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Abstract: Three granitic masses, namely Gabal Delihimmi (140
km?), Gabal Abu Tiyur (30 km?) and Gabal Um Shaddad (17 km?)
are located in the central Eastern Desert, intruded older
metavolcanics and metasediments. They were studied
petrographically, geochemically and rare earth elements were
applied for petrogenetic modeling.

Petrographically, Delihimmi granites are composed of orthoclase
perthites, quartz, plagioclase and biotites whereas Abu Tiyur and
Um Shaddad granites are composed of microcline perthites, quartz,
plagioclase and minor biotites.

Geochemically, Delihimmi, Um Shaddad and Abu Tiyur are
classified as granites. All granites have characteristics of group |
younger granites. Delihimmi granite has a normal calc-alkaline
strongly peraiuminous characters as well as characters of
unfractionated M-, |- and S-types. On the other hand, Abu Tiyur and
Um Shaddad granites exhibit highly fractionated A-type characters.
Spider diagrams reflect enrichment in LILE and HFSE except Zr and
Yb depletion for Abu Tiyur and Um Shaddad granites while
Delihimmi granite reflects enrichment in LILE and depletion in HFSE
except Nb and Ce. The studied Delihimmi, Abu Tiyur and Um
Shaddad granites were emplaced in a post orogenic tectonic
environment. 7

Rare earth elements normalized patterns for the studied granites
reflect a fractionated enriched LREE and depleted HREE patterns
with small to moderate negative Eu anomaly. Using REE
petrogenetic modeling Delihimmi granite can be produced from 40%
non-modal partial melting for the bulk continental source materials
followed by 35% crystal fractionation but the Abu Tiyur (type 1) and
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, Abu Tiyur granite (type 2)
can be produced from granitic source materials by 50% partial
melting followed by 60% crystal fractionation.

I"ntroduction

The Egyptian basement rocks comprise a wide variety of gneisses, dismembered
ophiolites, island arc metavolcanics, metasediments, metagabbros and
unmetamorphosed volcanics, and extensively intruded by various granitoid
plutons (El Gaby ef al, 1988; Hassan and Hashad, 1990). The Egyptian



Delta J. Sci. (Geo.) 31, 1 - 13 (2007)

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 anorogenic (G3) (Hussein et al., 1982).

Delihimmi and Abu Tiyur granites were reported as alkali-feldspar granite
type by Ragab et al. (1993). Rb/Sr whole- rock dating yielded an age of 548417
Ma for the granite of Abu Tiyur (Abd El Wahed et al., 2002).

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 mantie 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 subducted oceanic
crust or lower continental crust. The melt may be modified by differentiation,
mixing with other melts, or reaction with crustal rocks of different composition
during its ascent over a2 wide range of P, T and P20 conditions

The present study deals mainly with the petrography, geochemistry and
petrogenetic modeling using REE of Delihimmi, Um Shaddad and Abu Tiyur
granites located in the environs of Gabal El-Sibai, Centrai Eastern Desert of

Egypt.
GEOLOGIC SETTING

The studied granites are located between longitudes 34° 13" and 34° 23' E and
latitudes 25° 37' and 25° 47'N. Delihimmi granite occupies an oval-shaped piluton
that covers ~140 km? (Fig. 1) and exhibits low to moderate relief (528 m.a.s.l.).
Delihimmi granite exhibits exfoliation and spheroidal weathering. It encloses a
large number of granodioritic xenoliths near the contact. It is highly jointed with
close spacing and cut by dyke swarm: The pluton has sharp intrusive contacts
against the older ccuntry rocks, viz serpentinites, metagabbros, metavolcanics
and metasediments.

Abu Tiyur granite is a ring shaped intrusion located in the western part of
the study area and covering ~30 km?. It is of high relief (1099 m.a.s.l.) and
composed of medium- to coarse-grained granitic rocks. The contacts against the
metavolcanics and metasediments are sharp. The pluton exhibits exfoliation.

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

PETROGRAPHIC CHARACTERISTICS

Delihimmi granites are medium- to coarse- grained rocks composed essentially of
quartz (~42%), K-feldspars (~35%), plagioclase (~15%) and biotite (~6%)
(Fig.2a). Accessories (~0.8) comprise wedge shaped sphene crystals (Fig.2b),
apatite (Fig.2c), xenotime, allanite and zircon. The K-feldspars are represented
by orthoclase perthites of patchy and flame types.
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Plagioclase (An17) occurs as euhedral crystals of variable sizes with
carlsbad and albite twinning (Fig.2a).

Abu Tiyur granite is medium- to coarse- grained and composed mainly of
K-feldspars (~63%), quartz (~33%) and plagioclase (~2%) with minor biotite
(~1%). Zircon and opaques (0.3%) represent the accessory minerals (0.4%). The
K-feldspars are represented by microcline and orthoclase-perthite of the string
(Fig.2d) and patchy types (Fig.2e). The alkali amphiboles (riebeckite and
arfvedsonite) are only found near the periphery of the pluton due to the action of
faulting and intensive alteration (Ragab et al., 1993 and Abd El Wahed et al,
2002).

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 displays porphyritic texture
with quartz and perthite phenocrysts. The K-feldspars are represented by
micrecline perthites of the patchy (Fig.2f) and string types. Plagioclase crystals
(Fig.2g) are present as euhedral crystals along the mutual contacts between the
guartz and K-feldspars.

GEOCHEMICAL CHARACTERISTICS

Twenty-five samples (11 from Delihimmi, 6 from Um Shaddad and 8 from Abu
Tiyur granites) have been analyzed for their major, trace and RE elements and
presented in table (1). The analyses were carried out at the laboratories of the
Nuclear Materials Authority, using wet chemical techniques (Shapiro and
Brannock, 1962} for major oxides and XRF spectrometer technique for trace
elements. The REE were analyzed by the ICP-MS in the ACME Labs.Vancouver,
Canada for 24 samples. In the following paragraphs, the geochemical
characteristics, magma type and tectonic setting of the studied granites are

discussed.

Comparing the average of the studied granites (Table 1) shows that
Delinimmi granites exhibit high contents of MgO, CaO and Sr and low contents of
Si02, Nb, Zr, Y and LREE compared with Abu Tiyur and Um Shaddad granites.
Also, the samples of Abu Tiyur exhibit high Zr and low Sr, compared with other

!

granitic rocks.

Cox et al. (1979) p'roposed a chemical classification of igneous rocks
using the relationship between Na,0+K,0 and SiO, as shown in (Fig.3a). The
figure shows that the studied granites plot within the granite field. The figure also
shows that the studied granites plot in the subalkalic field of Miyashiro (1978).
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The binary relationship between Eu/Eu*-Sr (Fig.3b) exhibit increasing
behavior from Abu Tiyur, Um Shaddad to Delihimmi granite indicating that they
are magmatically related.

Sylvester (1989) diagram (Fig.3¢) indicates the alkalic to highly
fractionated nature of the studied Um Shaddad and Abu Tiyur granites but a
normal calc-alkaline nature is observed for the granites of Delihimmi.

Whalen et al. (1987) discriminated between two groups of granitoids with
different tectonic settings by utilizing the relation diagram between (Zr+Nb+Ce+Y)
and (K,O+Na,0)/CaO (Fig.3d). It is noted that most of the studied Delihimmi
granites plot in the (M-, S-, and I-types) field while the Um Shaddad and Abu
Tiyur granitic rocks  plot mainly in the A-type granite field.

The spider diagram of the studied granitoids normalized to a hypothetical
oceanic ridge granite (Pearce et al., 1984), Fig. (3e) indicates enriched LILE and
HFSE for Abu Tiyur and Um Shad dad granites except Zr and Yb which are
depleted. On the other hand, Delihimmi granites exhibit enriched LILE (K20, Rb
and Ba) and depleted HF SE except Nb and Ce which show enriched behaviors.

The tectonic setting under which the studied granites were formed can be
detected from the relationship between (Nb+Y) and Rb (Pearce et al., 1984) (Fig.
3f) which shows that the Delihimmi granites plot in the VAG field while Um
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Shaddad and Abu Tiyur granitic rocks plot in the WPG field, while they lie in the
field of post-orogenic tectonic environment of Pearce (1996) suggesting cogenetic
relationship.

RARE EARTH ELEMENTS PETROGENETIC MODELING

The origin and evolution of igneous rocks using REE is based on Kd (distribution
coefficient) in quantitative models indicating differentiation and/or partial melting.
The Kd's for a given element are dependent on the temperature and composition
of the mineral and melt. Gast (1968) and Shaw (1970) suggested the theoretical
derivations of guantitative 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 assumed
to occur under equilibrium conditions.

The calculations of the following models for the origin of the studied
granites were carried out using the basic computer program (NEWPET 1994), the
mineral/melt partition coefficients of the REE were taken from Arth (1976) for
dacites and rhyolites quoted in Rollinson (1993) (Table 2).

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 overlying 10 km dioritic middle crust
above a 10 km gabbroic crust (Jackson et al., 1984). '

The patterns of the rare earth elements normalized to chondrites using the
values of Boynton (1984) are shown in (Figs. 4a, b and ¢) for the studied
Delinimmi, Um Shaddad and Abu Tiyur granites. They reflect a fractionated
magma enriched in LREE and depleted in HREE patterns with a small to
moderate negative Eu anomaly. Abu Tiyur granites 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.

A-Petrogenesis of Delihimmi granites from the bulk Continental Crust
source materials

The suggested modal mineralogy of the source is: 60% plagioclase, 15%
hornblende, 8% biotite , 5% quartz, 5% potash feldspar, 3% clinopyroxene and
2% ilmenite, and it has the REE abundance similar to that of the average of the
bulk Continental Crust (Taylor and McLennan, 1985). At 40% degree of non-
modal partial melting with major contribution of plagioclase and hornblende to
the liquid composition followed by 35% crystal fractionation involving separation
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. 4d), (Table 3). The calculated remaining
source compositions after 40% partial melting is: 60% plagioclase, 11.3% biotite;
9.6% hornblende, 6.3% for potash-feldspar and quartz, 5% clinopyroxene, 1.3%
ilmenite and 0.5% apatite)
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Fig.( 2 ): a-Biotite flakes associated with Qz and plagioclase, Delihimmi granite, C.N.,X=60;

b-Euhedral sphene crystal associated with Qz and micas, Delihimmi granite,C.N.,X=120 ; c-Well developed apatite
crystal, Delihimmi granite,C.N.,.X=120 d-String perthites associated with Qz, Abu Tiyur granites,C.N. X=60; e-
Zircon crystal enclosed in Qz, Abu Tiyur granites,C. N. X=120; f-Patchy perthites associated with Qz and zircon, Um
Shaddad granite,C.N.,X=60; g-Plagioclase crystal in between Qz and potash feldspar ,Um Shaddad granite,

C.N. , X=60.
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TABLE (1): MAJOR OXIDES (WT%), TRACE AND RARE EARTH ELEMENTS (PPM) OF THE STUDIED GRANITES

Sample no. 1 2 3 4 5 6 7 8 9 10 11 Ave.Del
N=11

SiO; 7451 7420 73.85 7379 7211 7446 7438 7417 7401 7383 7355 7434
TiO: 0.21 Q27" 027 0.26 026 021 023 021 023 023 024 021
AlO, 1298 1274 1317 13.06 1401 1298 1290 1293 1304 1264 1296 1297
Fe;Oy 1.92 245 | 297 2.56 235, 210\ 234 212 238 233 250 212
MnO 0.05 004 0.04 0.05 0.05 003 004 004 004 004 004 004
MgQ 0.42 043 044 0.36 053 029 028 025 029 028 030 0231
Ca0 1.36 1.20 1.63 1.21 1.74 098 158 126 132 123 134 1.2
Na,0 3.71 344 370 373 410 351 389 343 361 368 360 3.71
K:0O 3.95 379 394 353 3.54 446 341 464 431 452 444 404
P20s 0.05 0.08 007 0.05 006 007 003 003 006 005 005 005
L.O.l 0.80 080 070 1.00 1.00 070 080 070 050 120 090 084
Total 100.00 9951 10004  99.71 9983 9987 9995 99.85 99.85 100.10 99.99

Trace

Elements

(ppm)
Nb 1320 1060 1530 1550 1450 1130 1190 11.10 11.80 11.10 1280 13.10
Rb 14670 8140 137.80  67.00 15050 9300 7390 89.50 8810 89.20 90.90 116.30
Sr 92.90 12160 11570 12750 9550 9510 113.10 10540 10270 102.9¢ 113.60 93.90
Zr 13500 17760 13550 22210 12670 208.30 223.50 190.90 222.40 208.50 201.00 175.50
Ba 324.00 526.00 42400 953.00 299.00 696.00 465.00 583.00 560.00 578.00 540.00 47415
o 25.00 2220 43.60 3470 36.90 2880 31.60 30.30 30.00 3010 3330 32.12

REE (ppm)
La 2350 31.10 2460 3240 1740 6190 4280 4770 51.60 4510 73.70 41.07
Ce 4500 8640 5530 67.40  39.70 127.20 90.90 101.30 10650 96.30 155.00 88.30
Pr 584. 735 6.20 7.51 442 1321 987 10.72 11.56 1056 16.92 9.50
Nd 2280 2780 2480 2850 17.90 4760 37.70 3930 4230 3940 6050 3530
Sm 5.20 510  6.00 6.40 470 800 700 720 760 760 1020 6.82
Eu 0.66 103 089 1.57 062 133 . 139 135 128 123 144 118
Gd 5.19 425 598 5.70 495 550 574 549 573 561 6.81 5.50
To 0.87 066 1.06 0.94 082 08 091 087 08 087 103 090
Dy 6.00 424  7.29 6.07 576 538 592 569 580 582 674 5.90
Ho 1.24 0.79  0.41 1.21 118 09 109 105 106 104 118 1.02
Er 4.06 257  4.48 3.73 385 309 334 324 324 325 369 350
Tm 0.59 0.3¢ 065 0.51 055 039 043 041 041 042 045 047
Yb 4,54 257 488 3.79 418: 287 322 309 312 FM0 328 350
Lu 0.73 0.40  0.75 0.60 069 044 048 047 048 049 049 060

Note: Totaliren as

Fe,0:=Fe,0;'

samples from 1-11=Delihimmi granites ; 12-17=Urn Shaddad:
18-20 Abu Tiyur type (1) and 21-25 Abu Tiyur (type 2) granitic rocks.



fo%ad=f0%a4

SE uoll |10 :ejoN

ZvL M8l 291 85k 8EL Teh  90) 'k OFL 260 6SZI GSLk 091 180  #Fl 22 m
886 LL'6 09°0L LOOL 686 ZI'6 E€OL V6L ¥TL ¥6'S EL8  ¥SL BELL vPS /0L 06'8 QA
SFE  ¥EL S9L 6¥L. IFL 0L 60 ghl - 260 £9°0 081 Zok ort elo  go [ T
986  Z0'ML ¥EEL E¥LL 8SE G666  18L  L¥OL €19 8O Z90L G9L 6Z¥L £8C  Zewl 18’01 13
08t €8 €SP 85 2ZBE GSI'E 86T B0 S9T [ZT 8GE ¥ST Y 8L Gbg LVE  OH
EL6L €'l Iv'eZ zz8l L00Z 69'GL 908 GSGZ 19'Sh 282L 2Z6L OSEL OVSZ €20L E£LZe 6z9L Aa
¥6Z IWE E€EE 99Z 80E 0ZZ 20 Sy 892 902 QL€ $0Z €8f 09} 8IS 87 qL
8yl 9161 6191 GE¥L 61'9) 06'0L G502 LL'EE S0OL 0SZh L8 [ZML OLLZ 856 LOZE LIEYL PO
980 9L'L 880 L0 160 6S0 6FP 9. BLE B85Z EI'E LT L0Z 62T 959 0z n3
98yl 066l 08'YL 06EL OF'SL 0E0L 0992 0S8 OV¥2 069L O0SLZ 0ZSL O00EZ OLPL  ObSE 0z8L ws
0y QEv9 O06'tr OSEr OL'vr O0L'ZE OLLEL 098l CO'0SL 0L8. +2'96 0ZLL OVEL O9F8 OL¥hl 0620 PN
€90l €L'SL 61°0L 8LOL OFOL 818  8¥LE O0BZy 8YZE GL'6L [EEZ SCBL ZZ9OL 90°ZZ 6SZE a4 TAN
0,08 OLGLL 0Z'+B OLOL OLBS 02'%9 LOODZ OLBZZ 0S'80Z 09291 00'SOL 0Z'ZLL 02°LZ) OE'Z6L 0S'9SL 0ZLLL 8D
092 0T/y OVOE OL0E 0L8Z 009Z L2'9ZL 0.98L O¥22lL OZLL 95'88 OLF. OvSH 08'88 00CEl 06004 ©1
(wdd) 33y
¢L'L0L 0L'Z0L 0S'ZZ} 06'80L 02Ol 0698 €09L 0S86 062. OL95 OL09F 091Z 0S9ZL 0805 O06Z6I 093y 0966 A
08'2z 00°0E 00Z€ 00'kZ 000E 00'9Z 00'¥60L 00'9LEL 00096 00'9¥6 OE'LZ9 00'8LL 00Z¥h 00'CPS 000Z8 00°80S 00L68 BS
81’82 05'S¥Z 02297 OL'IZE OE'LSZ 0Z'¥6Z €96LY OEOEP OV'LLO OZLGE QL'6ES 09'S6Z OLLYE 0¥ 28 O0L'SEZ 06'Lik Ob'OSE  JZ
v0'9 06’8 O€v O0LL 06€ 009 0042 0L22 OF8L 06'LZ 099E 0S'8F 069 0SS 0ZZS 086 089y IS
Y286 0e'Z6 00'¥0) 08°00L OV'.6 096 0S8F OE'LS 080 OVES OFO08 08'ZL OL'SE OFL8 O0L06 O0Z.9 0608 g
B6¥S OZvS 00®S 06'95 0S0L 0EOF OZEP 0B'Or O0C6F OVES OE'L¥ OCEP 0ZOL 09'EE 0ZOE 0SSS O8by ON
(wdd)sjuaweaja | 9oel]
€666 €966 Z¥66 €166 €966 9866 BS66 0S66 OF66 OL66 65°66 B8€66 ¥.L66 0066 0666 0666 [EIOL
¥S0 00 090 0S50 O0LO0 050 €b0 Ov0 O0b0 0S50 0S0 O00L 090 090 OF0 080 080 TO7
SO0 100 S0 100 200 #00 €00 S00 00 00 €00 #00 900 €00 $OO LOO 00 SO
¢y Ly¥ ZLY Z0Y ESF 0T¥  LL¥ ¥ 98¢ SE€v 8SF HSF L'y S8F 65F 99F ZLV O
LV yzy 90V LIy 0ZF PV EFE LWE L2 2€¢ OVE GEE 6L¢ 662 8Z€ 6LE ZL'E O%N
420 €80 820 920 ¥Z0 9Z0 Si0O LI'0 610 SL0 980 9.0 #Z0 BED 980 20 710 OBD
€00 S0'0 200 lO0 €00 €00 GO0 ¥00 600 €00 #00 #OO0 200 $OO SO0 200 00 OBW
00 00 €00 100 100 00 200 200 200 00 200 €00 200 200 200 €00 LOD OUuW
OFE OERl 9FL IR STl STLs 6eT S¥Z ¥5C 8LL ¥0ZT €LT 661 0L Gl 06 89Z fOred
ELLL gozh 9UHE 8SHL S O¥LL  S80L  6ELL 6KOL 990L OFLL 89LL LELL OLML ZGLL GTLL bzl 0%y
000 800 800 100 00 900 910 60 LL'0O E€L0 SL'0 S0 0O FLO L0 ZVO L0 oW
E0'LL [6GL €9'8L 80LL 8SLL 06'ZL 06LL  699L LE'SL 698L WOLL LISL ZLLL bULL VL. ¥LL L. OIS
9=N
G=N £=N peus ou
W Sz vz €7 4 1z LAY 0z 61 8) eny Sl aL SL i £l zL  odwes

seueib paipnis sy3 Jo (udd) SiusWa]s ypes s1el pue a0el) (o M)SSpiXo JOfepy {000 | ) Sja5 ]



Abd El Wahed et al.,, PETROGENETIC MODELING -

b)

(Al203+Ca0)(FeOy+NagO+K20)

(MaCHEDH P

.5

15

0.5

d)
T : ST T T v T
18 4 .
" A R Alkalic 100 | |
- LE y syenits . = “ o
1z - /’( BN ,.' : = o
P i Y=~ Syenite 7N o ° El.
ol i 5 < Syenits e “% 2 g 1
P A o, Alkall granite = L
i ; : % [

R 10 b . _
yEess | diorite e E.-_ 1o O ¥ A-type ]
A ML o Diarits !rgmd:nm- ! L ?-4 00 b

“- . 4 i
i e ] Subalkalic 5| ost 1
o o "
d
L] i A i ;
ao 5o 0 0 = N "
SO, (wA%) 1 e
100  Zr¢Nb+Ce+Y (ppm) 1000
8)
v v T T : 100
1 EA‘
o
b S Cm® { = ©
- ® i s, &
E c1 g : T
1
=
o2 © 1 8 € =2 & 2 &
= -]
= 2 E s M
3 1, e o0
- *
[
L . L .
[ [ F] .:a L] LX) 1 1.2 om
Eu/Eu*
f)

1000

Mormal ealcaliaiined strangly persiuminous A0

(8}
Fo(pam)

= 2 Alkall 3 b 3
hby fractiznated e ;
:!sm VAG
i 1 1
0 5 10 ; / 15 20
100°(Mg+FeO¢+TIO)/SIO7 S 200 1000
Y+Nb (ppm)
Fig.(3):

a- (Na;0+K;0)- SiO; chemical classification diagram of the studied granites (Cox ef'al.,, 1979), the curved solid
line subdivides the alkalic from subalkalic rocks (Miyashiro,1978).
b-Sr-EW/EU* diagram.
c- Sylvester (1989) diagram of the studied granites.
d-Discrimination diagram between OGT, FG and A-type granites (Whalen et al., 1987).
e- Spider diagram normalized to ORG of the studied granites (Pearce et al., 1984).
f-Tectonic discrimination diagram of the studied granites (Pearce et al., 1984). The field delineated by dashed
line includes the post collision granites (POG) based on data from Pearce (1996).
cDelihimmi granites.
«Um Shaddad granites.
o Abu Tiyur (type 1) granites.
X Abu Tiyur (type 2) granites.
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Table (2): Mineral/melt partition coefficients (Kd) for dacitic and rhyolitic melts

Element Pl Hb. Cpx. Bi Qz  K-feld.
La 0.38 - 1:41 @b 0.015 0.08

Ce 0.24 .889 0.5 0.037 0.014 0.044

Nd 0.17 2.89 1.11 0.044 0.016 0.025

Sm 0.13 3.99 1.67 0,058 0.014 0.018

Eu 2.11 3.44 156 0145 0.056 1.13

Gd 0.9 548 1.85 0.082 - 0.011

Dy 0.086 6.2 1.93 0,097 0.015 0.006

Yb 0.077 4.89 158 0.179 0.017 0.012

Lu 0.062 4.53 1.54 0.185 0.014 0.006 1.2

P[=F$giuciase; Hb= Hornblende; Cpx= Clinopyroxene; Bi=Biofite; Qz=Qu

fim=ilmenite; Zr=zircon and All=allanite

lIm.
1.22
1.64
2.27
2.83
1.01
2.63
1.47

zr
16.9
16.75
13.3
14.4
16
12

" 101.5

257

_ 6415 33
artz, K- feld.=K-feldspar,

_ Al

2594
2278
1620
866.5
111
136.5
30.8
33

Table (3): Initial and calculated concentrations resuited from partial melting and fractional

crystallization processes for the studied granites

Element 1 2 3 4 5 6 7 8 8 10 11 12
La 16 30 165 9 525 84.8 53 38 41 888 126.8 326
Ce 33 64 578 88 195 318 106 90 88 165 200 807
Nd 16 26 234 355 81 133 398 464 35 96 131 457
Sm 35 45 46 6.9 14 231 677 11 68 21 266 149
Eu 11 0.88 075 097 1.17 13 095 1.1 1.15 3.13 449 086
Gd 33 38 299 45 112 185 59 138 55 188 2055 15.48
Dy 37 35 42 63 112 181 55 12 59 195 181 197
Yb 22 22 281 41 69 104 388 94 35 87 7 9.88
Lu 03 032 04 06 1-° 14 058 14 06 12 106 142

{=Initial bulk continental crust concentration (Taylor and McLennan, 1985).

2- Initial upper continental crust concentration (Taylor and McLennan, 1985).
3=Liquid concentration resulted from 40% partial metting of bulk continental crust source.
4- Liquid concentration resulted from 35% fractional crystallization to generate Delihimmi granites.
5- Liquid concentration resutted from 30% partial melting of upper continental crust source.
crystallization to generate Um Shaddad and Abu

6- Liquid concentration resulted from 40% fractional
Tiyur (type 1) granites.

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

8-Liquid concentration resulted from 60% fractional

granite,

9-Average of studied Delihimmi granites.

10- Average of studied Um Shaddad granites.

11- Average of studied Abu Tiyur (type 1) granites.
12- Average of studied Abu Tiyur (type 2) granites.
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Fig.(4):
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 of Delihimmi granites from 40% non-modal partial melting of the bulk continental

source materials followed by 35% crystal fractionation.
e- REE petrogenetic modeling of Umr Shaddad and Abu Tiyur (type 1) granites from 30% non-modal partial

melting of upper continental source materials followed by 40% crystal fractionation.
f- REE petrogenetic modeling of Abu Tiyur (type 2) granites by 50% partial melting of upper continental source

materials followed by 60% crystal fractionation.
Symbols as in figure 3 3

B-Petrogenesis of Um Shaddad (5 samples) and ABU TIYUR (TYPE 1) (3
samples) granites from the upper Continental Crust Source Materials

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 McLennan, 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 zircon will give a
best fit to the observed REE pattern of this type of granites as shown in (Fig. 4e)

1
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(Table 3). The calculated remaining source composition after 30% partial melting
is: 45% K-feldspar, 44.3% quartz, 5% plagioclase and 5.7% biotite,

C -Petrogenesis of Abu Tiyur (type 2) (5 samples) from the upper Continental
Crust Source Materials

The suggested modal mineralogy of the source is granitic in composition: 60%
potash feldspar, 39.5% quartz and 0.5% apatite together with the REE abundance
similar to the average of the upper Continental Crust (Taylor and McLennan,
1985). After 50% degree 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, as
shown in (Fig. 4f) (Table 3).

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

1-Gabal Delihimmi (140 km?), Gabal Abu Tiyur (30 kmz} and Gabal Um Shaddad
(17 km?®) are three granitic masses intruded into older metavolcanics and

metasediments located in the Central Eastern Desert.

2-Petrographically, Delihimmi granites are composed of orthoclase perthites,
quartz, plagioclase and biotites whereas Abu Tiyur and Um Shaddad granites are
composed of microcline perthites, quartz, plagioclase and minor biotites.

3-Geochemically, Delihimmi granites exhibit high MgO, Ca0O and Sr and low Si02
"Nb, Zr, Y and £REE compared with Abu Tiyur and Um Shaddad granites. They
exhibit the characteristics of normal calc-alkaline, strongly peraluminous;
unfractionated I-type granites while Abu Tiyur and Um Shaddad granites exhibit
highly fractionated A-type characters. The studied Delihimmi, Abu Tiyur and Um
Shaddad granites were emplaced in a post-orogenic tectonic environment
suggesting cogenetic relationship.

4-The normalized REE patterns of Abu Tjyur and Um Shaddad granites indicate a
more fractionated pattern compared with Delihimmi granites.

5-Rare earth elements petrogenetic modeling indicates that Delihimmi granites
can be produced by 40% non-modal partial melting of bulk continental source
materials followed by 35% crystal fractionation. Abu Tiyur granite (type 1) and Um
Shaddad granite 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.
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