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Abstract: Gabal El Kahfa ring complax eccurs in the southern
Eastern Desert, Egypt, at the intersection of lat, 240 &/ 18/ N and lang.
34p 38/ 550 E on the narthern side of Wadi El Khrit . The ring complex
exhibits incomplete type forming a horse-shoe ridge opaned to the south,
where the central stock [~ 1 km in diameter) is located naar the southarn
apenning.

Petragraphically the diarite and porphyrites (Metavalcanic) represent
the country rocks of the area. The ring complex is represented by alkali
syenites and quartz syenites in the outer ring and the melanocratic
synepites. Alse the cantral stocks are mainly represented by essexita
gabbros and different dykes. The studied syenitic rocks are characterized
by the presence of parthitic feldspar and plagioclase feldspar which mean
that they are subsolvus.

The geochemical featuras revealed that the syenitic rocks of Gabal El
K.ahfa ring complex originated fram metaluminous alkaline magmas that
daveloped in within plate fectonic setting being generated at depth of
about 9-21 km equivalent to 3-6 kb and temperature more than 840°%c with
multi-processes of both assimilation and fractional crystallization
involving plagioclases, harnblende and Fe-Ti oxides from a partial melted
lithozpheric magma

The total rare earth elemants (REE) concentrations show an increass
fram the outer ring to the inner ring and have positive correlation with
silica content which indicates that there are separate magmatic pulses.
The chandrite-narmalized REE patterns of the studied samples of the
inner and outer ring complexX show strang light rare-earth element (LREE}
gnrichment owver the heavy rare-earth eiemeants (HREE) displaying
pronounced fractionation and the negative Eu anomaly and consistent
with plagioclase fractionation. The REE composition of the culter ring
structure was achieved at 48% fractional crystallization whereas that the
inner ring structure was achleved at 53% crystal fractionation.

The relations beiwsen U and Th elements reflects enrichmant with
magmatic differentiation. Also, the behavior of U and Th respect to Rb
show there is thus a close link between Rb, Th and U in the evolution of
magmatic series whether this evolution follows magmatic processes. It is
clear that the U and Th contents are controlled by the presence of some
accessory minerals {zircon, allanite, apatite and iron oxides) whereas iren
oxide and hydroxides have the ability of adsorbing uranium from
cirgulating selutions.
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Introduction

Following the progressive cratonization of the late Proterozoic intra-oceanic
lsland-arcs systems, post-orogenic granites of Pan-African age wera emplaced
throughout the Arablan-Mubian Shield (ANS), {Almond, 1978; Stoeser and Elloit,
1980, Vail, 1984). Two lithologic assoclations have been recognized, viz, the
Younger Granite association and the Syenite association.

The syenlte association particularly oggurs in the Arabian seclor of (ANS],
in southeast Egypt and northeas! Sudan as ring-camplexes confined to narrow
bands trending ENE or NNW, which appear to be related to brittle fracturing of the
cratonized basement subsequent ta the end of the tectanic events (e.g.E! Ramly et
al. 1971; Vail, 1984, 1985), Mastly, these complexas are made up af alkali
granites, quartz syenites, trachytes and gabbros. They form prominent peaks and
gealagically much younger ranging in age from 540-88 Ma (Hashad and El-Reedy,
1679 Serencsists et al., (1979; 1981); 440-88 Ma Slern and Hedge, (1583).

Vail (1989) distinguished the ring compléxes Into two major groups
accarding to their teclonic settings during their emplacement: {a) Flats —margin
environment of oceanic crust characterized by island arcs and subduction related
magmatism and adjacent continental margin where magmatism ranges from calc-
alkaline ta alkaline; late-, to post-osrogenic intrusive complexes beleng to this
stage of oregenesis, (b) Within-plate anorogenic magmatism OCCUrs within the
continent, and is best exemplifiad by the Phanerozoic complaxes post-dating the

Fan-African orageany.

Based on local morphological and structural criteria, EI Ramly et al, (1971}
classified the syenite association in Egypt into the following groups: a) Compleie
ring complexes, b) Incomplete ring complexes, ¢} Plugs, domes and ring dikas, d]
|sametric masses. Each group has its characteristic lithology and sequence of

amplacameant.

Meneisy (1690} reviewed the geochronalogical studies on the rirg
complexes in the Eastern Desert, Egypt. He placed El Kahfa ring complex in the
Late Cretaceous- Early Terfiary volcanic phase (90+20Ma). The ages reportad for
El Kahfa ring complex range from & Rb/ Srisochron age of 81.4 Ma {Hashad and
El Reedy, 1579). Also, Serencsits et al. (1979; 1881) reported a series of AT
ages on separated biotites ranging from 96 to B85 hia. v

The aim of this study is to describe the mineralogical and chemical
characteristics of the El Kahfa ring complex.in arder to recognize the magma
source, the sequence of magmatic differentiation, and the tectonic satting in which

the complex avolvad.
Geologic Setting

Gabal El Kahfa ring complex occurs in the southern Eastern Desert, Egypl
at the intersection of lat. 240 B/ 18// N and long. 340 38/ 55/7 E an the northern

]
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Fig. (1): Distribution map of the Ring Complexes in Eastern Desert .
The studied ring complex is in the box,
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side of Wadi El Khrit (Flg.1). Gabal El Kahfa represents an incompiete Firg
complex type forming a horse-shoa ridge opened to the scguth, Il is also an
gccentric ring whare the central slock {~ 1 km in diameter) is located near the
southarn opened part. The whole complex is 4 km in diameter comprising an outer
and inner rings as well as the central stock. The highest point is elevaled 1018 m

above sea level,

The detailed gealegy of the complex was repartad by El Ramly et al, (1969;
1971} who published a geological map of the ring complex {1:40,000). (Fig.2). The
country rocks hosting the ring complex comprise diorite grading sometimes inio
quartz-diorites, The general character of the rocks is nat uniform; the varielies
range from melanocratic varleties {pyroxenites and amphibalites} to leucocratlc
anes of the syenite type. Less than 1km to the west aof the ring camplex the diorite
Is faulted against a regionally metamorphosed rock  group camprising
porphyroblastics. The country rocks are cul by numergus dikes of wvarying
compasitions. :

The outer ring has intrusive characteristics, its auter contact dips outwards
whare the innar contact s associated with circular fault marked by shaaring and
ferrugination. The faull plane dips towards the central of the complex. The rocks of
the outer ring ranga from quartz-free alkaling syenitas 1o quariz —bearing ones.

The inner ting of the complex, in my opinicn represents a cauldron
subsidence along the circular fault, which marks its outer contact. The inner
contact is partly covered by Wadi deposits, however, intansely cataclased and
farruginated rocks especially along the eastarn parts of the contact are ohsarved
indicating sheared zone. The rocks of the inner ring comprise mainly fine to
medium grained gquartz-bearing alkaline syenitas wvarying from leucocratic to
melanccratic varielies.

The central stock is wadge shaped forming & conical hill at the southern
entrance of the complex, It is mostly composed of the hornblende gabbro that is
cut by small bodies of alkaline sysnite and nepheling syenite. The central stock &
cut by different types of dikes, Relics of the original voleanic cone are preserved In
the eastarn part of the stock representec by trachybasalts and their ‘pyroclastic
gquivalents.

Petrography of Ei Khafa ring
A-Country Rocks
1- Dicrites.

The digrites are grey coloured, massive and ineqguigranular rocks. They are
composed of plagioclase, mafic minerals, quartz and opaqueas. Microscopically
they show a hypidomorphic texture and composed essentially of plagioclase,
hornblende, biotite and relics of augite, rounded grains of quartz and opaques.
The accessories are apatite, sphene and zircan (Fig: 3-a, b&c).
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2-Metavolcanics.

The meatavelcanics ara represanted by matabasaltls and meta-
andesites. The metabasalts ara dark gray to black with porphyritic texture. They
have fluldal texture with xenoblasts of plagioclase (An 45-50) and actinolitic
hornbiende set in a finer groundmass composed of plagioclase microlaths,
tremolite and cpagues [(Fig: 3-d&e). Chilorite, zoisite, epidote are present as
altaration products.

The mela-andesites are fine grained, massive, grevish grean in colour and
parphyritic .They are essentially composed of plagioclase [(An 40-43), actinalite,
chlorite and small amount of quartz in finer groundmass consisting of plagioclase,
biotite, epidete, apatite and opaques (Fig: 3f).

B- The Ring Complex
1= The Quter Ring

The outer ring is composed mainly of alkali feldspar syeniles and quariz
syenites. These rocks are greyish in colour, coarsa to medium grained with
syenilic texture, Microscopically thay are composed of arthoclase microperthite,
plagioclasa, aagerine and iron oxides with some accessory minerals as apalite,
zircon and sphene (Fig 4-a, b). Some quartz is observed in few samples.

Orthoclase microperthite are present in two generations which are coarse
ta medium grained and fine grained (Fig 4-a). But plagioclase is mostly albite-
oligoclase (An 10-18) (Finp 4-d). Hornblende is present as inclusion in the
plagioclase and it is alterad to biotite (Fig 4-f) and the biotite inclusions increase
at the periphearies of some hornblende crystals (Fig 4-b).

The farromagnesian minerals are mainly gresn aegirine, aegirine-augite
which are usually replaced by biotite and titaniferous augite. Small amont of quartz
as fine grains are preseant in the interstitial spacas betwaen feldspars crysials and
thera are soma accassary minerals as zircon and apatite are present (Fig: 4- ¢).

2= The Inner Ring

Tha inner ring iz composed of melanccratic svenitic rocks. The;-.rtappr.-:ar in
hand spacimen as dark grey in colour and fine to medium grained.
Microscopically, they have hypidiomorphic texture and composed of plagiocliasas,
orthoclaze and titaniferous aguites. Some samplas show the presance of small
amount of nepheline crystals which oocure as prismalic and elangated nepheling
crystals are presand as inclusions In biotite and perthites (Fig: 5-a}. The
accessories are dominated by apalite minerals (Fig: 3-a, b}

The plagicclase feldspars have pericling iwinning and its anorthite cantent
range between 45-58{An 45-58) and zoning is common (Fig: 4-2}. Orthoclase |5
lass abundant and always untwined and has parthitic intargrawth.
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homblende and quartz in diorite. C.N. X=10

{a) Microphotograph  showing  Plagioclase,
| diorite. P.L. X=20

1] Micrapholograph showing augite and biotite in

{c) Microphotograph shawing apatite and zircon in
diorite, C.M, X=20

Microphatograph shawing
microlaiks and tremaolite n metabasalts C.M,
X=25

(e}

"{d) Microphotograph showing Fludial  texture, in

metabasalls N, X=25
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{f Microphotograph showlng plagioclase microlaths,
aclinolite chlorile and epidote in meta-andesiles

CLM. X=25

Figure [3)
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{a] Microphotograph showing euhedral
erystal of orihoclase micraperthite and
harnblende in alkaline syenites [ouler ring)

() Micropholagraph showing asgrine in
alkaline syenitas . (Outer ring) P.L
=10

{c} Microphctograph showing zircon and
apatite in alkaline syenites . {outer ring)

{d} Microphotograph showing
plagiociase and flaky biofite in {Outer
ring

(2} Microphotograph showing antiperihite
in alkaline syenites . (Inner ring) C.M.
AZ2D

|"{f) Microphatograph showing simple

twinning in homblenda in alkaling

| syenites . (Quter ring) C.N. X=25

Figure (4}




Diefla J. Sci(Geo.) 32 1 -31 (2008)

The ferromagnesian minerals are mainly titaniferous augite. aagirine-augita
and iron oxides (Fig: 5-b). The accessory minerals are mainly represented by
apatite and few sphene grains.

3-The Central Stock

The central stack is represented by Hb- gabbros, trachybasalt and small
bodies of essexite diabases which are hypabyssal equivalent of essexite gabbros
and trachybasall. The essexite gabbros are coarse to medium grained with light
greyish to greenish colour. Microscopically they have hypidiomarphic to
panidiomorphic texture and they mainly consist of cumulus plagioclase,
amphibales {mainly hornblende) and pyroxenes (titanoaguite replaced by

aegirine-augite and others dark minarals) (Fig: 5-f), while chlorite and bictite are
present as secondary alteration products (Fig: 5-e). Opaques, apatite and sphene
Are aCCess0ries,

The most common accessory minerals present in the studied rocks are
zircan, (Fig. &) apatite (Fig. 7), ilmenite (Fig. 8) and magnetite (Fig. &)

Accarding to the textural characteristic, (Tuttle and Bowen 1958, Greenberg
1881), the studied syenitic racks are characterized by the presence af parthitic
feldspar and plagioclase feldspar which means that they are subsolvus, Also,
modal analysis of the studied racks are shown in table (1) and platted graphically
in AP diagram after IUGS (1879) and Streckeizen V1878) (Fig. 10). It is clear that
the studied rocks plot in the syenite, and quartz syenite fields.

Table {1} Modal analysis of Gabal El Khafa samples.

Cutar ring Inner ring
Sample Wa. |
x Kh- Kh- Kh- Kh- Khs=
Kh=7 | ®h-8 Kh-9 Kh-11 Kh-12
13 14 15 16 17 |
]
Quariz 4.1 BT 5.0 3.0 5.1 1.0 5.1 2.5
Perthite-arthoclase | 72200 [ 732 |'74.2 | 784 |74 Wves |7a0 |754 |83z E1.0
Plagioclase 12.4 12.6 134 11.9 11.2 b5 10.2 1.0 7.6 4.1
1

Adgile-Aagirine

8.2 6.6 73 B4 E.49 8,6 8.5 2.8 58 B
Buglle | |
Haphaline - - - |.= - | = | ‘1 0o.4a -

- =ik i i

Hornblernde &Biotite | 0.7 0.8 | B3 1 R - - - 15 1.2
| ASCassory 2.1 1.5 2.5 123 157 2.0 2.0 1.5 1.1 1.8

General Chemical characteristics of the studied rock units

Seven samples representing the country rocks (3 diorites  and 4
metavolcanics samples) | six samples representing the alkali syenites of the
outer ring, four samples from the alkali svenites and two samples from the
nepheline syenite of the inner ring and two samples representing essexite
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[a) Mitr{lphﬁlﬂgfﬁﬁﬁm showing aegrine augite and
iron axidas in nephaline syenite . (inner ring) P.L.

A=20

S T

(b} Microphetagraph shmiﬁg nepheling  asscoiated |
with biotite in nephaling syenite (inner ring) C.N. X=110

of K- | [d) Microphotograph showing biolite in  essexile
gabbros C.M. X=25

{e) Microphotograph showing Hb and pyroxene in essexite _g_al::-hmé C.N. X=25

Figure [5]
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gabbro of the central stock were analyzed majer oxides and some frace
slements in the Analytical Laboratories of Muclear Material Authority and
someof the samples were analyized by inductively coupled plasma-mass
spectrometry {ICP-MS) in the ACME Analytical Laboratories LTD, Canada far
trace and RE elements. The analytical results of major oxides and trace
elemants along with the calculated C.I.P.W. norms, and some geochemical
parameters are glven in Table (2] for the country rocks and table (3) for the
ring rocks. These data will be used to discuss the gacchemical classification,
magma type, tectonic setting and petrogenesis of the couniry and ring rocks.

1. Chamlecal Classification and Magma Type of the Country Rocks

From Table (2} the petrochemical nomenclature, magma [ype and
tectonic setting of the studied samples by using the total alkalias (Na20 + KZ0)
versus Si02 (Le Maitre 1988) as shown in Fig. [11). indicatles that the
metabasalt samples plot in the basalt field and meta-andesites piot in the
andesite fleld. Accarding to Cox et al., (1879) the diorite samples plot in syeno-
diorite fiald as shown in Flg. {12). Also, Le Maitre, (1988) used the K20 versus
Si02 relationship in order to classify the volcanic rock series, as shown in Fig.
{13} Where the studied samples lie in the medium-K field. The AFM diagram the
studied samples show that the diorite and meta-andesite samplas have cale-
alkaline but metabasalt samples have tholeiitic character Fig. {14},

The average distributions of the trace elements in the studied country
rocks show that Zr. ¥, Nb, Ba, Ni, Co, and V are more enrichad in the
metavalcanics (metabasalt and mata-andesita) than diorites but the average of
the trace elements Sr, Rb, Cu, Cr and Zn are more enriched in diorilas than
matavolcanics (metabasalt and meta-andesite) This is contributed by
differentiation of the magma and the presence of some a accessory minarals
2-Geochemistry of the ring rocks:-

The geochemical classification, and namanclature of the ring rocks can
be determined by by using The total alkalies [(NaZO + K20} versus S0z
diagram (Middlemost, 1885) as shown in Fig. (153). |t is claar that the innar and
outer ring samples piot in alkali Gz syenite field and ane samples poit in the
guartz syenite and other in quartz monzaonite fields. The tolal alkalies (Na20 +
K20) versus SI02 (Le Maitre 1989} as shown in Fig. (16}, axhibits that tha
inner and outer ring samples plat in the syenite field,

The magma type of the investigated syenite rocks will be discussed
using some geochemical parameters. major and trace slaments and normative
compositions. The average agpalitic index in the studied samples is 1.09 which
means that they are agpatic In nature which explains the formation of alkaline

o

1
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minerals like aegirine (Goldschmidt, 1954) Alse from the variation diagrams, of
major elementsSi02 ~=Na20+K20 Irvine and Baragar, (1971) it is clear that the
most of the studied syenite samples have alkaline character Fig, (17).

The AFM diagram (Irvine and Baragar, 1871} figure (18)show that the
studied syenite samples plet in calc-alkaline field and the samples show a trand
parallel to the extansion regime of the Petra et al. {1873},

The AIZO3/NaZO+K20) - AIZ03/(Ca0+Na20+K20) diagram figure (189}
show that the studied samples were generated from peralkaline magma.

In order to determine the tectanic setting of emplacement, several
diagrams based on the trace elements concentration are used.

A number of major and trace slement variation diagrams are used to
provide useful infarmation about the nature of the tectonic regimes within which
magmas were generated. Maniar and Piccoli, {1989} discriminated the tactonic
setting of the granitold rocks based on their major elements chemistry. They
dicriminated the oceanic plagiogranite (QOP) fram all other garanitoids by using
the K20 versus Si0O2 plot shown in (Fig.20) the studied samples plat outside
the oceanic plagiogranite field, Discrimination between araup | subduction
related granites ({island arc granitoids  + continental collision granitoids +
continental arc granitoids), group |1 rift related granites (rift—related granitpids
* continental epeirogenic uplift granitoids) and group 11l granites rpost aragenic
granitoids) can be achieved by using Feo*/FeO+MgO versus Si02 diagram as
shown in (Fig. 21) where the studied samples plot in RRG + CEUG field. Also
the discrimination between rift-related granitaids and continental epairogenic
uplift granitelds can be achieved by the TiQ2 Plot as shawn in Fig. (22} Where
the studied samples plot in the continental epairogenic uplift granitards, Also, it
is associated with continental areas, which have experienced epeirogenic
crustal uplift with no sunse:{u_e'hl: devalopment of a rift, This uplift is possibly
due to hot spot activity or an aborted rifting event.

The variation diagram of Nb-Y Pearce et al, (1984} 'is used to
discriminate between oceanic ridge granite which is enriched in ¥ contants and
volcanie arc and collision granites which are depleted in ¥ as shown in (Fig.
23}. The data of the studied samples plot in the within- plate field.

The variation diagram Rb-(Y+ Nb) Pearce et al. (18984} is used to
discriminate between wvolcanic arc granites depiated in Rb contents and
callision granites enriched in Rb as shown in (Fig.24). The studied samples lie
in the within-plate granite field, This indicates that the studied samples ara
develapad in within plate tectonic setting.
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ahle (2):- Chemical analysis of major and trace elements of the countary rocks of Gabal
El Kahafa ring complex.

Rock Diorite Metavolcanics
type Metabasait Meta-andesite
Sample | Kh-1 | RKh-z | Kh3 | Khd | Kht! | Kh5 | Khi5f
Mo. ! :
Si0; B0.52 | 6213 | 6218 | 48.70 | 48.30 | 6121 | 6093 |
TiO; 071 | 044 0.24 0.93 1.10 1.15 0.95
AlLO, 1590 | 1619 | 16.01 | 16.10 | 16.20 1660 | 15.61
Fa;0; 1.31 1.39 1.29 4.50 3.35 3,72 3.25
|__FeD 5.01 4.51 4.52 7.10 7.93 370 | 3.81
MnO 0.19 014 | 021 | 0.25 0.23 0.12 0.18
MgD | 045 1.34 1.14 3.65 4.23 2.18 2.93
CaD 5.36 4.75 4.93 B.69 840 | 3.35 3.68
Na,O 6.24 4.88 5.40 jz0 | 33 345 3
K20 3.25 | T8 3.01 1,30 | 098 135 | 141
P;04 0.21 0.28 0.31 0.35 0.30 0.22 0.25
L.O.L 0.80 0.79 0.81 4,92 4.64 311 3.29
Total % | 99.95 | 9963 | 100.05 | 99.70 | 99.97 | 99.86 | 99.83
C.LP.W.norm
0z | 115 | 1042 [ 7.20 160 | 099 | 27.84 | 23.53
Or 19.38 | 16.64 | 17.94 | 811 | .08 8.25 8.65
Ab 5313 | 41.81 | 4599 | 2854 | 29.35 | 27.52 | 20.89
An 579 | 1414 | 10.60 | 2710 | 27.71 } 15.85 | 17.43
Di 16.26 | 6.81 10.42 | 1338 | 1172 0.00 0.00
—HY 0.00 6.67 482 | 1.1 | 1649 | 774 | 10.78
Wo 0.49 0.00 0.00 | 0.00 0.00 ; 0.00 0.00 |
= iCor § W00 0,00 0.00 0.00 | 0.00 4.47 2.39
Mt 1.92 2.04 1.88 6.89 5.10 5.58 4.89
[ 1.36 0.85 0.46 1.86 2.19 2.26 1.87
Ap 0.46 0.62 | 0.68 0.81 0.69 0.50 0.57
Trace elemants
|2 415 430 | © 461 542 529 528 539
i 34 7§ 40 38 46 44
5¢ 410 435 476§ 39 401 318 334
Rb 55 46 51 34 31 g 29
Nb 18 20 16 TR 63 57 51
Ea 615 713 | 690 960 905 BEO 893
Cu B84 73 80 62 58 60 61
Ni ; V] e L. 11 28 | 30 25 23
Co 9 B 8 10 i1 5 | 13
Cr 45 42 | 43 30 | M 25 24
v T e P 21 -7 18
Zn 7% | 63 | “-ef 39 38 43 | 39

14
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W. 5. A. Ei-Naggar, Pefroganasis of Gabal EI Kahfa Ring Cormplax

Erom the above discussions we can summarize that the syenitic rocks
ware originated from metaluminous alkaline magmas that developed in within -
plate setting under an extension regime.

Petrogenesis and Crystallization candition of Syenitic Rocks

In arder to understand and determined the petrogenesis of the syenitic
rocks of the studied arga, the arigin and possible condilions of crystallization of
these rocks can be discussed

in terms of their chemical composition and discussed within the
framework of the evolution of the Egyptian Shield.

Gruyter and ‘Vogel (1881) suggest that the Egyptian alkaline ring
complexes are formed by partial melling of common source and similar
mechanizsm of asthencspheric disturbance and uprise along deep lithospheric
lineaments.

Generally speaking, alkaline suites can be formed in accordance with
major shifts in plate velocity or shifis in plate movement direction. Girdler
{1970} has indicated a general anticlockwise movement of Africs, changed
lately to clockwise rotational movement, while Arabia cantinued ta move
anticlockwise.

The K-Rb variation diagram of the studied syenitic rocks is shawn In
{Fig. 25). The avaerage values of sludied syenites equal 462which are higher
than the crustal average value of 250 (Taylor, 1965). The higher K/Rb ratio
indicates socurces regions for magma generation in the lower crusi (Heier,
1973} or upper mantle {Gasl, 1965). Alsg, the higher K/Rb ratios for the more
fractionataed granitic. phase probably indicate magma generation mechanism
invelving dehydration of amphiboles at dagper levels in the lower crust (Griffin
and Murthy, 196%9), In the studied samples the K/Rb ratio rises strangly from
204 ta 1193 which indicate the K mobile and Rb inerl. This investigated that the
processes linked to cumulate formation are impaortant to give the range of
syanites in an environment which is homogeneous with respect o fiuid phases.
The percentage of potassic feldspar in the rock is the result of plagioclase
fractionation in the magma (Bonin, 1986).

The Rb/Sr variation diagram is shown in (Fig., 26). The mes!l values of
Ru/Sr of studied samples are = 0.5 which indicates that the syenites rocks were
generated from more evolved magmatic fluids.This indicate that the action of
magmatic liquid on trace element behaviour there is early precipitation of Ba
and Sr with Ca in the plaglaclases followed by a residual concentration of Rb
and K but j.-:liht:-ut the Intervantion of an abundant fluld phase.
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The K-Ba varialion diagram is shown in (Fig. 27) Tha most values of
K/Ba is greater than the average crustal ratics line (K/Ba=65) which indicate
that they are depleted in Ba.

The Ba-Rb variation diagram shown in (Fig.28). It can be used to signify
the degree of fractionation of granitoid recks. The line represanting the average
Ba/Rb ratio for the crust is about (4.4} (Mason, 1968), The Ba/Rb ratios of the
studiad granitoid show that they have high values than the average crustal ratio
that is consistent with the suggestion that these samples criginated from a
enfiched Ba sotrce

Also, the environmental cenditions of the syenitic rocks can be
determined froam the normative{Qz-Ab-Or) and [(Or-= Ab-An) sysiems as
follows: -

The Qz~-Ab-Or system is shown in iFig. 29} The cotectic boundaries at
0.5 and 10kb are alse shown, The studied samples are plotted in the region
which indicates formation at water pressure 3-7kb at depth range from (9 -21
km) Wilson, (1989)

Figures (30) show the quartz—albite-orthoclase system illustrating the
temparature isotherms. The studied samples crystallized under temperature
more than 840° {James and Hamilton, 186% and Winkler el al. 1975).

Figure {31) shows the Ab-An-Or system with the fields of rock types
after O'Conner, (1565) and Barker, (1878). The effect of PH2O an the position
of cotectic boundary between arthoclaze and plagioclase at 1 Kb and SKb
PH2O are atso shown after Tuttle and Bowen (1958). The studied samples plot
in the granite field and the magma was generated at somawhat intermediate
depths equivalent to 3-8 Kb

Crystal liguid fractionation can alsa produce significant changes in felsic
magmas and result in chemical trends that are reverse of those produced by
higher degrees of melting, i.e., lesz salsic granites {Bateman and Chappell,
1879}, From the abave it is clear that the syenitic rocks of Gabal El Kahfa Ring
Complex are genarated at depth of about §-21 km equivalent to 3-8 Kb and
temperature ranging from 760° ta 840% with multi-processes aof hoth
assimilation and fractional erystallization Involving plagioclases, hornblende
and Fe-Ti oxides fram a partial melted lithospheric magma,

From the above we can conclude that Ef Kahhfa massif intrudes sharply
the syntectonic granitoids, while it is cut by the younger volcanics, The ring
was emplacad through twe main phases of activity. The first constitutes the
cuter part which is generally white in color and the second phase constitutes
the inner ring massif which 15 of red caiar
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Splder Diagrams of the Ring Complex

The racks in the inner ring and outer ring are normalized to (ORG),
(Pearce et al.,, 1984), as shown in Figs.{32 £33 ) and plotted together with
granophyre phase of the Skaergaard within-plate complex of Morth East
Greenland (Pearce et al., 1884) for comparisan. It is clear fram the Fig. {32}
that the alkaline syenite and nepheline syenite of the inner ring show similar
pattern characterized by enrichment in Ba, Th and Sm and depletion in
Rb , Ta . HNb,and¥b .Also, from the Fig. {33) it is clear that the alkaline
syenite in the outer ring show similar pattern characterized by enrichiment in
Ba . Th and Sm and have average valuas in Rb . Ta . Mb , and ¥b
ralative to the compared granophyre phase indicating more plagioclase
fractionation
Rare-earth alements

Six samples, (two samples sach from alkaline 's:,:enite and nepheline
syenite of the inner ring and the alkaline syenite in the outer ring) ware
analyzed for 14 REE. The REE concentration is shown in table [3).The total
rare earth elements {REE) concentrations (La-Lu} vary from 29% to 520 ppm
{table 3}, Wt is clear that the total REE concentrations Increase with increasing
the distance from the margin of the Intrusion. They also show incraasing
content from the outer ring to inner ring. The ralation between the total REE
concentrations and sllica content Fig. (34} show clear pasitiva carrelation and
show three separate lines of evolution which indicate that there are separate
magmatic pulées.

The cheondrite-normalized REE patterns of the studied samples
accarding to the primitive mantle (Fig. 35), is parallel and largely unifarm within
each lithelogic unit and within the whole ring. Al (Fig. 33), the normalization
values are from Taylor and Mc Lennan (1985}, The studied sampies of the inner
and euter rings show strong light rare-earth elements (LREE} enriu[u‘nent avar
the heavy rare-garth elements (HREE} and thus display pronaunced
{ractionation, The chondrite-normalized HREE patterns are rather flat.

Some of the studied samples exhibit a significant negative Eu anomaly
{Fig.35), indicting that the plagioclase was a fractionating phase. However, four
samples of the alkaline syenites of the outer, inner ring exhibit prabably
In-:lu:atmg variable accumulation of feldspar. There s a general negative
correlation between the normative anorihita content {table 3) and magnitude of
the negative Eu anomaly which is consistent with plagiaclase fractionation. The

rocks with the highest normative An-content are those with no or only slight

inegative) Eu anomaly.
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W. 5. A. E-Naggar, Petrogenesis of Gabal Ef Kahla Ring Camplax

Field evidence suggested that El Kahfa ring complex developad within
large trachytic volcano, remnants af such material are still preserved, This fact
would place seme limils as to the parental magma frem which the r1ing
structures developed during the collapse phase of the original volcano,
{cauldron subsidence).Taken this inte consideration l.e., assuming & trachytic
magma as & source material for the developmeant of the syenitic outer and inner
rings. Rare earth elements madeling calculations have been successfully used
for the derivation of granitic rocks by partial meting and/ar crystal fractionation
fram sources of Intermediate composition.

4 trachyandesite from the Afar Rift, Ethigpia, [ Barberi, et al., 1975), has
been chosen lo represant the REE composition of the parent magma, baoth
belonging to the Red Sea Rift system. The modal mineralagy of the
trachyandesite comprises 40% plagloclase, 40% K- feldspar, 15% hernblende,
3o biotite and 3% quartz. '

Using the Newpst program and fractiaral crystallization modal (where
the crystallizing phasas comprise 0% slagioclase and 10% hornblende. It was
found that the REE compasition of the outer ring structure was achieved at 48%
fractional erystallization whereas that the inner ring structure was achieved at
r3% erystal fractionation. The calculated medels along with the range af the
actual REE data of the outer and inner rings are shown in Figs. (36 and 37
}.The REE pattern of the source trachyandasite is shown for comparison. The
calculated REE compasition of residual solid iz calculated and its paitefn is
shown in Fig. (37).Such REE pattern is consistent with that of an alkaline
kasalt, This is consistent with the presence of a central gabbroic stock in El

Kahfa ring complax.

Geochemistry of U and Th.
Uranium and thorium conients Were determined cheamically in 14

samples The obtained resulls of the uranium and thorium a-nalg,-seé gs well as
Th/U ratios are shown in Table (3} Fram this table, the uranium content of
Gabal El Kahafa ring complex ranges fram 1.9 to 10.5 ppm with an average
5.14 ppm and thorium content ranging from S5.45 to 32.7 ppm with an average
of 17.5 ppm,. Which are cansistent with the average U and Th of the granitic
racks of Clark et al.{1986), and also compatible in the range of the acidic
intrusive rocks of Adams et al.{1958) and the silicic intrusive rocks of Rogers
and Adams{1967).

The geochemical behaviour of U and Th in the studied areas as
indicating by the U-Th variation diagram which shaws for the studied rocks

4
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indicate strong positive relations between the two elements due to magmatic
arigin @s shown in {Fig. 38].

Fig.{ 39) shows that the variation of Th!U raties versus U in  the studied
racks . It is clear from the figure that the decrease of Th/l! ratio is accompanied
with enrichment in U. Also, the behavior of U and Th with respect ta Rb is
shown in Figs. (40841), whare there is a good positive correlation batween U
and Rb which seams that U fallows Rb through magmatic fractionation. Also,
the behavior of Th raspect to Rb is shown in Fig. 141), shows posilive
correlation between tha two elements. This proves a close link between Rb. Th
and LU in the evolution of magmatic series whethar this evelution follows
magmatic. From the above It is clear that the U and Th contents are controlled
by the presence of some accessory minerals (zircon, allanite, apatite and iron
oxides) whereas iron oxide and hydroxides are know to adsorb U from

circulating fluids.
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