic index
(Na+K)/Al) ranging from 0.79 to 3.11 sug-
gests agpaitic composition.  The alkali gabbro
samples show low normative albite with aver-
age 27.11 wt%, and high normative anorthite,
diopside and olivine with average 24.97, 11.76

and 13.87 wt% respectively, compared to oth-
er rock units.  On the other hand, intermediate
to acidic association exhibits high orthoclase
and albite contents with averages 25.38 and
35.35 wt%, but low anorthite, diopside and ol-
ivine with averages 5.29, 7.33, and 4.92 wt%
respectively.  Normative nepheline is very low
for all alkaline association with averages =
1.45 (Table 1).

Regarding trace elements, primitive man-
tle-Normalized trace-element patterns for
these rocks show that they are enriched in U,
Th, Rb, Ta, Nb, Zn Ba and Zr, but depleted
in P, Ti, Y, Sr,  Co, and V (Fig.28 ).  General-

Fig. 20: Variation diagram of SiO
2
 wt % and

TiO
2
 wt%

Fig. 21:  Variation diagram of SiO
2
 wt and Al

2
O

3
wt%

SiO
2

SiO
2
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Fig.22:  Variation diagram of SiO
2
 wt% and

MgO wt %

Fig.23: Variation diagram of SiO
2
 wt and FeO

wt%

Fig.24: Variation diagram of SiO
2
 wt% and total

alkalis

Fig.25:  Variation diagram of SiO
2
 wt and CaO

wt%

SiO
2

SiO
2

SiO
2

SiO
2

SiO
2

Fig.26: Variation diagram of SiO
2
 wt% and Rb

(ppm)

SiO
2

Fig. 27:Variation diagram of SiO
2
wt and Zr

(ppm)

SiO
2
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Fig. 28:  Primitive mantle (PM) normalized trace elements diagram. (Normalized value are
from Sun and McDonough 1989). 1) Alkali-gabbro, 2) basaltic andesite, 3) trachy andesite,
4) syenite, 5) trachy dacite

ly, the compatible trace elements show strong
decrease from the alkali gabbros to the more
acidic varieties. V, Ni and Cr decrease with
increasing the SiO

2
(wt %) for the analysed

samples (i.e. Ni decrease from 63 to 3.2 ppm,
V decreases from 214 to 1 ppm, Cr decreases
from 421 to 4 ppm  .

Chondrite normalized trace-element REEs
are shown on (Figs. 29-33), based on the chon-
drite values after Sun and McDonough (1989).
El-Gezira alkaline rocks reflect a progressive
increase in REEs contents from alkali gabbros
(ΣREE = 137–209 ppm), intermediate associ-
ation (ΣREE = 103– 375 ppm) to trachy-dac-
ite (ΣREE = 328– 866 ppm).  REE normalized
patterns for essexites are flat and parallel with
about 100 time chondrite abundance (Fig. 29
).  Basaltic andesite shows quite enrichment in

Fig.29: Rare Earth element patterns for essexite
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LREE compared to HREE, with (La/Yb)N 4.6
– 12.05, (La/Sm)N = 2.57–5.01, and (Eu/Yb)
N = 4.04 – 9.65.  The pattern also shows slight
positive Eu ( Fig.30), with Eu/Eu* ranges
1.68 – 3.93.   The same case is noticed in tra-
chy-andesite with slight enrichment in LREE
(Fig.31). Syenite and trachy-dacite show
higher LREE with (La/Yb)N = (8.08– 22.89,
11.92 - 22.85), (La/Sm)N = (2.89 – 5.58, 3.67
–  4.91 and (Eu/Yb)N = (6.61 – 11.07, 9.4 –
16.58) respectively.  Syenite and trachy-dacite
REE patterns also show apparent tetrad shape,
with positive and negative Eu anomaly with
Eu/Eu* = 2.81–5.81 and 0.13–0.33, respec-
tively (Figs.32,33 ).  Based on the calculation
mechanism of tetrad effect (TE) after Iber
(1999), the calculated (TE 1,3) for El-Gezira
alkaline rock has range (0.66 - 1.16) with av-
erage = 0.98.

DISCUSSION

Temperature of Magmatic  Crystallization

Most rock units of El-Gezira alkaline ring
complex are metaluminous and display geo-
chemical signatures of A-type magmatic na-
ture (Eby, 1990).  Temperature of El-Gezira
magma is calculated here using apatite (Ap)
and monazite (Mz)  saturation thermome-
ters after (Harrison  and Watson, 1984) and

Fig.31 : are Earth element patterns for trachy
andesite

Fig.30: Rare Earth element patterns for basaltic
andesite

Fig.32 :.Rare Earth element patterns for syenite

Fig.33:  Rare Earth element patterns for trachy
dacite
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bayed crystals, the develop of epitaxitic pyrox-
ene crystal growth around xenocryst of quartz.
All the above can confirm that the phenocrysts
were not in thermal and chemical equilibrium
with the host magma.  Changes in CaO, Na2O
and K2O, contents in the El-Gezira rocks are in-
terpret through fractionation of feldspars.  The
wide differences in alkalinity ratios may be
ascribed to contamination from high-K magma
at the source region and minor crustal mixing
at final intrusion/or emplacement environments.
The relatively high Na

2
O contents ~7 wt % in

some andesite and dacite rocks may ascribed
to the interaction between of seawater and the
alkaline lithologies during the ring complex em-
placement.  Generally, the alkaline association
of El-Gezira shows linear patterns with distinct
scatter for compatible major oxides and trace el-
ements in the variation diagrams (Fig. 20-29).
The linear behavior  and the sprinkle of some
data may demonstrate magma mixing and/or
assimilation by the two end members (Reid et
al., 1983; Kistler et al., 1986; Frost and Mahood,
1987).  The scatter in some data may be resulted
from different rates of contamination, recycling
and assimilation from different magma sources
in addition to fractionation processes.   The dis-
tinguished Eu anomalies recorded in the REE
pattern (Figs. 29-33), (the basaltic andesite, sy-
enite samples) and the negative Eu anomalies
observed in more evolved rocks (tracy- dacite ),
can be account for crystal accumulation mech-
anisms.  The petrographic criteria of cumulate
textures, the scatter of most trace element data,
and the positive Eu anomalies all are indicative
of plagioclase accumulation during crystalliza-
tion (Barnes  et al., 2016).  The trachy-dacite
shows unambitious Sr/Y values and the most
distinguished negative Eu anomaly compare
to other samples.  This suggests a melt from
a shallow crustal level that retained Eu in pla-
gioclase at the source.  In contrast alkali gabbro
and basaltic andesite samples have high Sr/Y
ratio and low LREEs compared to other rocks
units, suggesting magma derived from a much
deeper source (Gromet and Silver, 1987).  The
alkaline rocks that are formed in subduction
setting or derived from magmas which were

(Montel, 1993), respectively.  The calculated
(TAp) temperature are 651– 963° C for essex-
ite gabbro , 889 – 966 °C for basaltic andesite,
872– 889 °C for trachy-andesite, 827–892 °C
for syenite and 701–740 °C fore trachy-dacite.
Moreover, monazite saturation temperatures
(TMz) are significantly low and range from
595 to 652°C for essexite gabbro, 655 – 682°C
for basaltic andesite, 682–725 °C for tra-
chy-andesite, 657–736°C for syenite and 769
–901 °C for trachy-dacite.

Crustal  Assimilation  and  Magmatic
Recycling

The studied ring complex is characterized
by the existence of intelligible display of both
plutonic and volcanic alkaline rock verities
which is relatively different from most alka-
line associations from the Egyptian Shield. All
rocks types have A/CNK values ˂ 1 with range
(0.77–0.96).   Most variation diagrams show
similarity in their trends and relationships with
silica with very small or no gabs.  It may be
assumed that the highly evolved intermedi-
ate and acidic association can be formed as
fractionation product from the least evolved
mafic suite.  The mafic lithology has flat REE
patterns with no Eu anomalies suggesting that
these materials may represent the parental ba-
saltic mantle melt from which the rest of El
Gezira ring complex may be evolved.

Possible assimilation and mixing between
magmas of different composition are widely
recognized.  The existence of mafic enclaves
(Bacon and Metz, 1984; Bacon, 1986; Koya-
guchi, 1986) can give a clue for the incomplete
magma mixing.   Reversely zoned crystals and
the elevated contents of compatible elements
may indicate more complete mixing (Luhr and
Carmichael, 1980; Shimizu and Roex, 1986;
Novak and Bacon, 1986).  El-Gezira alkaline
association has several petrographic and chemi-
cal data that can support the hypothesis of mag-
ma recharge or mixing as follow:  (a) most pla-
gioclase and pyroxene phenocrysts exhibit com-
plex zoning structures, (b) complete or partial
resorption of phenocrysts, (c)  existence of em-
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Mohamed (1998) recorded Nb value up to 280
ppm in the highly evolved trachy-dacite from
El-Gezira.  Figure (34) shows comparative rela-
tion between average contents of  Nb and Ta in
El- Gezira alkaline rocks and in famous classical
Ta-Nb bearing granites/pegmatites.  It is clear
that the studied association has high Nb/Ta ratios
that generally progressively increase from the
less evolved to the highly fractionated units in
El-Gezira area.  The studied association shows
quiet concordance with most Ta, Nb bearing
deposits in the Nubian Shield.  El-Gezira asso-
ciation shows relatively lower concentration of
Ta but still has higher values compared to Igla
famous mine (Fig.34).  Moreover, Nb shows
higher values compared with Homr Akarem &
Homret Mukbid, Nuweibi, Muelha, and Igla
from Egyptian Eastern Desert (Fig.34).  Con-
sequently, El-Gezira alkaline association may
present a new concession for Nb/Ta rare metal
prospecting, however more information is still
needed to elucidate the ore reserve and zones of
enrichment.

 GEODYNAMIC  IMPLICATIONS

On a  global scale, most  of the  continen-
tal provinces of  ring complexes are located
in  cratons,i.e. tectonically stable regions of
the crust (Sorensen, 1974).  Moreover, the as-
sociation of most of these alkaline provinces
with zones of rift is well established ( Mau-
rin and Guiraud,  1993).  These zones of rift
are the fractured crests of crustal arches.  The
cause of swelling and up-doming of the crust
is thought to be an intraplate mantle hot spot
(Wright, 1973) where parts of the plate over-
lying positive thermal anomalies are heated
by the rising convection columns in the man-
tle (Briden and Gass, 1974).  Emplacement of
the post-orogenic or anorogenic  complexes
in NE Africa took place during an extended
period of time spanning almost the  entire Pa-
leozoic and Mesozoic eras (Vail, 1990).  At
these times, Gondwana land witness a long
period of fragmentation as result of the exten-
sion between South America and Africa.  The
tectonic interplay between oceanic and conti-

modified by subduction events, usually have
a pronounced negative Nb (i.e. Rogers et al.,
1985; Nelson and McCulloch, 1989).  Mean-
while alkaline suites from rift zones or oceanic
island settings show no or slightly positive Nb
( MacDonough, et al., 1985; Menzies, 1987).
According to MacDonough, et al. (1985);
Fitton (1987), the intraplate hot spot alkaline
magmas are explained as being related to
plume activities.  Therefore, the source mag-
ma of El-Gezira ring complex may be derived
from Nb enriched or at least under-plated
mantle source within the continental crust.

Tetrad  Effect  and  Possible  Economic
Importance

The term “tetrad effect” refers to the sub-di-
vision of the fifteen members of the REE series
into four groups with “breaks” at Gd, between
Nd and Pm, and between Ho and Er, corre-
sponding to the 1/2, 1/4, and 3/4-filled 4f sub-
shell, respectively.  The calculated TE1,3 values
of the tetrad effect range from 1.00 for a REE
pattern without tetrad effect, toward higher val-
ues (TE1,3 > 1) for REE patterns with tetrad ef-
fects (Zhao et al., 1993; Lee et al., 1994, Bau,
1996; Irber, 1999).  The REE patterns of El-Ge-
zira alkaline association are characterized by ex-
istence of tetrad effects which can be observed
from the REE patterns (Figs. 30,32,33 ) and
also from the calculations using formula after
Irber (1999), (Table 1 ).  Monecke et al. (2002)
supposed that the tetrad pattern is mostly visi-
ble in highly evolved leucogranites,  pegmatites
and mineralized granites.  It is either a feature
of the magmatic-fluid system before magmatic
crystallization or it may be inherited from exter-
nal fluid during or after the emplacement of the
magma.  The tetrad effect in El-Gezira may
reveal the highly evolved nature and the effect
of hydrothermal activities during the evolution
of these rocks. Such fluids may be responsible
for enrichment of many rare metals in associa-
tion with the studied ring complex.  El-Gezira
alkaline association has relatively high contents
of Ta, and Nb with an average of 4 and 68 ppm
respectively.  Similarly, high values are noticed
from previous studies on El-Gezira association.
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Najd Fault Zone (Fig. 1).  Based on that, the
Egyptian Neo-proterozoic cover is supposed
to coupled major rift systems that believed to
be responsible for deep seated fragmentations
and related magmatism:

(a) NE–SW transform faults along red sea
rifting, and (b) spectrum of strike-slip faults
trending NW–SE along famous Allaqi-Heinai
suture zone (Fig. 1).   Hence, the Egyptian ring
complexes can be related to swells or arches
in the crust essentially distributed at random,
but with some alignment along lines of weak-
ness which probably existed since Precambri-
an times and suffered frequent rejuvenation.
Structurally, the emplacement of El-Gezira
alkaline ring complex in the Southeastern
Desert allocate along the intersection of two
old regional fracture systems: The transform
faults and the NW deep fracture zones.  Tec-
tonic evaluation model showing the simpli-
fied evolutionary history for El-Gezira caldera
complex is considered in this study (Fig.35).
Three evolutionary stages are suggested to
explain the geodynamic setting and eruptive
cycles at El-Gezira area as follows:

a) Pre caldera phase is the early stage that

nental terrains causes re-initiation of the deep-
seated fractures and enhance breakup of the
African terrains.  The north extension of the
ANS was traversed by a major Late Precam-
brian 630 and 530 Ma transform movement
named the Najd Fault System (NFS) (Stern,
1985).  This corridor outlines zone around
400-km across   with NW–SE trending crustal
extension.   In Egypt, the NFS is manifested
by a set of NW-trends i.e. Duwi fault zone,
steeply dipping ductile shear zones i.e. Wadi
Kharite-Wadi Hodein shear zone, and folds,
in addition to widespread granite magmatism
( Fritz et al., 1996, 2002, 2013; Johnson et
al., 2011).  Detailed regional mapping cou-
pled with geophysical investigations for deep
seated fractures in the NS revealed their wide
association with alkaline intrusions (Fig. 1),
( Morsey and Mohamed, 1992; AbdelRahman,
2006).   Fowler and Hamimi (2020) explained
different views on the regional scale and zone
of influence by the Najd Fault System in the
(ANS).  They assumed that transpression re-
gime related to NFS plays a greater role in
casting nearly all areas of the CED and large
parts of the SED (from the Duwi to the Wadi
Kharit-Wadi Hodein shear zones) within the

Fig. 34:  Comparison between average contents of Ta & Nb in El-Gezira alkaline rocks and reference
data from famous rare metal bearing suites. A) Present study, B) Homr Akarem and Homret Mukbid after
(Ali et al. 2012), C) Nuweibi after (Emam et al. 2018), D) Erzbirge from Palchen et al. 1987, E) Rwanda
after Lehmann et at. 2014), F) Abu Dabbab after Heikal et al. 2019, G) Muelha after Abu El- Rus et al.
2017, H) Igla after Hassanen et al. 1996, I) Abu Rusheid after Ali et al. 2011.
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assumed to be initiated by deeply intrusion of
cone like sheets derived from an underlying
magma chamber.  This early emplaced magma
has mantle signature which should be basic
suites in El-Gezira area (essexite, basaltic an-
desite).  Such magmas are believed to become
over pressured and start to dome or expand
upward.  Such expansion may preserve the
suitable circumstances desired to break up the
overlying units and facilitate intrusion of the
caldera cone structure.

b) Caldera phase occurs as a piston style
caldera collapse.  At this stage the mafic melts
may supposed to fractional crystallization
lead to formation of the more evolved and the
oversaturated syenitic magmas (syenite and
trachyte suites).  The wide initiation of the
deep-seated fractures and the deflation of the
chamber during intrusion of the cone sheets
may lead to the partial collapse of the enclosed
area into the underlying magma chamber re-
sulting in crustal contamination and recharge

Fig. 35 : Sketch diagram explains the evolution and emplacement stages of El –Gezira ring complex
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of the original melt.

C) Post caldera phase represents the final
stage of caldera formation and is generated
by extreme extension.   At this stage and ex-
tensive fractionation and crustal assimilation
continued lead to the formation of the highly
evolved suites (trachy-dacite).  The relatively
high temperature of magmas, decrease in den-
sity due to assimilation, and the action of liq-
uids could promote migration of this juvenile
magma to shallow levels in the crust.

CONCLUSIONS

1-El-Gezira alkaline association is charac-
terized by the existence of plutonic and vol-
canic alkaline rocks namely: essexite gabbro,
basaltic andesite, trachyte, trachy-andesite,
trachy-dacite, monzosyenite, carbonatized sy-
enite, and aegirine bearing syenite.

2-El-Gezira rocks are alkaline with metalu-
minous nature.  They have low values of CaO,
MgO, Sr and high concentrations of alkalis,
Rb, Nb, Y, and REE.

3-El-Gezira alkaline association is classi-
fied as A-type granites that formed in anoro-
genic setting.

4-The parental magma of El-Gezira may be
produced from an Nb-enriched mantle source.
This magma can be subjected to minor crustal
contamination through their fractional crystal-
lization.

5-Development of El-Gezira alkaline as-
sociation is explained as caldera type volcano
formed during an-orogenic times through re-
activation of deep-seated fractures.

6-The relatively high contents of Nb in
the studied units should be considered in the
future prospecting for rare metals. However
further studies still needed to infer the miner-
alized zones and ore reserve.
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بترولوجیة وتكتونیة المعقدات الحلقیة فى جنوب الصحراء الشرقیة: دراسة حالة 
التجمعات القلویة فى معقد الجزیرة

عبدالھادى رضوان ، اشرف امام ، جیھان بكر الشایب و محمد حسن یونس

یمثل معقد الجزیرة احد الظواھر الھامة للتجمعات القلویة فى جنوب الصحراء الشرقیة 
حیث یظھر معقد الجزیرة على شكل حلقى واضح ویتكون من عدد كبیر من الصخور المختلفة 
من  قوسیة  باشكال  ومفصولة  المركز  متحدة  حلقات  عدة  من  الجزیرة  تداخل  یتكون  التركیب. 
الخارجیة  الحلقة  تتكون  الھجیینیة.  الصخور  وبعض  البركانیة  والمقذوفات  القلوى  الجابرو 
للجزیرة من صخور البركانیات المتحولة وتدفقات البازلت الاندیزیتى. الحلقات الداخلیة مكونة 
والتراكى  والتراكیت  والكربونات  للبیروكسین  الحامل  والسیانیت  صخورالمونزوسیانیت  من 
اندیزیت والتراكى داسیت. البیروكسین المعینى ھو النوع السائد فى غالبیة صخور المنطقة. بینما 
الامفیبول والالفین یتواجدان فقط فى الصخور القاعدیة للمنطقة. یحتوى معقد الجزیرة على عدد 
للمنطقة. واظھرت  الغربى والشرقى  الشمال  یتجة فى ناحیة  كبیر من الشروخ والفوالق اغلبھا 
التحالیل الكیمیائیة ان غالبیة صخور المنطقة ھى صخور میتالومینیة وتحتوى بصورة عامة على 
تركیزات منخفضة من الكالسیوم والماغنسیوم والسترانشیوم. بینما یحتوى على نسب عالیة من 
النادرة. تعطى صخور معقد  الربیدیوم والنیبیوم والعناصر الارضیة  الصودیوم والبوتاسیوم و 
الجزیرة انماط مختلفة لسلوك العناصر الارضیة النادرة حیث تعطى شكل مسطح فى الجابرو 
القلوى بینما تعطى صخور السیانیت والتراكى اندیزایت والتراكى داسیت انماط مجزئة. ویعتبر 
معقد الجزیرة تابع للصخور البعدیة التى تكونت على سطح القارة حیث یعتقد ان الصھارة الاولى 
اثناء  القشرة  منطقة  فى  صھیریة  مناطق  الى  انتقلت  ثم  العلوى  الوشاح  منطقة  فى  تكونت  قد 
عملیات التباعد القارى. وقد تاثرت ھذة الماجما بواسطة عملیات التفارق الصھیرى مما ادى الى 
تكوین ماجما جدیدة اقل قاعدیة. ومع استمرار عملیات التفارق الصھیرى وزیادة المحالیل الحارة 
واحتمالیة حدوث تماثل لصخور ارضیة اقدم ادى الى تكون ھذا التسلسل المجماتى القلوى مالئا 

للكسور والشروخ التى تكونت اثناء الحركات المابعدیة.


