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ABSTRACT

El-Geziraring complex represents an important alkaline association in the south Eastern Desert, Egypt
display crescent-shaped bodies and vast diversity of lithologies. It consists of severa 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 Geziraring complex comprises a high fractures frequency. El Geziraring complex is one
of amajor cluster of ring complexes aligned along an ENE transform fault in the extreme southern part of
Egypt. Chemicaly, El Gezira rock- associations are mostly metaluminous, and show low concentrations
of CaO, MgO and Sr. Moreover akalis, 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.

INTRODUCTION plexes have long been thought to represent
: ; angitional links between calderas and their

A ring complex is a general term used to transition L
describe an intrusive complex that contains underlying magma chambers ( Williams 1941;

; : Richey 1948; Turner 1963; Smith and Baile
cone sheets and/or ring dikes. Complexes y ) ; y
containing only cone sheets or ring dikes are 1968, and Oftedahl 1978). In the North East

occasionally called cone-sheet complexesand  Affican province, more than 130 ring com-
ring-dike complexes, respectively. Ring com- Pl€xes have been emplaced during Pan Afri-
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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
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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 (EI Ramly et al. 1970; EI Ramly
and Hussein 1985). Garson and Krs (1976)
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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 Ngd into the Sinai, (d) Najd fault
zone between the Duwi fault (DFZ) zone and Wadi Kharit- Wadi Hodein shear zone (KHSZ)
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concluded that the N60°E fault corridor is the
main controlling structure for allocation of the
post orogenic ring structuresin SED. El Ram-
ly et al., 1971; EI 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 (EI 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 mgjor, trace and
rare earth elements as three samples for each
rock type. The analyseswere accomplished at
(ACME) Labs, Canada. The total abundanc-
es of magjor 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-Geziraring complex islocated at the ex-
treme South Eastern Desert at the intersection

of two conjugate main wadies: Wadi Um Gir
and Wadi Naqgit. 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 isdlightly elongated in the northeastern di-
rection with 3.5 km width and elevation of 483
m (Fig. 2a). El-Gezira akaline 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 akaline syenite (Figs. 2a
& 2b). Inthe 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
opague 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
arereplaced 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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irregular phenocrysts and enclosed opague
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, pyroxeneis atered
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 opagues are the main accessories.
Plagioclase has large subhedral and unhedral
phenochrysts. Subhedral crystals are gen-
eraly largely sericitized and Saussuritized
which obliterate the common twining. anhe-
dral plagioclase show partialy 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: Itisbright rock, that consist of
orthoclase and quartz laths within brownish

Fig. 3. Microscopic photo showing major
constituents of essexite gabbro

Fig.4: Microscopic photo showing uralitization
processes of alkali gabbro

o

Fig. 5. Microscopicphoto

“showing major
components and dissolution texturesin essexite

- W, T
Fig.6: Microscopic photo showing resorbed
phenocryst of feldspar in basaltic andesite.
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Fig.7 : Microscopic photo showing euhedra
plagioclase filled with veinlets and corroded by
other components within groundmass forming
the porphyritic texture in basaltic andesite

groundmass. The akali 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 akali 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. 8 Microscobic photo showing paralllel
adignments of quartz and feldspars forming
directive texturein trachyte

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 grainsin the matrix. Opagues 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 opagques and apatite as accessories
(Fig.10). Aegirine occurs as subhedral to eu-
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Fig. 10: Mcroscoplcf photo showing perthi'te,

7

Fig. 11 M‘i'croscpic photo showing aegirine

biotite, and equigranular texture of monzosyenite  Crystals filling interspaces 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
opagues 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
opague 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-
ziraakalinerocksare givenin (Table 1). The
studied association shows a harrow range of
silica average (57.88 wt %) and high abun-
dances of total alkalis (3.76-12.7 wt %), Al O,
(12.3-17.78 wt %) and CaO (0.63-8.87 wt %).
The association also shows high FeO, and low
TiO,with averages as 8.72 and 1.00, respec-

Fig. 12: Micrscopi hoto showing hthy
carbonatized akali feldsparsin syenite

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 liein tra-
chyte, trachydacite, trachyandesite, trachyba
salt and basalt fields (Fig. 14). Moreover, all
rocks are characterized by high FeO/ (FeO, +
MgO) ratios (0.59 — 0.99) and show a ferroan
nature on Frost et al. (2008) diagram (Fig.15).
The high alumina index (Al =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: Magjor oxides, selected trace elements, fractionation indexes and CIPW norm of
akaline rocks from El-Gezira area

Rock

type AlKkali gabbro Basaltic andesite Trachyte Syenite Trachydacite
;’:)“"’le 3 11 14 8 13 18 15 1 20 6 012 25 2
SiO, 50.62 51.70  49.88 55.81 5497 55.37 + 58.69 59.30 57.94 61.44 5980 59.11 : 67.04 64.10 62.32
TiO, 222 0.73 1.36 129 136 238 0.68 098 131 047 069 075 017 024 042

ALO; 1717 1672 16.55
FeOt 11.60 933 1047
MnO 0.24 0.14 0.11

1778 16.74 1653 |+ 1594 1597 15.62
877 894 9.78 9.32 895 917

i
E 1633 1717 16.00
019 017 0.21 i 0.20 017  0.24

7.83 748 892
0.16 014 019

1230 1649 16.17
772 553 6.96
010 011 0.4

MgO 242 8.33 6.48 114 2,65 143 ¢ 036 086  0.87 0.57 033 040 . 023 022 007
CaO 7.22 8.87 8.83 446 557 5.21 3.67 278 334 2.80 378 243, 127 063 031
Na,O 4.82 235 3.74 685  4.62 4.77 7.04 657 612 5.90 613 640 . 395 563 753
K;0 182 132 1.65 271 3.66 319 ¢ 315 372 4.60 3.90 3.62 511 634 611 513
P,0s 0.99 0.08 0.17 044  0.68 039 | 027 023 026 012 025 017} 002 003 0.03

L.OI 0.89 0.43 0.76
Total 99.11  99.57  99.24

057  0.64 0.74
99.43  99.36  99.26

0.48 053 051
99.33  99.53  99.47

0.87 091 0.48
99.52  99.47  99.49

0.53 0.51 0.93
99.13  99.09 99.07
Trace elements

Ba 1460 942 867 | 4421 1759 3468 1 615 489 533 1 7356 9151 4939 ! 195 179 4976
cr 407 396 421 32 29 27 4 7 5 6 5 7 16 5 4
Ga 2549 3114 2339 12717 19 231 2872 2865 3353318 2081 2348 3359 4151 4183
Nb 1415 2138 1865 | 4427 64 384 8549 113 134 | 4539 17.97 3446 | 13386 14251 10697
Ni 27 63 4 126 143 172 36 6 114 32 46 58 122 49 27
Rb 184 276 229 252 336 451 461 63 82! 748 231 3531 116 1043 1042
Sr 901 443 565 721 678 484 301 357 297 136 178 82! 109 43 15
v 6 17 2l 12 0B 18 1 8 15| 4 1 3 1 3
Y 61 485 627 2 34 410 239 56 41 324 117 164 713 643 271
Zr 1276 1413 13381 505 741 684 1 4173  S64 762 1 2637 375 1214 7112 6189 3839
Ta 19 27 320 21 34 280 41 65 370 32 08 18] 17 65 47
Zn 1374 1223 11397 959 1143 13921 1545 1247 1774 1 1238 744 774} 2379 1654 1784
U 09 18 065 1 2 34! 22 31 277 23 07 08! 62 53 2.6
Th 31 636 398 35 84 1277 84 118 132 138 124 119 291 2 109
Rb/Sr 002 006 004 003 005 0.09 012 018 028 055 013 043 106 243 695
YHo 2373 2853 285! 244 27.64 5394737 1 2656 3862 2240 | 432 234 2733 2973 2473 2464
UTh 029 028 016 029 024 0271 026 026 020 017 0056 007! 021 024 023
16
o chyte IF
75 Rhyolite - : 14 Phonalte q-;];;:;?...
7 Panielierite 12 Felal .
Rhyadacite .
1 Decite a 10 [
£ | e
;? L Andeslte E ’ ety 'wﬁ}“\ﬂ =
+
(=] B
g 55 . § ‘
50 n =" * Andoait oacha %,
45 Sub-alkaline basakt NE;::'I':;E 2 i Banalt f::::: \\\
40 : . p Lpust
001 010 1.00 10, 40 45 1] 13 &0 EB Ta TE &2

Nesx{rpmn) Si0; wh. %

Fig. 13.:Nb/Y versus SIO, nomenclaturescheme  Fig. 14: Total alkali versus SIO, classification
of volcanic rocks after Winchester and Fl oyd diagram after Le Bas et al. (1986
(2977)
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Table 1: Continued

9

g‘;k Alkali gabbro i Basaltic andesite 3 Trachyte i Syenite i Trachydacite
;‘r‘""’ 3o 14§ 8§ B 1s§ 519 20§ 6 10 12§ 17 s 2
‘ ‘ . ‘Rare earth elements (ppm)
La 366 173 264 348 384 2061 2T 634 586944 175 244 1L 198 T6
Ce 7814 42 3670 7164 5431 1058 | 10376 1327 16421 863 3681 530123706 36907 143.96
Pr 09 64 87, 96 65 462 17 W3 1781 W6 47 69 282 48 169
Nd 412389 4327 402 37 2640 416 515 6127 348 1901 2901 1079 1696 609
Sm 91 58 741 13 48 6T 78 1L 15431 75 35 53, 20 23 97
Fu 5333 4.1§ 84 53 3.64§ 28 263 z.4s§ 69 87 s.z§ 08 14 09
Gd 2765 81 73 35 647, 66 83 75 T4 59 58 1T N7 69
Th 07 0% 09 L1 087 1 15 L4 08 05 070 27 32 1l
Dy 64 52 490 51 73 48 51 T3 951! 48 25 36, Ml 15 54
Ho W07 220 09 133 0% 09 L& 18| 075 05 06) 26 26 LI
Er 15 287 190 24 367 2381 25 357 428 24 12 170 T4 69 T
Tm 03 042 05! 03 048 064! 04 054 07 03 02 021 L1 09 04
Yb 2 32 248 2 36 413 2 48 5980 21 15 17] 68 6 25
Lu 03 045 037 03 024 056 03 042 087 03 02 03| 09 08 04
YREE 209 137 148 191 163 195 246 304 375 238 103 139 564 866 329
BwBut 192 L6 161| 349 395 L8| L9 081 07) 281 S8 285 013 015 033
(LaYb)y 1267 384 73711205 734 4631 1824 958 8781 2289 808 994 1192 2285 2105
LaSmyy 252 187 2241 299 501 257 423 338 308! 558 303 289 367 455 491
(EuYby 1053 382 399 965 404 69 198 81 4107 661 84 94 1638 ISl
TE,5 101 077 066 096 108 LID 103 109 LI6! 098 087 099! 104 103 101
@ % the diagram of Frost et a. (2001) on which
0 e - all studied samples are located in the alkaline
2 0s i field (Fig.16 ). The rocks of El Gezira alkaline
Eoop| — associations are mainly metaluminous, except
é 05 S for few highly evolved rock types. Thisisin-
3 08 dicated by using o_f A/NK. - A/_CNK _dlagram
g o after Maniar and Piccoli (1989) in which most
i ng samples are classified as metaluminous .(Fig.
b 17). Using of Zr versus 10000xGa/Al binary
o diagrams (Fig.18 ) after Whalen et al. (1987),
T o o . & . the studied association is located on A-type
. granite field. On the Rb versus (Y + Nb) di-

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

agram (Fig.19 ) after Pearce et a. 1986, the
data plot within plate granite field.

On variation diagrams, relation between
SiO, wt% and selected major elements (Figs.
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Table 1: Continued

Rock type Alkali gabbro i Basaltic andesite i Trachyte i Syenite i Trachydacite
;‘:)"“P"" 31 14% 8 13 183 51 zoé 6 10 125 5 2
AICNK 0.89 096 084 089 085 088 08 085 077 08 08 079! 072 090 085
ANK 179 341 2410 128 137 1410 108 106 099! L4 120 0941 079 094 087
T.alk 664 367 5.39§ 956 828 7.96§ 1018 1029 10.7z§ 980 975 11.51§ 1029 1174 1266
Dif .1 5006 2779 3834 6848 6072 5962 471 7570 75 7412 736 5383 6938 8668 6029
FelFerMg 086 059 067! 091 081 090 097 093 093: 095 097 097! 098 097 099
RI 8569 20217 12626 348 8822 9165 | 39801 4736 328 | 8558 7406 20265 | 13627 6829 733
R 12293 1694 1591 | 8829 10558 95266 | 723 65339 7060 64819 7574 59405 3889 40L5 3534

CIPW norms
Q o 0 0l 0 0 0/ 0 0 0 08 0 2345] 298 219 2966
or 1088 7.84 9831612 21.8 1901 1876 1981 27.35: 2348 21.52 3038 395 3647 30.63
ab 3681 19.95 2456 4542 3845 4061 5126 5573 4249 5011 52.08 0F 0 4802 0
an 001 326 264] 978 1419 1434 | 258 429 153 65 865 0l 0 164 0
ne 2.37 0 395 694 047 0/ 469 016 516 0 0 0 0 0 0
ns 0 0 0 0 0 0! 0 0 0 0 0 1266 7.82 0 1495
Diwo 43 520 815 412 402 393| 597 345 567 28 365 484 26 056 057
Dien 108 283 39! 074 131 084 035 047 078 029 025 031 001 003 001
Difs 348 22 443 371 285 337! 633 331 543 281 382 487: 28 059 064
Hyen 0 1184 0/ 0 0 181 0 0 0] 114 019 089 046 052 07
Hy fs 0 919 0l 0 0 649 0 0 0! 1114 302 1068} 1133 945 118
Ol fo 321 437 87 149 376 081 039 119 098: 0 027 0: 0 0 0

Olfa 141 374 1047 824  9.05 359 782 922 754! 0 468 0! 0 0 0
il 426 139 26 246 26 456 13 188 25, 09 132 143, 032 046 081

ap 248 048 037 097 15 086 054 051 057: 026 055 037: 004 007 007
H 20
12
o Feralumnaus
12 . .
L] Metaluminous
2 M ®
f ) S ¥
S’ a i %
S. ] Alkaliné:series
=y s ine seri 1.0
ub -Alkaline series Peralkaline
6 € !
5
4
as B0 5 80 85 (] 05 10 15 20

$i0: Wt % - AMNCK

Fig.16: Discrimination diagram between alkaline  Fig. . 17: A/NK vs. A/CNK binary diagram after
and sub- alkaline series after Irvine and Baragar Maniar and Piccoli (1989)
(1971)
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al. (1984)

1000

20 -27) the compositional gap between the ba-
sic, intermediate and acidic alkaline associa-
tion is very small or absent. With increasing
SO, the contents of Al O, FeOt, MgO, Ca0,
and TiO, show a gradual decrease while the
total alkalis possess positive relation . The
Ca0 content shows the highest value in aka
li gabbros with average 8.3 wt %, meanwhile
other akaline association contains lesser val-
ueswith average 3.0 wt %. The agpaitic index
(NatK)/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

11

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 nephelineisvery low
for al akaline 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
inP, Ti,Y, Sr, Co,andV (Fig.28). Genera-
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Fig. 20: Variation diagram of SiO, wt % and
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ly, the compatible trace elements show strong 10
decrease from the akali gabbros to the more
acidic varieties. V, Ni and Cr decrease with Alkali gabbro
increasing the SIO, (wt %) for the analysed
samples (i.e. Ni decrease from 63 to 3.2 ppm, k 1€ 4
V decreases from 214 to 1 ppm, Cr decreases =
from 421 to4 ppm . i
Chondrite normalized trace-element REEs E L
areshown on (Figs. 29-33), based onthechon- @
drite values after Sun and McDonough (1989).
El-Gezira alkaline rocks reflect a progressive L o o e B I T '
increase in REESs contents from alkali gabbros =2 Co PrNd€EiGITh Dy Ho =r Tr Yb Lu

(ZREE = 137-209 ppm), intermediate associ-
ation (XREE = 103- 375 ppm) to trachy-dac-
ite (XREE = 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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L REE 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 EWEU* 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
— 491 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 akaline 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

1000

Basa fic andasite

la CoPrNdimzuG T Ov H E TmYe Lu

Fig.30: Rare Earth element patterns for basaltic
andesite
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(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 akaline rock verities
which is relatively different from most alka-
line associ ations 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 rel ationships 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
Geziraring complex may be evolved.

Possibl e 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 acluefor theincomplete
magma mixing. Reversely zoned crystds 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 akaline
association has severa petrographic and chemi-
ca datathat can support the hypothesis of mag-
ma recharge or mixing as follow: (&) most pla
gioclase and pyroxene phenocrysts exhibit com-
plex zoning structures, (b) complete or partia
resorption of phenocrysts, (¢) existence of em-
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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 therma and chemica equilibrium
with the host magma. Changes in CaO, NaxO
and K, O, contentsin the El-Gezirarocks are in-
terpret through fractionation of feldspars. The
wide differences in dkalinity 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 NaO contents ~7 wt % in
some andesite and dacite rocks may ascribed
to the interaction between of seawater and the
alkalinelithologies during the ring complex em-
placement. Generaly, the akaline 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 datamay 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 dl are indicative
of plagioclase accumulation during crystalliza-
tion (Barnes et a., 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 shalow crustal level that retained Eu in pla-
gioclase at the source. In contrast akali gabbro
and basaltic andesite samples have high Si/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
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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-Geziraring 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-
shdll, respectively. The caculated 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-
zZiraakaline 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-
blein 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 hydrothermd activities during the evolution
of these rocks. Such fluids may be responsible
for enrichment of many rare metalsin 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.

Mohamed (1998) recorded Nb value up to 280
ppm in the highly evolved trachy-dacite from
El-Gezira. Figure (34) showscomparative rela
tion between average contents of Nb and Tain
El- Geziraakalinerocksand in famousclassica
Ta-Nb bearing granites/pegmatites. It is clear
that the studied association hashigh Nb/Taratios
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
depositsin the Nubian Shield. El-Gezira asso-
ciation shows relatively lower concentration of
Ta but till 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 akaline association may
present a new concession for Nb/Ta rare metal
prospecting, however more information is till
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 amost 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 Americaand Africa. The
tectonic interplay between oceanic and conti-
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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 al areas of the CED and large
parts of the SED (from the Duwi to the Wadi
Kharit-Wadi Hodein shear zones) within the

Nad Fault Zone (Fig. 1). Based on that, the
Egyptian Neo-proterozoic cover is supposed
to coupled mgjor 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 Allagi-Heinai
suture zone (Fig. 1). Hence, the Egyptianring
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
akaline ring complex in the Southeastern
Desert alocate 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) Precalderaphaseisthe early stagethat

Current Study

Homr Akarem &
Homret Mukbic

Nuweibi
Erzbirge
Rwanda
Abu Dabbab
Muglha

Igla

I Nb
[T1a

Abu Rusheld
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Fig. 34: Comparison between average contents of Ta & Nb in El-Gezira alkaline rocks and reference
datafrom famousrare 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 a. 1996, |) Abu Rusheid after Ali et al. 2011.
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(Stage 2: Caldera phase)
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Fig. 35: Sketch diagram explains the evolution and emplacement stages of EI -Gezira ring complex

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 crystalization
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



PETROGENESISAND TECTONIC EVOLUTION OF THE RING COMPLEX 19

of the origina 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 lig-
uids could promote migration of this juvenile
magmato shallow levelsin the crust.

CONCLUSIONS

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

2-El-Gezirarocks 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-Geziramay 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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