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ABSTRACT

Gabal Delihimmi (140 km?), Gabal Abu Tiyur (30 km?) and Gabal Um Shaddad (17 km?) are three granitic masses located
in the central Eastern Desert of Egypt, intruding older metavolcanics, granodiorite and metasediments. These three granitic
masses were studied geochemically for petrogenetic modeling.

The modal mineralogic analysis shows that Gabal Delihimmi granites are composed of orthoclase perthites, quartz, pla-
gioclase and biotites, whereas Gabal Abu Tiyur and Gabal Um Shaddad granites are composed of microcline perthites, quartz,
plagioclase and minor biotites.

Fractional crystallization and mass balance modeling for the younger granites of Gabal Delihimmi granite, Gabal Um
Shaddad granite and Gabal Abu Tiyur indicate their derivation from the parent mafic magma granodiorite, through fractional
crystallization of plagioclase, hornblende, orthoclase, biotite, quartz and apatite with residual liquid ranging from 0.00% to
0.13%. The relatively small value Y R2 (0.001) indicates a good fit of the resulting model.

Using REE petrogenetic modeling, Gabal Delihimmi granite can be produced from 40% non-modal partial melting for
the bulk continental source materials followed by 35% crystal fractionation whereas Gabal Abu Tiyur (type 1) and Gabal Um
Shaddad granites can be produced from 30% non-modal partial melting for the upper continental source materials followed by
40% crystal fractionation. On the other hand, Gabal Abu Tiyur granite (type 2) can be produced from granitic source materials
by 50% modal partial melting followed by 60% crystal fractionation.

The tetrad effect was a feature of the magma-fluid system before magmatic crystallization or that the tetrad effect in the

whole rock samples was inherited from an external fluid during or after the emplacement of the magma.

INTRODUCTION

The Egyptian basement rocks comprise a
wide variety of gneisses, dismembered ophiol-
ites, island arc metavolcanics, metasediments,
metagabbros and unmetamorphosed volcanics,
and extensively intruded by various types of
granitoid plutons (El-Gaby et al., 1988; Has-
san and Hashad, 1990). The Egyptian granitoids
were classified according to their color into gray,
red and pink; to their type locality into Shaitian
and Gattarian; to their relative age into older and
younger, to their relation to orogeny into syn-,
late- and post-orogenic; and to their tectonic
setting into subduction-related (G1), suture and
crustal thickening (G2) and intraplate anorogen-
ic (G3) (Hussein et al., 1982).

The studied areas were extensively studied by
Sabet (1961), Ries et al. (1983), El-Alfy (1992),
Ragab et al., (1993), Hamimi (1996), Khudeir et
al., (1995), Mohamed (2001), Mohamed et al.,
(2001), Abd El-Wahed et al., (2002), El-Husse-
iny (2003) and Abd EI-Wahed et al., (2004).

Rare earth elements modeling calculations
have been used successfully in the study of the

petrogenesis and origin of basaltic rocks which
may have been derived by partial melting of
upper mantle source materials and modified by
differentiation or reaction with the crust. On the
other hand, granitic rocks may have been derived
by partial melting of the mantle, or the subduct-
ed oceanic crust or lower continental crust. The
melt may be modified by differentiation, mixing
with other melts, or reaction with crustal rocks
of various compositions during its ascent over a
wide range of P, T and pH conditions.

The present study deals mainly with the
chemical modeling of Gabal Delihimmi, Ga-
bal Um Shaddad and Gabal Abu Tiyur granitic
masses located in the Central Eastern Desert of

Egypt.
GEOLOGIC SETTING

The studied granites are located between
Longitudes 34° 07" and 34" 26" E and Latitudes
25" 36" and 25 49" N. Gabal Delihimmi gran-
ite represents an oval-shaped pluton that covers
about 140 km? (Fig.1) and exhibits low to mod-
erate relief (528 m.a.s.l.). This granite exhibits
exfoliation and spheroidal weathering. It enclos-
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es a large number of granodioritic xenoliths near
the contact. It is highly jointed with close spac-
ing and cut by dyke swarms. The pluton shows
sharp intrusive contacts with the older country
rocks as serpentinites, metagabbros, metavolca-
nics and metasediments.

Gabal Abu Tiyur granite is an elongated plu-
ton, located in the western part of the study area
and covering about 30 km? It shows high re-
lief (1099 m.a.s.l.) and composed of medium to
coarse grained granitic rocks. The contacts with
the metavolcanics and metasediments are sharp.
The pluton exhibits exfoliation weathering.

Gabal Um Shaddad granite is pink to red co-
lour (775 m.a.s.l.), located in the southern part
of the study area covering about 17 km? and
forming an irregular intrusion. It intrudes the
surrounding metasediments with sharp intrusive
contacts.

MODAL ANALYSIS CHARACTERISTICS

Gabal Delihimmi granite is medium-, to
coarse-grained rocks composed essentially of
quartz (~42%), K-feldspars (~35%), plagioclase
(~15%), biotite (~6%) as well as accessories
(~0.8%), while Gabal Abu Tiyur granite is me-
dium to coarse grained and composed mainly
of K-feldspars (~63%), quartz (~33%), plagio-
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Fig. (1): Geological map of the studied granitic masses (Mohamed, 2001)

clase (~2%) with minor biotite (~1%). Zircon
and opaques represent the accessory minerals
(~0.4%). Gabal Um Shaddad granite is medium
to coarse grained and consists mainly of K-
feldspar (~56%), quartz (~37%) and plagioclase
(~3%) with minor biotite (~1%). Accessories
(~1%) are zircon and opaques (~1.5%). It dis-
plays equigranular texture with quartz and per-
thite phenocrysts.

GEOCHEMISTRY

The geochemistry of the studied area is fo-
cused mainly on the granodiorite and the young-
er granite of Gabal Delihimmi, Gabal Abu Tiyur
and Gabal Um Shaddad masses to clarify their
geochemical characteristics and genetic rela-
tions. The analyses Data of the analyzed sam-
ples are from Mohamed, (2001) that were car-
ried out by the wet chemistry method in NMA
Laboratories, (Table 1) and Abdel Wahid et al.,
(2004), that were carried out by the ICP-MS in
the ACME Labs., Vancouver, Canada, (Table 2).

FRACTIONATION MODELLING

Mass balance has been an important tool for
petrological and geochemical studies, such as
mineral reactions, trace element distribution,
fusion, crystallization and mixing (Albaréde,
1995). GLG-Modes program is one of the mass
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Table (1): Major oxides (Wt %) of the studied granodiorites, (Mohamed, 2001).

S. No. 63 65 93 94 95 108 112 113 168
Sio, 69.12 67.63 58.70 67.10 65.32 68.75 66.85 67.53 68.10
TiO, 00.51 00.49 00.61 00.58 00.60 00.47 00.52 00.49 00.50

ALO, 14.85 15.11 15.02 14.15 16.21 14.63 15.50 14.85 15.24
Fe,O, 1.44 1.96 3.30 2.34 1.75 1.60 1.01 1.68 1.41
FeO 1.97 1.80 4.66 2.40 2.39 1.80 2.79 1.96 1.94
MnO 00.07 00.06 0.14 00.11 00.09 00.09 00.08 00.10 00.05
MgO 1.03 1.12 2.86 2.10 1.8 1.42 1.07 00.99 1.03
CaO 3.80 4.47 6.48 4.92 4.42 441 4.18 3.82 4.05
Na,O 2.95 2.93 2.79 2.70 2.66 3.18 2.82 2.98 2.92
K0 2.74 2.65 2.18 2.06 2.04 1.90 2.56 2.74 2.17
PO, 00.25 00.26 0.36 00.37 00.39 0.25 00.33 00.28 00.28
LOI 1.03 1.46 2.74 1.14 1.90 1.38 2.21 2.50 1.89
Total 99.76 99.94 99.84 99.97 99.70 99.88 99.92 99.87 99.79
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balance calculation programs, designed to calcu-
late the proportions of mineral phases present in
a rock from chemical analyses of the rock and
the constituent minerals. The program solves
linear least-squares mass-balance equations of
Wright and Doherty (1970), makes calculations
and can trace the composition of derivative mag-
mas as phases are added or subtracted from an
initial magma. The principles of the calculation
consider a set of geochemical analyses of repre-
sentative whole rock samples (e.g. From volca-
nic, granite...), which are to be tested for the va-
lidity of fractional crystallization (FC) processes
for their evolution.

The rock with the lowest SiO, content can be
assumed to be the parent rock (PR) of a sample
with a highest SiO, content (the daughter rock,
DR). To test this hypothesis a mass balance cal-
culation could be performed, knowing the com-
positions of the parent and the daughter rocks
and their respective modal minerals. The com-
positions of the fractioned phases are chosen
from Dear et al., (1966) with the guidance of the
normative studies. The method tries to minimize
sum square of the residuals (}'R?). The small val-
ue of the (3 R?) indicates a good fit of the result-
ing model. The calculation has been performed
for granodiorite and the younger granite of Ga-
bal Delihimmi as one system, then granodiorite
and the younger granite of Gabal Um Shaddad as
another separate system and finally granodiorite
and the younger granite of Gabal Abu Tiyur as
one system.

Within the granodiorite and younger gran-
ite of Gabal Delihimmi system Table (3), the
observed daughter or the most compositionally
evolved younger granite sample (S. No.l and
Table 2) can be derived from the most mafic
magma of the observed parent granodiorite sam-
ple (S. No.93 Table 1) by fractional crystalliza-
tion of plagioclase 37.78%, hornblende 27.74%,
orthoclase 5.86%, biotite 9.40%, quartz 19.07%
and apatite 0.25% with 0.00% residual liquid
sample (S. No.l). The relatively small value
>R?(0.001) indicates a good fit of the resulting
model.

Within the granodiorite and younger gran-
ite of Gabal Um Shaddad system Table (4), the
observed daughter or the most compositionally
evolved younger granite sample (S. No. 12 and
Table 2) can be derived from the most mafic
magma of the observed parent granodiorite sam-
ple (S. No.93 and Table 1) by fractional crys-
tallization of plagioclase 38.71%, hornblende
27.65%, orthoclase 5.07%, biotite 9.34%, quartz
18.84% and apatite 0.26 % with 0.13% residual
liquid sample (S. No.12). The relatively small
value Y R? (0.001) indicates a good fit of the re-
sulting model.

Within the granodiorite and younger gran-
ite of Gabal Abu Tiyur system Table (5), the
observed daughter or the most compositionally
evolved younger granite sample (S. No.18 and
Table 2) can be derived from the most mafic mag-
ma of the observed parent granodiorite sample
(S. No.93 and Table 1) by fractional crystalliza-
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Table (2): Major oxides (wt%), trace and rare earth elements (ppm) of the studied younger granites, (Abdel Wahid e al., 2004).

S. No. Gabal Delihimmi granite Ave.Del
1 2 3 4 5 6 7 8 9 10 11 N=11
SiO, 74.51 74.20 73.85 73.79 72.11 74.46 74.38 74.17 74.01 73.83 73.55 74.34
TiO, 0.21 0.27 0.27 0.26 0.26 0.21 0.23 0.21 0.23 0.23 0.24 0.21
ALO; 12.98 12.74 13.17 13.05 14.01 12.98 12.90 12.93 13.04 12.64 12.96 12.97
Fe,0;' 1.92 2.45 2.17 2.56 2.35 2.10 2.34 2.12 2.39 2.33 2.50 2.12
MnO 0.05 0.04 0.04 0.05 0.05 0.03 0.04 0.04 0.04 0.04 0.04 0.04
MgO 0.42 0.43 0.44 0.36 0.53 0.29 0.28 0.25 0.29 0.28 0.30 0.31
Ca0 1.36 1.20 1.63 1.21 1.74 0.98 1.58 1.26 1.32 1.23 1.34 1.21
Na,O 3.71 3.44 3.70 3.73 4.10 3.51 3.89 3.43 3.61 3.68 3.60 371
K,O 3.95 3.79 3.94 3.53 3.54 4.46 341 4.64 4.31 4.52 4.44 4.04
P,05 0.05 0.08 0.07 0.05 0.06 0.07 0.03 0.03 0.06 0.05 0.05 0.05
L.O.I. 0.80 0.80 0.70 1.00 1.00 0.70 0.80 0.70 0.50 1.20 0.90 0.84
Total 100.00 99.51 100.04 99.71 99.83 99.87 99.95 99.85 99.85 100.10 99.99
Trace Elements (ppm)
Nb 13.20 10.60 15.30 15.50 14.50 11.30 11.90 11.10 11.80 11.10 12.80 13.10
Rb 146.70 81.40 137.90 67.00 150.50 93.00 73.90 89.50 88.10 89.20 90.90 116.30
Sr 92.90 121.60 115.70 127.50 95.50 95.10 113.10 105.40 102.70 102.90 113.60 93.90
Zr 135.00 177.60 135.50 222.10 126.70 208.30 223.50 190.90 222.40 208.50 201.00 175.50
Ba 324.00 526.00 424.00 953.00 299.00 696.00 465.00 583.00 560.00 578.00 540.00 474.15
Y 25.00 22.20 43.60 34.70 36.90 28.80 31.60 30.30 30.00 30.10 33.30 32.12
REE (ppm)
La 23.50 31.10 24.60 32.40 17.40 61.90 42.80 47.70 51.60 45.10 73.70 41.07
Ce 45.00 86.40 55.30 67.40 39.70 127.20 90.90 101.30 106.50 96.30 155.00 88.30
Pr 5.84 7.35 6.20 7.51 4.42 13.21 9.87 10.72 11.56 10.56 16.92 9.50
Nd 22.80 27.80 24.80 28.50 17.90 47.60 37.70 39.30 42.30 39.40 60.50 35.30
Sm 5.20 5.10 6.00 6.40 4.70 8.00 7.00 7.20 7.60 7.60 10.20 6.82
Eu 0.66 1.03 0.69 1.57 0.62 1.33 1.39 1.35 1.28 1.23 1.44 1.15
Gd 5.19 4.25 5.98 5.70 4.95 5.50 5.74 5.49 5.73 5.61 6.81 5.50
Tb 0.87 0.66 1.06 0.94 0.82 0.85 0.91 0.87 0.88 0.87 1.09 0.90
Dy 6.00 4.24 7.29 6.07 5.75 5.38 5.92 5.69 5.80 5.82 6.74 5.90
Ho 1.24 0.79 0.41 1.21 1.18 0.96 1.09 1.05 1.06 1.04 1.18 1.02
Er 4.06 2.57 4.48 3.73 3.85 3.09 3.34 3.24 3.24 3.25 3.69 3.50
Tm 0.59 0.34 0.65 0.51 0.55 0.39 0.43 0.41 0.41 0.42 0.45 0.47
Yb 4.54 2.57 4.88 3.79 4.18 2.97 3.22 3.09 3.12 3.10 3.28 3.50
Lu 0.73 0.40 0.75 0.60 0.69 0.44 0.48 0.47 0.48 0.49 0.49 0.60
Note: Total iron as Fe,0;=Fe,0;'
Table (2, cont.): Major oxides(wt%), trace and rare earth el ts (ppm) of the studied younger granites, (Abdel Wahid et al., 2004).
Gabal Um Shaddad granite Gabal Abu Tiyur granite
S.No. Av. Shad Av2
N=6 Avl N=5
12 13 14 15 16 17 18 19 20 N=3 21 22 23 24 25
SiO, 717.47 77.44 77.31 77.14 77.12 75.77 77.04 78.69 78.31 76.69 77.90 77.90 71.58 77.08 76.63 75.97 77.03
TiO, 0.17 0.17 0.14 0.14 0.10 0.15 0.15 0.13 0.17 0.19 0.16 0.06 0.07 0.07 0.08 0.08 0.07
ALO; 11.24 11.26 11.52 11.76 11.31 11.68 11.46 10.66 10.49 11.39 10.85 11.46 11.78 11.58 11.76 12.05 11.73
Fe,0;' 2.68 1.90 1.85 1.67 1.99 2.13 2.04 1.78 2.54 2.45 2.26 1.25 1.26 1.42 1.66 143 1.40
MnO 0.01 0.03 0.02 0.02 0.02 0.03 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.03 0.01 0.01
MgO 0.04 0.02 0.05 0.04 0.02 0.04 0.04 0.03 0.09 0.04 0.05 0.03 0.03 0.01 0.02 0.05 0.03
Ca0 0.12 0.27 0.36 0.39 0.24 0.76 0.36 0.15 0.19 0.11 0.15 0.26 0.24 0.26 0.28 0.33 0.27
Na,O 3.12 3.79 3.28 2.99 3.79 335 3.40 3.32 3.27 3.71 343 4.14 4.20 4.17 4.06 4.27 4.17
K,O 4.72 4.66 4.59 4.85 4.11 4.54 4.58 4.35 3.88 4.28 4.17 4.20 4.33 4.02 4.12 4.41 4.22
P,0s 0.01 0.01 0.04 0.03 0.06 0.04 0.03 0.02 0.01 0.05 0.03 0.04 0.02 0.01 0.16 0.01 0.05
L.O.L 0.30 0.30 0.40 0.60 0.60 1.00 0.50 0.50 0.40 0.40 0.43 0.50 0.10 0.50 0.60 1.00 0.54
Total 99.96 99.90 99.66 99.74 99.38 99.59 99.76 99.48 99.50 99.58 99.86 99.63 99.13 99.42 99.63 99.53
Trace El (ppm)
Nb 44.80 55.50 30.20 33.60 76.20 43.30 47.30 33.40 49.30 46.90 43.20 40.30 70.50 56.90 53.00 54.20 54.98
Rb 80.90 67.20 90.10 81.40 85.10 77.80 80.40 53.40 40.80 51.30 48.50 96.70 97.40 100.80 104.00 92.30 98.24
Sr 46.80 9.80 52.20 55.20 6.90 48.50 36.60 21.90 18.40 22.70 21.00 6.00 3.90 7.10 4.30 8.90 6.04
Zr 356.40  471.90 235.10 327.40 347.70 295.80 339.10 397.20 611.40 430.30 479.63 294.20 267.30 321.70 262.20 24550 278.18
Ba 837.00  508.00 820.00 943.00 142.00 778.00 671.30 946.00 960.00 1376.00 1094.00 26.00 30.00 21.00 32.00 30.00 27.80
Y 95.50 486.70 132.90  50.80  126.50  71.60 160.70 56.70 72.90 98.50 76.03 86.90 105.20 108.90 127.50 107.10 107.12
REE (ppm)
La 100.90 133.00 88.80 45.40 74.70 88.56 71.20 122.40 186.70 126.77  26.00 28.70 30.70 30.40 47.20 32.60
Ce 177.20 156.50 197.30 121.70 172.20 165.00 162.60 208.50 229.10 200.07 64.20 68.70 70.70 84.20 115.70  80.70
Pr 26.44 32.59 22.06 16.22 19.55 23.37 19.15 32.48 42.80 31.48 8.18 10.40 10.18 10.19 15.13 10.82
Nd 102.90 144.10  84.60 73.40 77.20 96.24 78.70  130.00 184.60 131.10 32.10 44.70 43.50 43.90 64.30 45.70
Sm 18.20 35.40 14.70 23.00 15.20 21.30 16.90 24.40 38.50 26.60 10.30 15.40 13.90 14.80 19.90 14.86
Eu 2.80 6.36 2.29 2.01 2.17 3.13 2.59 3.19 7.68 4.49 0.59 0.91 0.77 0.88 1.16 0.86
Gd 14.31 37.01 9.58 21.70 11.27 18.77 12.50 16.05 33.11 20.55 10.90 16.19 14.35 16.79 19.18 15.48
Tb 2.57 5.78 1.60 3.93 2.04 3.18 2.05 2.56 4.46 3.02 2.20 3.08 2.66 3.33 342 2.94
Dy 16.29 32.13 10.23 25.46 13.50 19.52 12.82 15.81 25.55 18.06 15.69 20.01 18.22 23.41 21.33 19.73
Ho 3.17 5.45 1.84 4.92 2.54 3.58 2.27 2.65 4.03 2.98 3.15 3.92 3.58 4.53 3.83 3.80
Er 10.81 14.32 5.83 14.29 7.85 10.62 6.84 6.13 10.47 7.81 9.95 3.58 11.43 13.34 11.02 9.86
Tm 1.43 1.56 0.73 1.75 1.02 1.30 0.83 0.97 1.12 0.97 1.30 1.47 1.49 1.65 1.34 1.45
Yb 8.90 10.37 5.44 11.38 7.54 8.73 5.94 7.24 7.91 7.03 9.12 9.85 10.67 10.66 9.11 9.88
Lu 1.27 1.44 0.81 1.60 1.15 1.25 0.92 1.10 1.15 1.06 1.32 1.38 1.58 1.52 1.31 1.42

Note: Total iron as Fe,0;=Fe,05'
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Table (3): Fractionating modeling and mineral composition used in mass balance calculations (Wright and
Doherty, 1970) for granodiorites and younger granites of Gabal Delihimmi as one system.
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Observed | Observed . Fractionating phases

daughter Parent Cegzlrl;ied \?/:slggjld (Deer et al.g f 966)

(S. No.1) | (S. No.93) An37 | Hb. | Ortho. | Biot. Qz. Apt.
SiO, 75.32 60.89 60.90 0.00 5799 | 4573 | 61.56 | 37.38 | 99.53 | 0.00
TiO, 0.21 0.63 0.61 0.03 0.00 1.51 0.00 1.87 | 0.00 | 0.00
ALO, 13.12 15.58 15.58 0.00 2642 | 11.39 | 2140 | 11.92 | 0.06 | 0.00
FeO* 1.81 7.91 7.92 -0.01 0.19 | 1646 | 0.00 | 32.59 | 0.09 | 0.22
MnO 0.05 0.14 0.14 0.00 0.00 | 0.33 0.00 0.44 | 0.00 | 0.00
MgO 0.42 2.97 2.97 -0.01 0.03 | 10.60 | 0.00 0.25 0.00 | 0.53
CaO 1.37 6.72 6.72 0.00 7.83 | 12.33 1.51 0.16 | 0.00 | 54.84
Na, 0 3.75 2.89 2.89 0.00 6.47 | 0.99 2.39 0.39 | 0.00 | 0.21
KO 3.99 2.26 2.26 0.00 1.10 | 0.80 12.76 8.78 | 0.00 | 0.00

Note that the analyses were recalculated to 100% and the total iron is given as FeO*. The composition of
the fractionated phases (An37, Hb., Ortho. Bio, Qz. and Apt.) are from Deer et al., (1966). Residual
liquid (sample No. 1) = 0.00%, fractionating phases = 100.1% (plagioclase 37.78%, hornblende
27.74%, orthoclase 5.86%, biot. 9.40%, quartz 19.07% and apatite 0.25 %). Sum of square of
residuals (3'R2) is 0.001.

Table (4): Fractionating modeling and mineral composition used in mass balance calculations (Wright and

Doherty, 1970) for granodiorites and younger granites of Gabal Um Shaddad as one system.

Observed | Observed Calculated | Weighted Fractionating phases

daughter Parent . Deer et al., 1966

(S.No12) | (S No.o3y | Parent residual ["An37 T Hb. | Ortho. | Biot. | Qz. Apt.
SiO, 78.02 60.89 60.90 0.00 57.99 | 45.73 | 63.01 | 37.38 | 99.53 | 0.00
TiO, 0.17 0.63 0.60 0.03 0.00 | 1.51 0.00 1.87 | 0.00 | 0.00
ALO, 11.32 15.58 15.58 0.00 26.42 | 11.39 | 19.73 | 11.92 | 0.06 | 0.00
FeO* 243 7.91 7.92 0.00 0.19 | 1646 | 0.62 | 32.59 | 0.09 | 0.22
MnO 0.01 0.14 0.13 0.01 0.00 | 0.33 0.00 0.44 | 0.00 | 0.00
MgO 0.04 2.97 2.98 -0.01 0.03 | 10.60 | 0.19 0.25 | 0.00 | 0.53
CaO 0.12 6.72 6.72 0.00 7.83 | 1233 | 0.26 0.16 | 0.00 | 54.84
Na,O 3.14 2.89 2.90 -0.01 6.47 | 0.99 1.51 0.39 | 0.00 | 0.21
K.O 4.75 2.26 2.26 0.00 1.10 | 0.80 | 14.53 | 8.78 | 0.00 | 0.00

Note that the analyses were recalculated to 100% and the total iron is given as FeO*. The composition of the
fractionated phases (An37, Hb., Ortho. Bio, Qz. and Apt.) are from Deer et al. (1966). Residual lig-
uid (sample No. 1) =0.13%, fractionating phases = 99.87% (plagioclase 38.71%, hornblende 27.65%,
orthoclase 5.07%, biot. 9.34%, quartz 18.84% and apatite 0.26 %). Sum of square of residuals (>R?)
is 0.001.
Table (5): Fractionating modeling and mineral composition used in mass balance calculations (Wright and
Doherty, 1970) for granodiorites and younger granites of Gabal Abu Tiyur as one system.

Observed Observed . Fractionating phases
daughter Parent Calculated Welghted (Deer e al.. 1966)

(S. No.18) | (S.No.93) | rarent residual ["An37 [ Hb. | Ortho. | Biot. | Qz. | Apt.
Si02 79.53 60.89 60.90 0.00 57.99 | 4573 | 63.01 | 37.38 | 99.53 | 0.00
TiO2 0.13 0.63 0.60 0.03 0.00 | 1.51 0.00 1.87 | 0.00 | 0.00
Al203 10.77 15.58 15.58 0.00 2642 | 11.39 | 19.73 | 11.92 | 0.06 | 0.00
FeO* 1.62 7.91 7.92 0.00 0.19 | 16.46 | 0.62 32.59 | 0.09 | 0.22
MnO 0.01 0.14 0.13 0.01 0.00 | 0.33 0.00 0.44 | 0.00 | 0.00
MgO 0.03 2.97 2.98 -0.01 0.03 | 10.60 | 0.19 0.25 | 0.00 | 0.53
CaO 0.15 6.72 6.72 0.00 7.83 | 1233 | 0.26 0.16 | 0.00 | 54.84
Na20 3.36 2.89 2.90 -0.01 6.47 | 0.99 1.51 0.39 | 0.00 | 0.21
K20 4.40 2.26 2.26 0.00 1.10 | 0.80 14.53 878 | 0.00 | 0.00

Note that the analyses were recalculated to 100% and the total iron is given as FeO*. The composition of
the fractionated phases (An37, Hb., Ortho. Bio, Qz. and Apt.) are from Deer et al., (1966). Residual liquid
(sample No. 1) = 0.00%, fractionating phases = 99.99% (plagioclase 38.74%, hornblende 27.65%, ortho-
clase 5.10%, biot. 9.34%, quartz 18.90% and apatite 0.26 %). Sum of square of residuals (3 R?) is 0.001.
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tion of plagioclase 38.74%, hornblende 27.65%,
orthoclase 5.10%, biotite 9.34%, quartz 18.90%
and apatite 0.26 % with 0.00% residual liquid
sample (S. No.18). The relatively small value
>R?(0.001) indicates a good fit of the resulting
model.

RARE EARTH ELEMENTS MODELING

Rare earth elements modeling calculations
have been used successfully in studying the pet-
rogenesis and origin of basaltic rocks which may
be derived by partial melting of upper mantle
source materials.

The use of REE to explain the origin and evo-
lution of igneous rocks is based on the use of K,
(distribution coefficient), in quantitative models
using partial melting and/or crystal fractionation.

Shaw (1970) modified a general equation for
partial melting during batch melting in which the
concentration of a given trace element in a melt
(C)) relative to its concentration in the parent
material (C) is given by:

C /C=1/[D+F1-P)] ... (D)
By rearranging:

=1/[(D, -PF)+F] .o, )
where:

D =3, Xi KDi ; P= ZipiKDi
D = The bulk distribution coefficient of the

parent for a given rare earth element based on
the mineral composition at the start of melting.

Xi = The weight fraction of mineral i in the
parent material.

' = The mineral/melt distribution coeffi-
cient for a given rare earth element for mineral i.

P = The bulk distribution coefficient of
the minerals making up the melt in which P! is
the weight normative fraction of mineral i in the
melt.

F = The weight fraction of the melt relative
to the original parent.

During differentiation, which is the evolution
of a melt modified by fractional crystallization,
the Rayleigh fractionation law, (Rayleigh,
1896), can be used to describe the trace element

concentration of the differntiated melt, C,

relative to the parent melt C, (Neuman et al.,
1954), as follows:

C/C =F®D
Where:
F = fraction of the melt left

D = Bulk distribution coefficient of the crys-
tals settling out of the melt.

The calculations of the following models
for the origin of the studied granitic rocks were
carried out using the basic computer program
(NEWPET, 1994) and the mineral/melt parti-
tion coefficient of the REE were taken from Arth
(1976) for dacites and rhyolites quoted in Rol-
linson (1993), (Table 6).

The origin and evolution of igneous rocks
using REE is based on K (distribution coeffi-
cient) in quantitative models indicating differ-
entiation and/or partial melting. The K ’s for a
given element are dependent on the temperature
and composition of the mineral and melt. Gast
(1968) and Shaw (1970) suggested the theoreti-
cal derivations of quantitative modeling of trace
elements for differentiation and partial melting
of igneous rocks. Two models are commonly
considered for partial melting: batch melting and
fractional melting. In either model melting is as-
sumed to occur under equilibrium conditions.

In the following models calculations, the
average REE contents of the continental crust
(Taylor and McLennan, 1985) were used as
the parent materials involved in the generation
of the studied granites. The continental crust is
composed of 20 km upper granitic crust overly-
ing 10 km dioritic middle crust above a 10 km
gabbroic crust (Jackson et al., 1984).

Petrogenesis of Gabal Delihimmi granites from
the bulk continental crust source materials

The studied granite of Gabal Delihimmi
shows a REE pattern normalized chondrites us-
ing the values of Boynton (1984), (Fig.2a). The
pattern reflects a fractionated magma enriched in
LREE according to HREE with a small to mod-
erate negative Eu anomaly. The average REE
abundance pattern of Gabal Delhimmi is similar
to that of the average of the bulk continental crust
(Taylor and McLennan, 1985) so, it can be used
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Table (6): Mineral/melt partition coefficients (KD) of REE for dacitic and rhyolitic melts, Arth (1976).

Element Pl Hb. | Cpx Bi Qz K-feld Ilm Zr All
La 0.38 - 1.11 5.71 0.015 0.08 1.22 16.9 2594
Ce 024 | 899 | 0.5 0.037 | 0.014 0.044 1.64 16.75 2278
Nd 0.17 |1 2.89 | 1.11 | 0.044 | 0.016 0.025 2.27 13.3 1620
Sm 0.13 399 | 1.67 | 0.058 | 0.014 0.018 2.83 14.4 866.5
Eu 211 | 344 | 1.56 | 0145 | 0.056 1.13 1.01 16 111
Gd 0.9 548 | 1.85 | 0.082 - 0.011 - 12 -
Dy 0.086 | 6.2 1.93 | 0.097 | 0.015 0.006 2.63 101.5 136.5
Yb 0.077 | 4.89 | 1.58 | 0.179 | 0.017 0.012 1.47 257 30.8
Lu 0.062 | 4.53 | 1.54 | 0.185 | 0.014 0.006 1.2 641.5 33

103

Pl=Plagioclase; Hb=Hornblende; Cpx=Clinopyroxene; Bi=Biotite; Qz=Quartz; K-feld.=K-feldspar;

IIlm=Ilmenite; Zr=Zircon and All=Allanite.
as a source parent material. The modal mineral

constituents of the source is: 60% plagioclase,
15% hornblende, 8% biotite, 5% quartz, 5% pot-
ash feldspar, 3% clinopyroxene and 2% ilmen-
ite. At 40% degree of non-modal partial melt-
ing with major contribution of plagioclase and
hornblende to the liquid composition followed
by 35% crystal fractionation involving separa-
tion of biotite, K-feldspar and quartz will give a
best fit to the observed REE pattern of this type
of granites as shown in (Fig. 2d), (Table 7). The
calculated remaining source composition after
40% partial melting is: 60% plagioclase, 11.3%
biotite; 9.6% hornblende, 6.3% potash-feldspar
and quartz, 5% clinopyroxene, 1.3% ilmenite
and 0.5% apatite.

Petrogenesis of Gabal Um Shaddad granite
from the upper continental crust source
materials

The studied younger granite of Gabal Um
Shaddad shows a REE pattern normalized
chondrites using the values of Boynton (1984),
(Fig.2b). The pattern reflects a slightly flat frac-
tionated magma enriched in LREE according
to HREE with moderate negative Eu anomaly.
The average REE abundance pattern of Gabal
Um Shaddad is similar to that of the average of
the upper continental crust (Taylor and Mclen-
nan, 1985) so, it can be used as a source parent
material. The suggested modal mineralogy of
the source is: 45% potash feldspar, 40% quartz,
10% biotite and 5% plagioclase together with
the REE abundance similar to the average of
the upper continental crust (Taylor and McLen-
nan, 1985). At 30% degree of non-modal partial
melting with major contribution of K-feldspar
and quartz to the liquid composition followed

by 40% crystal fractionation involving separa-
tion of K-feldspar and quartz along with minor
zircon will give a best fit to the observed REE
pattern of this type of granites as shown in (Fig.
2e and Table 7). The calculated remaining source
composition after 30% partial melting is: 45%
K-feldspar, 44.3% quartz, 5% plagioclase and
5.7% biotite.

Petrogenesis of Gabal Abu Tiyur granites from
the upper continental crust source materials

It is worth to mention that the REE pattern
of the studied granite of Gabal Abu Tiyur reflect
two patterns (two types); the first exhibits more
enriched LREE with more or less flat HREE and
with small to moderate Eu anomaly, while the
other type reflects smaller fractionated LREE
than HREE with moderate to large Eu anomaly,
(Fig.2¢c). Gabal Abu Tiyur (type 1) has average
REE pattern similar to that of the average of
the upper continental crust (Taylor and McLen-
nan, 1985) so, it can be used as a source parent
material. The suggested modal mineralogy of
the source is: 45% potash feldspar, 40% quartz,
10% biotite and 5% plagioclase together with
the REE abundance similar to the average of
the upper continental crust (Taylor and McLen-
nan, 1985). At 30% degree of non-modal partial
melting with major contribution of K-feldspar
and quartz to the liquid composition followed by
40% crystal fractionation involving separation
of K-feldspar and quartz along with minor zir-
con will give a best fit to the observed REE pat-
tern of this type of granites as shown in (Fig.2e
and Table 7). The calculated remaining source
composition after 30% partial melting is: 45%
K-feldspar, 44.3% quartz, 5% plagioclase and
5.7% biotite.
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Gabal Abu Tiyur (type 2) has average REE
pattern similar to that of the average of the upper
continental crust (Taylor and McLennan, 1985)
so, it can be used as a source parent material.
The suggested modal mineralogy of the source
is granitic in composition: 60% potash feldspar,
39.5% quartz and 0.5% apatite. After 50% de-
gree of modal partial melting followed by 60%
crystal fractionation involving separation of K-
feldspar and quartz along with minor allanite
will give best fit to the observed REE pattern of
this type of granites (Fig. 2f and Table 7).

1- Initial bulk continental crust concentration
(Taylor and McLennan, 1985).

2- Initial upper continental crust concentra-
tion (Taylor and McLennan, 1985).

3- Liquid concentration resulted from 40%
partial melting of bulk continental crust source.

4- Liquid concentration resulted from 35%
fractional crystallization to generate Delihimmi
granites.

5- Liquid concentration resulted from 30%
partial melting of upper continental crust source.

6- Liquid concentration resulted from 40%
fractional crystallization to generate Um Shad-
dad and Abu Tiyur (type 1) granites.

7- Liquid concentration resulted from 50%
partial melting of upper continental crust source.

8- Liquid concentration resulted from 60%
fractional crystallization to generate Abu Tiyur
(type 2) granite.

Anas M. El-Sherif

9- Average of studied Gabal Delihimmi gran-
ites.

10- Average of studied Gabal Um Shaddad
granites.

11- Average of studied Gabal Abu Tiyur (type
1) granites.

12- Average of studied Gabal Abu Tiyur (type
2) granites.

quantification of the tetrad effect

Fidelis and Siekierski (1966) and Peppard et
al. (1969) initially observed the tetrad effect in
patterns of liquid-liquid REE distribution coet-
ficients. Since then, the tetrad effect is well rec-
ognized in chemistry as affecting the REE com-
plexing behaviour, which is assumed to be influ-
enced by variations in the exchange interactions
of unpaired 4f-electrons, spin orbit coupling or
crystal field stabilization, (Mioduski, 1997). Ma-
suda et al., (1987) proposed the existence of two
different types of tetrad effects. Both types are
derived from each other and mirror themselves
by difinition (M-type in solid samples as residue
and W-type in the interacting fluids as extract).
The labels “M” and “W” refer to REE patterns
with upwards or downwards curved tetrads re-
spectively.

Fractionation of minerals alone cannot ex-
plain non-CHARAC behavior of Zr and Hf, Y
and Ho (Bau, 1996 and 1997). Therefore, it is
suggested that the tetrad effect and highly frac-
tionated trace element ratios of Y/Ho and Zr/Hf
indicate a trace element behavior that is simi-

Table (7): Initial and calculated concentrations (ppm) of REE resulted from partial melting and

fractional crystallization processes for the studied granites.

Element | 2 3 4 5 6 7 8 9 10 11 12
La 16 30 | 16.5 9 52.5| 848 | 53 38 | 41.7 | 88.8 | 126.8 | 32.6
Ce 33 64 | 57.8 | 88 | 195 | 318 | 106 | 90 | 883 | 165 | 200 | 80.7
Nd 16 26 | 234 | 355 | 81 | 133 | 398 | 464 | 35 96 131 | 45.7
Sm 351 45 | 46 | 69 14 | 231|677 | 11 6.8 | 21 26.6 | 149
Eu 1.1 {088 075|097 |1.17| 1.3 {095 1.1 | 1.15| 3.13 | 449 | 0.86
Gd 33 | 38 [299 | 45 |11.2 (185 | 59 | 13.8| 5.5 | 18.8 | 20.55 | 15.48
Dy 37 | 35 | 42 | 63 | 11.2 | 181 | 55 12 | 59 | 195 ] 181 | 19.7
Yb 22 | 22 | 281 | 41 | 69 | 104 (388 | 94 | 3.5 | 87 7 9.88
Lu 03 1032 04 | 06 1 14 {058 14 | 0.6 | 1.2 | 1.06 | 1.42




CONTRIBUTIONS TO THE CHEMICAL MODELING
d)

a)

1000

o
S

1000

100

105

—O— Del

bulkcrust (source)
R

o— 4 —&— 35%c.f.

o

Rock/Chondrite

Lu

1000

2
2

0

Rock/Chondrite

La

Ce |
Pr |
Nd |
Sm ]
Eu |
Gd ]
Tb |
Dy |
Ho |
Er |
Tm ]
Yb |
Lu ]

1000

=)
=3

=
°

Rock/Chondrite

1

10

Rock/Chondrite

e)
1000

-
=3
-]

Rock/Chondrite
a
o

1000

-
=3
=3

Rock/Chondrite

=
)

1

%@

La
Ce
Nd
Sm
Eu
Gd
Dy
Yb
Lu

—— uﬁ crust (source)
—e— shad

—— leuc,Tiy
—A— 30%p.m.
—&—40%c.f.

T\

La
Ce
Nd
Sm
Eu
Gd
Dy
Yb
Lu

—m— up crust (source )
—x —alkali, Tiy
—A—50%p.m.
—&—60%c.f.

—X

— —k—x
k

T
o =]
z w

<
]

Q

3 £

o > a F]
®» o [a] > a

Fig.(2): a- Chondrite normalized REE pattern for Delihimmi granites.

b- Chondrite normalized REE pattern for Um Shaddad granites.

c- Chondrite normalized REE pattern for Abu Tiyur granites.

d- REE petrogenetic modeling for the generation of Gabal Delihimmi granites from bulk continental

source materials.

e- REE petrogenetic modeling for the generation of Gabal Um Shaddad and Abu Tiyur (type 1) granites

from upper continental source materials.

f- REE petrogenetic modeling for the generation of Gabal Abu Tiyur (type 2) granites from upper conti-

nental source materials.
lar to that in aqueous system in which chemi-

cal complexation is significant. The term ‘tetrad
effect’ in geochemistry refers to the subdivision
of the 15 lanthanide elements into four groups
in a chondrite normalized distribution pattern:
(1) La—Ce—Pr—Nd, (2) Pm—Sm—Eu- Gd, (3) Tb—
Dy-Ho, and (4) Er—Tm-Yb-Lu, and each group
forms a smooth convex (M-type) or concave (W-
type) pattern (Masuda et al., 1987). The values
of tetrad effect were calculated according to the
quantification method of Irber (1999):

tl = (Ce/Ce*x Pr/ Pr¥), t3 = (Tb/Tb*xDy/
Dy#*), t4 =(Tm/Tm*xYb/Yb*)

Degree of the tetrad effect T1,3 = (t1 x t3)°3,

A REE pattern that does not show a tetrad
effect has values of TE < 1.1. The M-shaped
pattern shows TEi > 1.1 and the W-shaped TEi<
0.9.

The REE tetrad effect is most visible in late
magmatic differentiates with strong hydrother-
mal interactions or deuteric alteration. This in-
cludes highly evolved leucogranites, pegmatites,
and mineralized granites. Moreover, the tetrad
effect is often accompanied by other modified
geochemical behavior of many trace elements,
which is termed by Bau (1996) as non-CHAR-
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AC behavior (CHARAC =Charge-and-Radius-
Controlled). Such behavior occurs typically in
highly evolved magmatic systems enriched in
H,O, CO, and elements such as Li, B, F and/or
ClL, which suggests the increasing importance
of an aqueous like fluid system during the final
stages of granite crystallization (Bau, 1996; Ir-
ber, 1999).

The kinked pattern, which is the characteristic
REE tetrad effect, is well demonstrated in highly
evolved granitic rocks. According to Masuda et
al., (1987), extraction of a coexisting fluid from
a peraluminous melt would result in both of the
M-shaped and W-shaped REE tetrad effect, the
former of which would be shown in the residual
melt phase and the latter of which shown in the
fluid. However, this corresponding relationship
for a magma system has not been observed in
the natural environment. Recently, it has been ar-
gued that peraluminous magmatic systems repre-
sent the transition from a silicate melt to a high-
temperature hydrothermal system, and thus, the
geochemical behavior of the isovalent incom-
patible elements in highly evolved granitic rocks
are controlled mainly by chemical complexation
with a variety of ligands (Bau and Dulski, 1995;
Bau, 1996, 1997; Dostal and Chatterjee, 2000).
Therefore, the origin of the REE tetrad effect
was ascribed to the interaction between fluorine
bearing fluid and silicate melt phases (e.g., see
Irber, 1999). Monecke ef al., (2002) thought that
the convex tetrad effect in the samples from the
magmatic environment could not be explained
by removal of a respective complementary REE
pattern by a coexisting hydrothermal fluid, as
they found that the fluorite samples collected
from hydrothermal vein within the endocontact
of the Li-F granite of Zinnwald, Germany, obvi-
ously have the M-shaped REE tetrad effect in-
stead of the W-shaped tetrad effect. Therefore,
they proposed that the tetrad effect might have
formed within the magma fluid system before
emplacement in the subvolcanic environment
where phase separation caused a split of this sys-
tem into fluid and magma subsystems, or that the
tetrad effect might also be inherited from an ex-
ternal fluid influencing the system during or after
the emplacement of the magma. Takahashi ez al.,
(2002) recently found both W- and M-type tet-

rad effect in REE patterns for the water-rock sys-
tems in the Tono uranium deposit, central Japan,
which is interpreted as that the preference of the
groundwater for a W-type tetrad effect produces
an M-type tetrad effect in the granitic rocks dur-
ing weathering processes. Cao et al., (2013) stat-
ed that, the tetrad effect observed in apatite from
the muscovite granite and the pegmatite zones of
Koktokay No. 3 pegmatite are most likely pro-
duced by the interaction of immiscible fluoride
and silicate melts, rather than by weathering,
fractional crystallization of individual mineral
phases and/or fluid-melt interaction.

The tetrad effect in lanthanide patterns of
whole-rock samples was quantified by equae
tions 1, 2 and 3 proposed by Irber (1999). The
calculated sizes t1, t3 and t4 of the tetrad effect
of the studied granitic masses are listed in Table
(8).

The kinks in the REE patterns are camou-
flaged by prominent convex and concave tet-
rads and pronounced negative Eu anomalies.
Visual inspection suggests that the first tetrad in
most samples is more prominent than the third
and fourth curved segments. The second tetrad
is comparably difficult to recognize due to the
anomalous behavior of Eu and the fact that Pm
does not occur in nature. Gabal Delihimmi gran-
ites have strong M-type tetrad effect of the first
tetrad group in samples 2 and 11 and third group
in sample 3 (Table 8). The index of tetrad effect
intensity, T1,3 is higher than 1.10 for sample 3
of Gabal Delihimmi granites which implies that
there was an interaction between melt and water-
haloid-rich fluid when these granites are crystal-
lized from magma.

Gabal Um Shaddad granites show strong W-
type of the first and fourth groups in sample 14
(Table 8) which may indicate the effect of water
enriched hydrothermal solutions on these gran-
ites. This assumption was also confirmed from
the index of tetrad effect intensity T1,4 lesser
than 9 (TEi< 0.9).

With respect to Gabal Abu Tiyur type (1),
sample 20 indicates the presence of strong W-
type tetrad from the first and fourth-types and
M-type tetrad in sample 21 from the first type
(Table 8). M-W- type tetrad effect in different
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samples may be related to the physico-chemical
conditions that prevailed during the alteration
processes and migration in and out of REEs in
host and country rocks. In Abu Tiyur type (2),
samples 22 and 24 were affected by strong M-
type tetrad from the fourth and first type respec-
tively (Table 8) with pronounced index of tetrad
effect intensity suggesting interaction between
melt and water-haloid-rich fluid when these
granites are crystallized from magma.

From the above mentioned tetrad effects the
pattern is well demonstrated in highly differenti-
ated rocks with strong hydrothermal interaction
(Irber, 1999).

Plot of the tetrad effect versus ratios of K/
Rb, Sr/Eu, Eu/Eu* and Y/Ho

The fractionation of elements which are sim-
ilar to each other in terms of ionic radius and
charge is regarded to be sensitive to changes in
melt composition during magma differentiation
(Bau, 1996). Therefore, the ratios of K/Rb, St/
Eu, Eu/Eu* and Y/Ho are plotted against the tet-
rad effect to search for common underlying pro-
cesses in trace element behaviour.

K/Rb

In the studied granitic masses, the K/Rb ra-
tio ranges from 1.95 and 4.37 with an average
of 3.57 for Gabal Delihimmi granite, while the
ratio ranges from 4.01 and 4.84 with an aver-
age of 4.58 for Gabal Umm Shaddad granite. In
Gabal Abu Tiyur granite (type 1) the K/Rb ratio
ranges from 6.81 to 7.85 with an average of 7.21,
whereas in Gabal Abu Tiyur granite (type 2) it
ranges from 3.39 to 7.12 with an average of 4.23
(Table 8). The tetrad effect negatively correlates
with K/Rb (Fig.3.a) and most of the studied
samples show significant tetrad effects (T>1).
The chondritic K/Rb ratio is 242 (Anders and
Grevesse, 1989) and the average of the magmat-
ic rocks is given as 230 with most of the crustal
rocks ranging from 150 to 350 (Taylor, 1965).
With increasing degree of differentiation, Rb
fractionates preferentially into the residual melt
and the K/Rb ratios decrease in highly evolved
magmatic systems below 50 (Irber, 1999).

Sr/Eu and Eu/Eu*

The Sr and Eu display a distinctive behaviour

during magma evolution and bear information
relevant to trace element behaviour in general.
The samples in this study range in Sr/Eu from
2.96 to 154.03 (Table 8). The majority of Gabal
Delihimmi granites ratios is close to the chon-
dritic value of 139 (Anders and Grevesse, 1989).
Eu is somewhat increased in the residual melt
and can be enriched with respect to Sr during
granite differentiation (decreasing in St/Eu ra-
tio). The calculated ratios of St/Eu show relative
increasing trend with the tetrad effect (Fig.3.b)
due to the decrease in Eu concentration as a re-
sult of negative Eu anomalies.

When plotting the Eu/Eu* ratios against the
tetrad effect (Fig.3.c), they show relative de-
crease between the tetrad effect and the size of
Eu anomalies in the studied granitic masses.

Y/Ho

The chondritic ratio of Y/Ho is 28 (Anders
and Grevesse, 1989), and the ratios range from
20.16 to 31.27 in the studied granites except one
sample of Gabal Delihimmi granite which reach-
es 106.34 (Table 8). Paralleled by the increas-
ing degree of the tetrad effect the ratios shift to
values >28 (Fig.3.d). Bau and Dulski (1995)
suggest the complexation with fluorine as major
cause for values >28, while the complexing with
bicarbonate is assumed to generate values <28.

The REE tetrad effect was mainly observed
in late magmatic differentiation related to strong
hydrothermal interactions or deuteric alteration,
Dupuy et al., (1992). The high—temperature al-
teration indicated by REE pattern displaying the
tetrad effect albitization resulted from fluid-rock
interaction.

SUMMARY AND CONCLUSION

From the previous results and discussions,
the following can be concluded:

1- Gabal Delihimmi (140 km?), Gabal Abu
Tiyur (30 km?) and Gabal Um Shaddad (17 km?)
are three granitic masses intruded into older
metavolcanics and metasediments located in the
Central Eastern Desert.

2- The modal mineralogic analysis shows
that Gabal Delihimmi granites are composed
of orthoclase perthites, quartz, plagioclase and
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Table (8): The tetrad effect values and some elemental ratios calculations of the studied granitic masses.

S. No. tl t3 t4 T1,3 T1,4 K/Rb Sr/Eu Eu/Eu* Y/Ho
1 0.988 0.979 0.985 0.984 | 0.987 2.23 140.76 11.33 20.16
2 1.209 0.993 0.956 1.096 | 1.075 3.89 118.06 12.80 28.10
3 1.058 1.930 1.007 1.429 | 1.032 2.37 167.68 12.43 106.34
4 1.044 0.989 0.963 1.016 | 1.003 4.37 81.21 18.31 28.68
5 1.059 0.977 0.964 1.017 | 1.011 1.95 154.03 10.72 31.27
6 1.065 1.012 0.957 1.038 | 1.010 3.98 71.50 16.55 30.00
7 1.052 1.009 0.963 1.030 | 1.007 3.82 81.37 17.29 28.99
8 1.074 1.008 0.945 1.040 | 1.008 4.28 78.07 16.66 28.86
9 1.060 0.997 0.940 1.028 | 0.998 4.07 80.23 16.57 28.30

10 1.067 1.013 0.937 1.040 | 1.000 4.21 83.66 16.07 28.94
11 1.136 1.040 0.937 1.028 | 1.007 4.05 78.89 19.16 28.22
Av. 1.074 1.086 1.071 1.068 | 1.013 3.57 103.22 15.26 35.26
12 0.948 1.045 0.973 0.995 | 0.998 4.84 16.71 38.73 30.13
14 0.728 1.043 0.817 0.918 | 0.871 4.23 8.21 93.87 24.39
15 1.074 1.048 1.010 1.061 | 0.951 4.98 24.10 28.66 27.61
16 1.086 1.053 1.025 1.069 | 0.967 4.01 3.43 43.13 25.71
17 1.078 1.066 1.016 1.072 | 0.957 4.83 22.35 31.08 28.19
Av. 0.983 1.051 1.014 1.023 | 0.949 4.58 14.96 47.09 27.21
18 1.052 1.046 0.918 1.049 | 0.982 6.81 8.46 34.82 24.98
19 0.920 1.061 1.058 0.988 | 0.987 7.85 5.77 43.78 27.51
20 0.752 1.005 0.889 0.870 | 0.818 6.96 2.96 97.58 24.44
Av. 0.908 1.037 0.969 0.969 | 0.929 7.21 5.73 58.73 25.64
21 1.119 1.090 0.985 1.105 | 1.050 7.12 10.17 15.52 27.59
22 1.053 1.071 1.775 1.062 | 1.367 3.70 4.29 23.49 26.84
23 1.036 1.056 0.973 1.046 | 1.004 3.44 9.22 20.34 30.42
24 1.131 1.101 0.965 1.116 | 1.045 3.39 4.89 23.51 28.15
25 1.071 1.084 0.953 1.077 | 1.011 3.52 7.67 28.86 27.96
Av. 1.082 1.080 1.081 1.081 | 1.095 4.23 7.25 22.34 28.19
I @ [ .
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Fig.(3): Tetrad versagu‘IGRb, Sr/Eu, Eu/Eu* and Y/Ho in the studied gra-
nitic masses (Symbols as in Fig.2).
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biotites whereas Gabal Abu Tiyur and Gabal Um
Shaddad granites are composed of microcline
perthites, quartz, plagioclase and minor biotites.

3- Fractional crystallization and mass bal-
ance modeling for the younger granites of Gabal
Delihimmi, Gabal Um Shaddad and Gabal Abu
Tiyur indicate their derivation from the parent
mafic magma granodiorite.

4- Rare earth elements petrogenetic model-
ing indicates that Gabal Delihimmi granite can
be produced by 40% non-modal partial melting
of bulk continental source materials followed
by 35% crystal fractionation. Gabal Abu Tiyur
granite (type 1) and Gabal Um Shaddad gran-
ite can be produced by 30% non-modal partial
melting of upper Continental source materials
followed by 40% crystal fractionation. On the
other hand, the granite of Abu Tiyur (type 2)
can be produced from granite source materials
by 50% partial melting followed by 60% crystal
fractionation.

5- The correlation of tetrad effect with ratios
of K/Rb, Sr/Eu, Euw/Eu* and Y/Ho proves that
the tetrad effect develops parallel to granite dif-
ferentiation, and significant tetrad effect are
clearly restricted to the more highly differenti-
ated granite samples.

6- The tetrad effect was a feature of the mag-
ma-fluid system before magmatic crystallization
or that the tetrad effect in the whole rock sam-
ples was inherited from an external fluid during
or after the emplacement of the magma.
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