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ABSTRACT

Gabal hadayib includes two superimposed ring structures
composed essentially of alkali syenites and alkali quartz syeniies
intruding alkali trachyre masses which represent remmants of the
original volcanic cone. Gabal Um Risha is formed mainly of
various alkali syenites, but alkali granites form an incompiere
outer ring surrounding the syenites. Trachyies represent the
uplified paris of the old volcanic cone.

Syenites are composed of perthiric orthoclase, albiie,

- antiperthite, quariz, aegirine-arfvedsonite-riebeckite alieration

series, less commonly biotite and acmize. In the alkali granizes,
the amount of quariz increases, orthoclase and microcline are

essential constituents.

The resemblance of the major elmen: chemisiry and
distributionb of the minor elements, in the-two complexes, reveal
their common parenwage. The saruration of the rocks with silica,
alkalic.character and sodic tendencies are clear.

The general differention sequence of the rocks is found 10
be paraliel 10 their order of emplacement in the field which started
with the alkali rrachvies followed by the alkali syenites and
finally the alkali granizes. :

The rocks of the two complexes were formed through
differentiation processes from a liquid meli, and are believed 10
bave a deep crusial source of mixed material from the mantle.
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INTRODUCTION

Gabal Hadayib ring complexes lies at the intersection of latimde 23° 08 ' N,
and longitude 33° 33° E, whereas Um Risha ring complex is located at the
intersection of lattude 23° 18" N, and longimde 33° 18 ' E (Fig. 1).

These two ring complexes are among fifteen ones encountered in the Eastern
Desert of Egypt. They represent the northward continuation of the chain of ring
complexes that associate the East African rift system. '

El-Ramly and others ( 1969, 1970, 1971, 1979, 1982 & 1985 ), grouped
the Egyptian ring complexes into five groups on the basis of their magmatic
differentiation, and the degree of development of the ring nature and complexity of

the structure (Table 1).

These two ring complexes are included in the photogeological map scale 1 :
500,000 prepared by Hunting Geology and Geophysics (1967). On this map
Gabal Um Risha complex is shown as a mass of syntectonic to late tectonic granite
and granodiorite, whereas Gabal Hadayib complex is considered as a small stick of

younger granite.

El-Ramly et al. (1979) refered briefly to their geological setting and
perrography. The following field relations are based on this work (op. cit.).

Gabal Hadayib complex is intruded into metavolcanic rocks to its west and a
variety of granitoids 1o its north and east It includes two superimposed ring
structures. The southern structure is constructed of an outer ring ridge and a
conical central stock separated by a ring wadi. Both are coraposed of alkali syenite
and alkali quartz syenite. The northern soucture is formed of successive
incomplete ring ridges of alkali quartz syenite and alkali syenite covered in part by
alkaline trachyte porphyry with minor trachytes and pyroclastics which represent
remnants of the volcanic cone invaded and uplifted by the intruding syenites.

Gabal Um Risha is a relatively larger smucture, it is partly covered by Nubia
sandstone. The complex is built up of an outer ring of alkali granite enclosing a
mass of alkali syenite and alkali quartz syenite intruding remnants of the rachytic

volcanic cone.
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PETROGRAPHY

The syenites forming Gabal Hadayib and the central part of Gabal Um Risha
are differentiated petrographically according to the classification of Streckeisen
(1976) into two main types; alkali quartz syenites and alkali syenites (Fig. 3).
These two varieties are similar in thci; mineralogical composition, but differ only

in their model composition ( Table 2).

Alkali feldspares are essentially perthitc and antiperthite portray swring, vein
and braided varieties. Tt is clear that perthitization began from the peripheries. the
boundaries between the perthite crystals are irregular and develop secondary albite
intergrowths may show reaction zones on these boundaries. One phase of perthite
may be observed to protrude the other. Antperthite is usually fractured, with
secondary albite growing on its expense. Secondary quartz may also attach the
prepheries of the perthitized feldspars.

Mafic minerals are represented mainly by aegirine, arfvedsonite and
riebeckitic arfvedsonite. Aegirine is generally altered to arfvedsonite and this
alterarion may continue to the development of niebeckite, thus forming the
inseperable aegirine-arfvedsonite-riebeckite alteration series. It is strongly
pleochroic in shades of deep grass green to brownish green with the most common
formula X =emerald green, Y = grass green and Z =brownish green. Alkali
small feldspar crystals are sometimes included in the aegrine.

Arfvedsonite subhedral comroded crystals are strongly pleochroic with
the X = Bluish green, Y = yellowish brown and Z = greenish yellow.

Brown biotite occurs as coarse flakes enclosing fine crystals of alkali
feldspar. It was noticed that biotite-bearing syenites are localized in the
surroundings of the ring dyke encountered in the southern part of the complex.

Accessories include opague minerals, sphene, apatite and zircon.

Trachytes, In Gabal Hadayib and Gabal Um Risha are differendated into
alkali quartz rachytes and alkali trachytes. With the increase of quartz in these
trachytes the rocks loose their trachytic texture and orthoclase becomes more

granular.
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The megacrysts in the porphyritic varieties are represented essentially by
kaolinized perthitic orthoclase, and antiperthitic oligoclase. Aegirine-augite rimmed

with aegirine may form megacrysts in some of these trachytes.

Thé groundmass is formed mainly of orthoclase laths, clear irregular quartz
grains, and aegirine-augite and aegirine. These alkali pyroxenes are generally
altered to arfvedsonite which in turn alters to riebeckitic arfvedsonite and

uncommonly toriebeckite.

The alkali granites forming the peripheral parts of Gabal Um Risha complex
are pink, medium grained rocks, their average model composition (Table 3) is
60.6% alkali feldspars, 26.7% quartz, 1.6% plagioclase, 7.4% alkali pyroxenes
and amphiboles, and 3.3% opaques and accessories.

The alkali feldspars are represented mainly bykaolinized perthitic orthoclase.
Microcline forms subhedral to anhedral crystals, and perthitic microcline protrudes
antiperthite. Secondary albite grows in the reaction zone on the peripheries of

perthite and antiperthite.

Plagioclase is represented by oligoclase, it is corroded by quartz, alkali
feldspar and aegirine.

Quanz is either primary or secondary, the latter protrudes perthite with
reaction rims along the contacts. Graphic quartz with string perthite is common.

Aegirine is strongly pleochroic with X = deep green, Y = grass green, and
Z = brownish green. It has a small extinction angle ( 0° - 5° ). Some aegirine
crystals enclose arfvedsonite. Acmite is reddish brown, it grows generally with
aegrine, and is weakely 10 nonpleochroic.

Arfvedsonite is pleochroic with X = greenish blue, Y = greyish violet, Z =
blue grey. The corroded borders of arfvedsonite crystals are attacked by quartz and
perthite.

Riebeckite forms small prismatic crystals embedded in aegirine-arfvedsonite
large crystals.
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Teared vellowish brown biotite flakes, enclosing zircon inclusions, are

observed in one sample only.

Accessories are apatite, zircon and opaque minerals including magnetite,

ilmenite and less commonly hematite.
PETROCHEMISTRY

The results of analyses of twelve samples from Gabal Hadayib (Table 4) and
fifteen samples from Gabal Um Risha (Table 5) representing the different rocks
varieties show clearly that the rocks of the two ring complexes are to a certain
extent comparable with the averages of Egyptian syenites, but are more sodic than
the World averages. Their sodic character is expressed in the common presence of
sodic plagioclase, pyroxenes and amphiboles in their model composition. The high
contents of iron oxide and titania express the fair amount of opaques and

accessories recorded in the studied thin sections.

The normative minerals of the rocks forming the two comipexes (Table 6
and 7) as calculated using the modified method adopied by Hutchison (1974)
compared with the World averages, indicating their sodic character.

Normative qualities are generally higher than that of the World averages and
it is higher in the ricks of Um Risha relatve to those of Hadayib. This is in
accordance with the modal composition of these rocks. The appearance of
corundum in the norm of most rocks indicates their enrichment in alumina.

Niggli values for the rocks of the two complexes (Tables 8 & 9), show that
all values are higher than alk, followed by fm and finnaly c, indicating the general

alkaline affinity of these rocks.
Petrochemical Relations of the Major Elements :

The plots of the Hadayib and Um Risha rocks on the FAM ternary digram
(Fig. 5) show a certain correspondance with those of Gabal El Abyad complex
(Baker et al., 1973) and Zukur-Hanish alkali series (Gase et al., 1973), but they

have a more alkalic tendency.
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On the K50 - NayO - CaO diagram, the studied rocks (Fig. 6) show more

sodic affinities than potassic. Sodium and calcium contents can be refered mainly
1o the alkali pyroxenes-and amphiboles encountered in the rocks and observed
clearly in their modal composition (Table 2 and 3) and explains the disposition of
the plots in the plagioclase Or - An - Ab diagram diagram (Fig. 7). The boundary
curve E - F on this diagram represents the trace of the two feldspar surface located
by James and Hamilton (1969) on the quaternary system CaAl,Si»Og - KAlISizOg
Si0,, for liquids saturated with water at 1000 bar confining pressure. The plots

are close to the Or-Ab side line bevond the terminal end of the boundary curve at
which resorption rather than co-precipitation occurs (Tuttle and Bowen 1958, p.

133 - 134).

The plots of the samples on the SiO, - NaAlSizOg - KAISi3Og (normative
Qz - Ab - Or) diagram (Fig. 8), lie mostly on the temperature vally ( Tuttle and
Bowen, 1958) in the sodic side and the samples with relatively high percent of
model potash feldspar and minor amounts of alkali pyroxenes and ampniboles iie
on the potash feldspar side. It is also noticed clearly that all samples lie far from the
Si0, corner under the seperating line towards the Ab - Or side line. This indicates

the crystallization of these rocks through differentiation processes from a liquid

melt.

On Fig. (9), the silica rich rocks are to a cerrain extent comparable with the
different complexes portrayed on the diagram particularly the volcanics of the
Ethiopian plateau (Mohr, 1971), Hanish-Zukur (Gase et al., 1973), and Gabal El
Abyad complex (Baker et al., 1973).

The plots of the Niggli values al against fm of the smdied rocks (Fig 10) are
located in the area of the salic-magma according to Niggli's classificalion (Burri,
1959). The plots of the values alk. vs. al on the diagram after Burri (1964 p. §4)
(Fig. 11) show that Hadayib rocks are enriched in alkalies relative to those of Um

Risha.
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Petrochemical Characters of Minor Elements :

Seven representative samples from each complex were analysed for Zr, Y,
St, Rb, Ba, Nb, Be and La. The results are shown in Table 10 and 11.

The average Zr content of Gabal Hadayib is not far above the 500 ppm value
reported by Turekian and Wedepohl (1961) but for the rocks of Gabal Um Risha it
is much less. On the other hand, these averages arz very low compared with that
given by El-Reedy and El-Sokkary (1982) which iz 864 ppm. These two authors
(op. cit.) atributed the high Zr content in twir samples to an additonal
independant mineral source for Zr, such as zircon, beside its presence in the
structure of other minerals. Gabal Hadayib and Gabal Um Risha rocks plot close
and on either side of the Zr limit of 550 ppm. separating the peralkaline from the
albitized non-peralkline rocks defined by Bowden and Turner (1974).

The contents of the two lithophilic slements Zr and Nb in these two
complexes increase with the increase in the modified differentation index (Fig.
12) and this is i accordance with the process of magmatic differentiation of metals
enriched in alkalies, which first give rise to riaskitdc syenites and then to agpaitic
rocks enriched in volatiles ( F, Cl, ..... etc.) and trace elements (Gerasirovsky et

al., 1966 snd Varet, 1964).

The rocks of Gabal Hadayib and Um Risha complexes are generally
miaskitic -Na + K < Al) and according o Gerasimovsky (1974), Zr in miaskitic
syenites is bound in zircon and in the rock-forming rainerals containing Ti.

Taylor (1963) quoted Ringwood (1955) finding thar the high content of
volatiles in the last stages of alkali magma differentiarion leads to a decrease in
polymerization of the magma and the subsequent concentration of elements such as
Zr, Nb, Ta, Hf and the rare earthes and other complex-forming eiements of high
ionic potantial. The coherent relation of Zr and Nb can be noticed in the variation
diagram (Fig. 12) where an increase in Nb with Zr is observed.

The high content of Nb (Table 10 & 11) in the samples compared with the
average Nb content in igneous rocks (28 ppm) and that of E1 Reedy and E1
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Sokkary (1982) which is 122 ppm, confirms the alkali magmatic origin of these

tocks. .

The averages of Y in the rwo complexes (Tables 10 & 11) are higher than
that reported by Turekian and Wedepohl (1961) for syenites which is 20 ppm,
but they are far below the average of 74 ppm given by El Reedy and El Sokkary.

Y. in these two complexes tends to increase with the increase in the D. L
{Fig. 12). Alexiev (1970) believed that the increase in heavy rare earth elements
(e.g. Y) is connected with trace elements overprinting of a magmatic complex by
post-magmatic solutions enriched in rare earths together with Nb, Sr, Zr,
Rb ... etc. Indeed Alexiev (op. cit.) postulated that there is a direct correlation
between the degree of albitization and the rare earth abundance patterns. Y has the

tendency 1o replace Ca’™ during magmatic differentiation. It is expected o be
. captured in early Caposition. In the miaskitic syenites the R. E. E. concentrations
are in Ca-bearing minerals namely apatite, titanite ........ etc. {(Gerasimovsky

1974).

The average La contents (‘ Table 10 & 11) are in harmony with that of

Turkish and Wedepohl (1961) for syenites.

No independant minerals are known for Ba, Rb and Sr elements in the
saturated alkaline rocks. Their geochemistry is thus related to the rock-forming’
minerals. St accompanies Ca and is depleted with porgressive differentiation (Fig.
12). The inter-replacement between Ba and K is stronger than that between Ba and
Ca. In the studied rocks Ba shows an increase with differentiation (Fig. 14). Rb
substitutes K isomorphously in its minerals such as K-feldspars and increases with

differendation (Fig 12).

Sr content in Gabal Hadayib rocks (Table 10) is very low if compared with
that reported by Turekian and Wedepohl (1961) for syenites and is still lower than
the average of some Egyptian syenites given by El Reedy and El Sokkary (1982).

In Gabal Um Risha Sr is also very low (Table 11).
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Sr content in these miaskitic rocks may be used as a geochemical indicator

for their origin, where rocks having low Sr content might be considered as

products of palingensis ( Gerasimovsky, 1974).

' Rb content in Gabal Hadayib rocks is lower than the averages shown on
Table 10, while that of Gabal Um Risha is very low (Table 11). Taylor (1965)
defined the limits for normal K/Rb ratic to be 150 - 300 with an average of 230 for
crustal rocks. The high X / Rb ratios of the present rocks (Table 10 & 11) indicate

deep crusial source of mixed material from the mantle near a continental margin.

Rb / Sr ratios in Gabal Hadayib rocks ranges between 0.74 and 1.85 which
places them in a zone of formation between the zone of continental granophyre and
the zone of Red Sea granophyre (Coleman and Peterman, 1975). In the rocks of
Gabai Um Risha this ratio ranges berween 0.41 and 0.85 thus placing them in the

zone of continental granophyre {Coleman and Peterman cp. cit.).

Ba in both complexes increase with the increase in the differentiation index
(Fig. 12).

Be substitutes Si and Al isomorphousiy in the minerals. It is enriched in the
feldspars relatdve to the ferromagnesian minerals. In the two complexes Be

decreases with the increase in the D. 1. (Fig. 12) and it is essentially concentrated

in the quarrz-bearing varieties (Table 10 & 11).
DISCUSSION

The two ring complexes of Gabal Hadayib and Gabal Um Risha are similar
to Gabal Mansouri complex (El Ramly and Hussein, 1982), in the variety of rock
types they include and their structural setup.

The episode of alkaline magmatism in Egypt lasted for a long Iaﬁse of time
from the Cambrian to the Upper Cretacecus (Serencsits et al., 1979). Ltz (1979)
was the. first to suggest that this magmatism was episodic and that a period of 52
Ma separates each episode from the next. The youngest episode dates back to 38
Ma age, this is the age of the most recent complex in Uweinat area, and the age of
the first or oldest in 544 Ma during which the complex of Wadi Did was emplaced.
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Accordingly, eleven inmusive cycles are predicted, six of which have been already
recorded in Egyps, the others are not known as yet either because of the lack of age
dating for all known ring complexes in Egypt or because they were formed but do
not crop out on the present day surface of erosion. Unfortunately, the two studied
ring complexes are among those which have not yet been deted, but the great
sinilarity in the rock types forming them with those of Gabal Zargat Naam and the
two Tarbties which zavs Lge of 404 and 341 Ma respectively, the age of the fourth
and fifth alkaline magmatic cycles, may suggest that these two complexes were

emplaced during one or the other of these two cycles.

The Egyptian ring complexes including the two smdied ones are distributed
along lineaments paralle] to the two trends N30W and ENE (El Ramly et. al,,
1971). Thus, Gabal Hadayib and Gabal Um Risha together with Gabal Zargat
Naam lic on an ENE line, and with Gabal El Gezira and Gabal Mansouri lie on 2
line trending NNW.

Garson and Krs (1976) suggested that the distribution of the ring complexes
in Egyptis controlled by these rwo trends; the first (N60E) represent crustal block
faults and shear zones, where the second (N30 W) represent deep-seated tectonic

zones related to the opening of the red sea.

In a more recent publication de Gruyter and Vogel (1981) agreed with the
idea of Garson and Krs (op. cit.) that the Egyptian ring complexes are intimately
associated with major lineaments in the Nubian Shield and postuiated that all of
them had a similar origin not directly related to rifting and/or doming; an idea was
previously emphasized by EI Ramly et al., (1971) The alkaline melts which gave
rise to these complexes are believed by de Gryter and Vogel (1981) ro have been
formed in the asthenosphere by shear heating caused by changes in plate moticn.
In support 10 this idea they mentioned that the ages of these alkaline compiexes
appear to be synchronous with changes of plate motion. The magrna thus produced
were emplaced along reactivated Pan-African fractures or pre-existing zones of

weakness.

The two ring complexes are to a great extent geochemically similar, and this
may indicate the common parentage of these rocks. Their saturation with silica,

alkalic character and sodic tendencies are clear.
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Table (1) : Types of Ring Complexes

WIDE RANGE OF ROCK TYPES.

LIMITED RANGE OF ROCK TYPES

Lithology
STRUCTURE With Ne Without Ne With Ne Without Ne
I. ABU KHRUQ TYPE IL CEZIRA TYPE
Well Defined Ring . 1. Abu Khruq 1.El-Gezira
Nature 2. El-Naga :
3.El-Kahfa
4. Nigrub
Poorly Defined Ring . MISHBEH TYPE IV MANSOURI
Nature
1. Mishbeh 1 Nansouri
2. Wadi Dib 2. Hadayib
3. Umn Risha
Ring Dykes V.TARBTIE TYPE

1. Tarbtie South
2. Tarbtie North
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Table (2) : Modal Analysis of the rocks forming Gabal Hadayib Ring complex.

Rocke Name Alkali Quartz  Alkali Syenite  Alkali Quartz  AlkaliTrachyte

(Number of samples)  Syenite (6) Gy} Trachyte (1) ¢y
Alkalifeldspars 71-88 88-94 81 79
Plagioclases 0- 3 0- 5 2 -
Quartz 5- 8 1- 2 12 5
Mafics 1-20 3-7 2 13
Opaques . 1- 6 1- 7 3 3
Accessories - 0-1 0-1 - -
Color Index 7-24 5-10 5 16

'Ii'able {3) : Modal Analysis of the rocks forming Gabal Um Risha Ring complex.

Rocke Name Alkali Q Alkali Quartz  Alkali AlkaliQuartz  Alkali
Granite Syenite Syenite  Trachyte Trachyte
(Number of samples) 0 @ (3) (2) (1
Alkalifeldspars 57-65 76 - 87 83-89 72-80 74
Plagiociase 0- 4 0 0 0- 4 0
Quartz E 20-30 5- 9 2-3 8-14 2
Mafics 6-13 5-10 6-12 0- 2 22
Opaques 1- 7 2- 4 2 7-10 2
Accessories 0-1 1 0-1 1- 2 0
Color Index 7-17 8-15 9-14 10-12 24
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Table (4) : Z&.?. element contents ( Wt. % ) of Gabal Hadayib rocks

Average World irachytes { Le Maitre, 1976 ).

Rock . Alkali Alkali
Alkali Quartz Syénite Alkali Syenite Quanz 1 I I v A%
Type : Trachyte  Trachyte _ v
Sample No. 421 425 479 413 431 453 279 420 428 413 419 417
5i0, 6444 66.11 71.20 63.01 6530 64.39 6433 6546 6428 64.33 65.60 63.11 6297 5858 61.86 6270 6121
TiO, 030 012 005 047 017 048 056 073 068 052 0.62 0.60 054 084 0.58 0.50 0.70
AlL0q 1526 1628 14.24 1665 1675 1628 1603 1624 16.56 16.05 16.36 16.64 1543 1664 16.9) 1569 1696
?\No.u 276 181 328 232 515 2136 178 473 251 206 149 2.82 413 3.04 232 4.12 299
Fe O 401 127 042 441 039 255 1.61 112 334 1.64 3.15 4.04 265 313 2.63 307 229
Mn O 006 004 073 009 004 - - 0.04 0.09 - 0.06 0.07 017 013 0.11 0.16 0.15
Mg O 174 044 022 115 022 089 090 022 022 066 0.09 0.53 073 187 0.96 1.20 0.93
CaO 1857 123 092 129 062 123 223 123 123 1.54 1.85 0.62 164 353 2.54 2.24 2.34
Na,0 518 582 554 687 493 635 647 554 566 152 5.58 6.53 600 524 5.46 5.70 547
K0 340 458 282 232 494 410 458 336 406 4.10 "3.54 3.40 455 495 591 4.10 4.98
Py04 021 044 025 030 044 019 009 002 035 028 0.35 0.35 011 029 0.19 0.13 0.21
mmo+ 031 133 009 0.8 041 066 093 08 077 080 0.91 0.98 - 0.99 0.53 - 1.15
. ¢
HyO" 020 022 010 011 022 009 009 020 009 013 0.18 0.13 - 0.23 - - 0477
co, 0.28 0.09
DI 1048 12.59 12.63 10.18 1370 1201 1168 11.97 1237 1191 11.78 11.88
, DI : Differentiation Index { 1/3Si+ X )- (Ca + Mg ), (Nockolds. and Allen, 1953 ).

I : Average Egyptian syenites ( Aly and Mostafa, 1984 ).

11 : Average World syenites ( Le Maitre, 1976).

I : Average alkali syenites ( Nockolds, 1954 ),

v ¢ Average Egyptian trachytes ( Aly and Mostafa, 1984 ).

v :
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Table (5): Major Flement contents ( Wit % ) of Gabal Um Risha rocks.

Rock Alkali Alkali Alkall
Alkali Granite Quartz Alkali Syenite Quarlz
Type Syenite Trachyte Trachyte
1! 1 v v VI v

Sample No. 313 596 608 618 619 629 665 624 631 615 666 675 616 671 632

$i0, 69.36 7&.33 7000 68.73 63.55 69.71 69.01 6091 6459 6371 63.41 66.58% 68.66 68,57 6033 62.97 5858 6186 7531 7484 6270 6121
TiOy 028 027 032 027 078 0I5 054 188 201 060 038 0.88 0.68 027 1.66 0.54 0.84 0.58 030 0.07 0.50 070
AlyOy 1520 1123 1220 1541 1642 1415 1320 13.05 1356 1575 1530 159 13.43 1269 1403 15.43 16.64 16.91 11.98 1.24 15.69 16.96
Tey04 391 376 475 397 470 273 433 253 345 354 3.00 1.82 4.87 512 250 A1) 3.04 232 2.03 1.06 4.12 299
FeO 133 035 244 127 115 097 121 625 589 2.00 1.00 1.88 0.42 110 5.52 265 3.13 2.6 248 127 3.07 229
MnO - 013 016 011 004 0095 010 013 010 0.08 0.18 0.15 0.21 007 0.08 017 0.13 0.1 Q.08 002 0.16 0.15
MgO 087 036 044 023 131 174 094 087 044 0.98 022 113 0.68 022 2.18 0.73 1.87 0.96 0.21 on 120 093
Ca0 092 160 121 102 223 092 216 484 123 203 1.32 3.08 121 3.02 302 164 3.53 259 0.80 054 2.24 2.34
Nay0 346 459 435 387 431 373 477 554 58 6.87 5.52 4.44 5.18 402 6.07 6.00 524 5.46 3.89 429 570 547
K0 311 441 354 408 192 495 236 270 M 3.58 in 13 348 n 3.07 4.55 4.95 591 413 428 4.10 498
Py0¢ 046 018 009 018 041 023 039 014 Q18 023 032 012 0.16 0.14 039 o.ti 0.29 019 007 0.01 0.13 0.2t
,0* 064 033 029 033 035 035 066 042 039 028 026 0.50 02 031 029 099 053 0.03 115
Hy0” 020 017 Ot 011 010 013 018 038 0.10 0.09 0.02 0.11 0.1 0.11 0.08 0.23 0.04 047
D.1 1222 1354 1271 1330 1076 1325 1059 7.74 1082 1085 12.67 10.14 1088 146 8.0

Dl

gs<zER"

+ Differentistion Index ( 173 Si + K ) - (Ca + Mg ), (Nockolds, and Allen, 1953 ).

+ Average Egyptlan syenites ( Aly and Mostafa, 1984 ).
1 Average World syenites { Le Maitre, 1976),

: Average alkali syenites ( Nockolds, 1954 ).

+ Average Egyptian trachytes ( Aly and Mostafa, 1984 ).
¢ Average World trachytes ( Le Maiwre, 1976).
¢+ Average Egypti

: Average world trachytes ( Le Maiue, 1976).

n

Aly an

A4 M

Y

fa, 1984 ).
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Table (6) : CIPW nonn values of Gabal Hadayib rocks.

Rock Alkali Alkali

Alkali Quartz Syeunite Alkali Sycuite Quartz [ I} 1l v A
Type Trachyte  Truchyte )
Sample No. 421 425 479 413 431 453 279 420 428 473 419 417
[¢] 1334 1203 2674 800 1688 727 517 1719 12.80 2.83 14.90 9.49 670 0.83 1.85 739 5.0
C 041 031 112 122 3.06 133 173 1.02 2.14
Or 2004 2728 1670 13.92 2950 2449 2728 2004 2394 2449 2115 20.04 2202 2929 34.96 24.22 2041
Ab 4405 4930 46.67 5821 4196 54.02 S54.54 4667 4172 5979 47.20 55.08 54.15 4434 46.15 5118 46.26
Am 723 334 278 417 028 362 L1 529 334 6.40 0.28 174 1.24 4.13 5.12 7.03
Ac 3.24
En 0.35 1.83
Fs 0.13 0.82
Di 1.37 5.76 479 4.57 5.35 5.94 4.12 214
Wo 0.81
Hy 907 190 0.60 832 060 3353 060  3.64 0.67 3.90 540 4.16 143 2.06
Mt 394 255 347 347 116 347 255 185 371 1.37 2.09 4.17 434 441 3.36 4.31 4.33
i 061 031 035 091 031 091 106 137 137 1.06 122 122 0.76 1.60 1.10 0.70 1.34
Hin 0.96 4.31 3.5
Ap 0.67 101 0.67 067 101 034 037 034 1.0y 0.67 1.0L 1,01 023 070 045 0.27 0.49
Ce 0.64 0.20
LI T, TV, V, same as in table 4.
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Table (7) : CIPW norm values of Gabal Um Risha rocks.

Rock Alkali Alkali Alkali
Alkali Granite Quartz Alkali Syenite Quartz

Type Trachyte Trachyte Trachyte

n m v v vi vn
Sample No. 313 597 608 618 619 629 5 624 631 615 666 675 616 67 612
Q 3347 2794 2842 2830 1761 252¢ 2740 853 2019 643 19.17 19.59 2253 2638 445 6.70 0.8 1.85 3251 3505 139 5.00
c 551 306 194 VI 0.51 0.41 .
Or 1837 2616 2115 2449 2138 2950 1392 1644 1392 2115 2227 19.48 2004 2171 1837 2702 2929 3496 2478 2529 2422 2941
Ab 237 3304 3723 3552 3871 3147 4038 4667 4405 5821 4667 31.76 4405 1409 5137 5415 4434 4615 3548 3398 SLI18 4626
An 1.67 306 417 835 250 179 278 529 167 473 13.91 334 5.84 195 174 724 413 0.58 512 7.05
Ac 5.08 1
En 035 1.88
Fs 0.13 0.32
Di 195 177 0.43 16.90 498 1.30 0.44 1.52 130 852 457 535 594 239 102 412 234
Wo o, 1.97 023 219 1.03
1y 221 053 060 331 432 211 585 0.0 3.76 1.00 6.34 4.16 143 0.85 2.06
M 147 162 695 394 162 301 208 370 509 486 278 278 0.23 3.01 47 434 4.41 136 2.16 0.98 431 433
n 061 046 061 046 152 030 137 364 .379 121 0.76 167 12 046 3.19 0.76 1.60 1.10 0.42 0.13 0.70 134
Hem 160 096 128 351 064 287 0.16 112 419 3.04
Ap- 101 034 034 034 101 067 100 034 034 067 0.67 03 0.34 034 1.0t 023 070 045 0.15 0.02 027 049
Ce 0.64 0.20
1T, ML IV, V, VI, VIT, same as in table 5.
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Table (8) : Niggli values of Gabal Hadayib rocks.

Rock _ Alkali Atkali

Alkali Quartz Syenite Alkali Syenite Quartz :
Type Trachyte Trachyte
Sample No. 421 425 479 413 431 453 420 428 419 417 1) v v
al 34 42 M4 37 43 39 41 40 42 39 33.09 3377 37.51
fm 3 14 19 27 20 21 21 21 17 25 26.33 21.73 2130
c g8 6 5 5 3 5 6 6 8 3 1276 877 940
alk 217 38 .35 31 34 35 32’ 33 33 33 27.82 2973 . 31.80
si 246 292 394 238 282 257 280 264 282 249 19776 22903 229.74
k 0.300 0343 0.252 0.184 0399 0299 0320 0.288 0.321 0297 0.255 038 032 0.37
mg 0.321 0212 0.094 0240 0.078 0250 0333 0.072 0.070 0258 0.031 0.123 03 024 0.24
@ 40 109 14 46 17 2 50 10.09

2.55

L1, 1, 1V, V, same as in table 4,
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Table (9) : Niggli values of Gabal Um Risha rocks.

Rock Alkali Alkali Alkali

Alkali Granite Quartz Alkali Syenile Quartz
Type Trachyte Trachyle Trachyte

4 I v VI

Sample No. 313 597 -608 618 619 629 665 624 631 615 656 675 616 671 632
al 43 34 34 43 38 39 35 27 33 36 41 39 37 34 29 34.81 33.09 36.71 3377
R 26 20 30 22 26 26 26 30 34 22 17 21 24 23 34 25.09 2633 233 21713
c 5 9 6 5 9 4 11 18 6 8 7 14 6 15 11 6.73 12.76 4.83 8.77
alk 26 37 30 3 2z 31 28 25 27 34 35 26 33 28 26 3337 27.82 36.07 2973
si 335 369 325 326 251 322 314 214 267 243 313 274 316 309 204 241.06 19776 424.14 229.03
k 0371 0388 0349 0415 0375 0470 0.245 0.246 0.229 0.255 0310 0327 0.300 0375 0.252 0.330 0.380 0410 0320
my 0242 0.134 0103 0.079 0306 0467 0242 0.154 0.080 0.247 098 0.338 0.193 0.070 0.321 0170 0.360 0.080 0.240
LTI, 1V, VI, same as in wlbe §
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alant ~dac ~1~

1o (10) . Dismibution of Minor Blements { oo Yo therocks of Gabal Hoday?
1- Typ; Alxaj f)ua_rL Svenite Alkali Svenite Alkali Average
Trachyte Syenites
pleNo. 421 413 431 453 279 420 417 1 1
622 840 513 500 . 430 396 560 500 864
32 51 41 19 18 28 49 20 74
110 60 51 51 41 51 70 200 110
93 111 &7 92 70 45 81 110 99
631 731 1100 3510 400 680 815 1600 339
205 160 140 100 a2 119 171 82
&l £2 73 a2 36 23 4.0
67 91 82 43 63 56 101 70
/Rb 303 174 612 370 543 620 348
5/ 8r 085 185 074 1.80 1.74 074 1.16

Average syenites after Tureldan and wedepohl, 1961.

Average of 10 samples of Egyptian alkaline syenites from the ring complexes of Gabal
Tarbx, Gabal Nigrib El Tahtani and Gabal El Gezira, after El Reedy and El Sokkary,

1982
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Table 11. Distribution of Minor Elements ( ppm ) in the Rocks or Gabal Um Risha

Alkali  Alkali Alkali  Alkali  Average
Rock Type Granite Quartz Alkali Syenite Quartz

Syenite Trachyte Trachyte  Syenites
Sample No. 618 631 615 666 675 616 - 632 I 11
Zr 81 720 230 113 199 650 640 500 864
Y 21 41 22 62 17 39 49 20 74
Sr 75 65 56 76 60 41 68 200 110
Rb 31 42 29 35 30 35 39 110 99
Ba . 641 913 480 303 400 870 790 1600 339
Nb it o 193 38 17 120 182 206 83
Be 2.2 5.6 1.2 6.6 1.8 5.2 4.8
La 15 113 65 75 72 97 117 70
K/Rb . 1119 457 1024 883 920 814 654
Rb/Sr 0.41 0.65 .O.mw (.46 0.50 (.85 0.57

L ><o§mn syenites after Turekian and Wedepohl, 1961,

IL. Average of 10 samples of Egyptian alkaline syenites from the rin g complexes of Gabal Tarbti, Gabal
Nigrib El-Tahtani and Gabal El Gezira, after El Reedy and El Sokkary, 1982.
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" 1- Hawaiian atkalic s=ries (Macdonald and katsura, 1964}):
7- Zukur-Hanish atkalic sefies {Gass et al., 1873}.
3 - Gabal El Abyad complex { Baker et. al., 1973).

Fig, 5. FAM ternary dicgram for Gabal Hadayib
and Gabal Um Risha
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Fig. 6. KZO-NaZO-CaO ternary diagram tor Gabal
Hadayib and Gabal Um Risha.
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'Curve E-F atter James and Hamifon, 1969 .

Fig. 7. Normative Or-An- Ab ternary diagram
tor Gaba! Hadayib and Gabal Um Risha.

Fig. 8, Ternary diagram of the system S5i0;-
Na Al SizCg - KAl 53308 tor Gabal Hadayib
and Gabal Um Risha rocks.
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4L - Gabal El- Abyad tomplex (Baker et.al., 1973)-
Fig. 8. Si0y vs total alkalies plot tor Gabal

Hadayib and Gaobal Um Risha
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