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ABSTRACT

The granitoid rocks of Gebel Abu Murrat area are classified into
three rock suites including; Old Granitoid, Phase IIT and I Younger .
Granitoids. The former constitutes the country terrain of the younger
rocks. It has a granodioritic composition, a calc-alkaline nature and
was developed under a compressional environment. All characteristics
of the Old Granitoid support its classification as I-type granite, and
the REE patterns are comparable with the models involving partial
melting of amphibolite.

Phase I Younger Granite constitutes the main rock type of the
study area and its emplacement was stucturally controlled by pre-
existing fractures. 1t is represented by alkali-feldspar gramite and
shows alkaline affinity that intimately related to the extensional
environment. The rock displays many common characteristics with
the A-type granites.

Phase III Younger Granite is a monzo- to syeno- granite and
shows a transitional aspects between the Old Granitoid and Phase I
Younger Granitoids. However the majority of them confirm its
tendency towards the latter and their similarities suggest a common
source material. They show many characteristics equivalent to the
high heat production (HHP) granites. Their origin comprising an
evolving rift system which caused widespread heating and partial
melting of crustal material comparable with Old Granitoid.

156



Delta J. Sci. 19 (2) 1995
Abdel Ghani et al.

that these rocks in general are linked with each other by a systematic compositional

evolution.

PETROGENESIS AND CONCLUSIONS
The granitoid rocks of Gebel Abu Murrat are classified according to geological,
petrological and geochemical aspects into three rock suites including Old Granitoid,
Phase III and phase I Younger Granitoids.

The Old Granitoid is more intermediate (compared with the Younger Granitoids)
metaluminous and has a granodioritic composition. it displays a calc-alkaline
differentiation trend, formed under compressional en\;ironment, and contains abundant
xenoliths. These characteristics support its classification as I-type granite (Zhao and
McCulloch, 1995). The REE patterns of the rock are comparable with the models
involving partial melting of amphibolite (Arth and Barer, 1976; Arth et al., 1978 and
Sengupta et al., 1983). These patterns show decreasing of the total REE and increasing
positive Eu anomaly as would be expected if hornblende fractionation was operating
to produce their meits. More specifically, we propose that fractionated parts of the
LREE -enriched island arc type amphibolite would be the best candidate as a source
of the Old Granitoid. The amphibolite yields Nb depletion (Fig.11) and shows the
characteristic LREE - enriched patterns as required for the granite source (Zhao and
McCulloch, 1995). The field observation shows abundant amphibolitic xenoliths within
the rock and displaying variable degrees of assimilation. Similar conclution have
been previously achieved by El-Ramly and Akaad (1960) and Akaad et al. (1973).

The younger alkali-feldspar granite (phase 1) displays many common
characteristics with the A- type rocks as defined by collins et al. (1982); Jackson et al.
(1984), Clemens et al. (1986); Wallen et al. (1987) and Eby (1990). It is true granite

according to Streckeisen classification, it occurs in anorogenic setting as high level
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intrusion, formed from high temprature, H20 undersaturated completely molten
magmas; Ca-poor, metaluminous, has high K20+Na20/A1203 and marked by a
rather flat REE to somewhat HREE- depleted patterns (Fig.13).

The syemo- (monzo-) granite (phase III) commonly displays a transitional
geological, petrographical and geochemical characteristics between the Old Granitoids
and Phase I Younger Granitoids. However, the majority of these aspects, especially the
REE geochemistry support its tendecy towards the latter .In fact ,the similarities of the
two phases of Younger Granitoids suggest their common source material. The
comparison with the average upper crust (Fig.14) suggest that it is very unlitely that
they were derived from mafic igneous source. The most likely source material is
therefore inferred to be upper crustal or granitic composition , such as the pre-existing
Old Granitiod. The Younger Granitoids (phase Iand III) show variable intensity of Nb
anomaly. Such aspect canmot be attributed to either partial melting or crystal
fractionation processes due to the lack of suitable phases to retain Nb during granite
generation (Zhao and McCulloch, 1995). This Nb depletion must be a common
signature in upper crustal materials. This observation implies that these granites must
be derived from a source with inherit depletion in Nb as what has been noticed in the
Old Granitoids.

Similar to the high heat production granites (HHP), the Younger Granitoids are
rich in LIL- elements, espccially , Ba, K, Th and U and show similar REE patterns (flat
patterns with marked negative Eu anomalies). Typical to the HHP granites, they post-
date major deformation and intrude late- (phase III) to post- (phase I) orogenically at
relatively shallow depths either as evolved calc-alkaline at destructive plate margins /or
as metaluminous alkaline rocks in post orogenic setting (e.g anorogenic rifi-zones,
Plant et al.,1985).
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The origin of the Younger Granitoids in Abu Murrat area comprising an evolving
rift system as described in Condie and Budding (1979). This model calls upon one or
more mantle plumes which caused widespread heating and partial melting the lower
crust producing large volumes of granitic magmas. Some of these magmas were
emplaced directly (phase 1II), while the other underwent shallow fractional

crystallization prior to emplacement (phase I).
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INTRODUCTION
Gebel Abu Murrat area is dominantely covered by Late Proterozoic Old
Granitoid, Phase III and I Younger Granitoids arranged from older to younger. This
area was mapped by Sabet et al. (1972) who divided the granitoid rocks into Older
Synorogenic tonalite-gmnodiorite—adamellite rocks and late-orogenic pink-granite. They
(op. cit.) concluded that the adamellites represent clearly a transitional phase or
linkage between the granodiorite and the pink granite.

The Younger Granitoids were classified by many authors (e.g. E1-Gaby, 1975;
Sabet et al., 1976; Akaad et al., 1979; Greenberg, 1981; Hussein et al., 1982; El-
Shatoury et al., 1984;and Noweir et al., 1990. The classification of Greenberg (op.cit.)

is adopted here.

The present study deals with the geochemical characteristics of these granitic
phases with special emphasis on the trace and rare earth elements geochemistry. The
integrated constraints will be used to better constrain the origin of these rocks.

GEOLOGICAL SETTING AND PETROGRAPHY
The geologic setting and petrography of the granitoid rocks of Gebel Abu Murrat
area have been given previously by Sabet et al.(1972), therefore only a brief summary

is given here.

The Old Granitoids constitute the country terrain of the concerned Younger
Granitoids (Fig.1). They form a relatively low land which have a light grey to slightly
pinkish colour and sometimes display the gneissose structure. “The rocks contain
abundant amphibolitic xenoliths which have varying shapes and sizes, and showing
variable degrees of assimilation. These Old Granitoids are in places intruded by Phase
I alkali granites which send apophyses, dykes and pegmatitic veins cutting through

157



Delta J. Sci. 19 (2) 1995
Abdel Ghani et al.

F Younger Granitolds

X Alkali feldspar granftes

+  Syeno- & monzo-granites
 Older Granlioids

A Granodlorite

an

Fig.5. AFM ternary diagram. Compressional and Tensional trends
after Petro et al., 1979, CA is the calc-alkaline trend of Sierra-
Nevada batholith (Carmichael et al., 1974),

8ioe2
B S gt SR e, T e e e e S ;
!
78 eV #
N ¥ B /
70 ,' \ ,/ /
Calc-slkaline ] -H\IM . 4
/ ,Alkullno /
65 |- / i / 7 P
/ J Y P er-alkaiing
60 o/ g4 T
//x' ot
3 7 >
g5 P -~
- e -
//// //
502 T i e I S T
1 ) 10
A.R.

Fig.6. Alkalinity ratio (A.R) - Si02 variation diagram (Wright, 1969)

175



Delta J. Sci. 19 (2) 1995 .
Geochemistry and Petrogenesis

Al203/(Na20+K20) (molar)
20

Hetaluminous Peoreluminove

24

L)
b
ey

y

0.4 .
08 1 1.8

Al203/(CaQ+Na20+K20) (molar)
ig.7. Al2OJ/Ca0+Na20+K20 vs AlZ0INa2O+K 20 molar variation diagram.

08

2

Na20
7 I+ & 3= lypes efter Whila and Chappis (1983)
A= type alter Liew ot al. (1989)
8}
abd “+
+-ﬁ} G+ X
5 b
I-type
4
at
2 L
1 2 6
K20
Fig8. K20 vy Na20O vartation diagram. e
A
‘> Or

Fig. 9 Normative Qz-Ab-Or ternary diagram (Tuttle and Bowen, 1958).

176



Delta J. Sci. 19 (2) 1995
Abdel Ghani er al.

od FeO®
a
.3 a
o.r
.
L3} ‘5
"
i s
(2] -0 (1] kil % [
80z
.
v
. Lo
& I 13
.e

802
MgC
-~
.
.
N 4
;
]
1 tag
- Xy B
G D R .
] o0 0 b ™ LI}
80z

Hero

7[\\§~) (¥

X
.
@B

|
o K. .

¢ » 2‘ (X}
X} 9

Younger Granliolds
X Alkall feldspar grantics
+  Syeno- & monzo-granites
Older Granitolds
& Granodiorite

&
& i e
! S w
——— R
0 e 18 [ ]
8oz
= 7
L .

. !
R
. s % .
rn,{

e e
[ o8 7 " (1]
8102
x
s
.
£l )’.’
i
L e
a

Fig1 0Si02 - versus major clements,

177



Delta J. Sci. 19 (2) 1995
Geochemistry and Petrogenesis

40 Y lvom)
0 L o S
¥ [
" . 100 A
30 u
L0
.
ot < B % 50
a9
w0l x 2 .
n
x % 20 "; P
l"‘\t % -J
° v & v s 2 | FENIRENREN R e S
[} L [T} 1L ” 80 % a0 ] 70 i 2o
202 8102
0 tpomd B lpoa)
[} 00
* L2 a
N ; 790
‘s x
H] i €00
! .
800
® Py 400 : oty
2 i I 1 w x
“a :
a 300
. .
" M
100
. N T . ° L 4 * »
[ 20 03 ] ™ 20 [} 80 % 10 13 00
a0z 202
e Sl 8a (pom)
- 2000 ¥
(F] a
1600
)
1000 «
'y a¥ %
0 t %
~ i .
s - 200 L " x
A“‘
o
° " . . . P . N A
[ o0 o0 ™ 1 L) 80 %0 08 0 7 )
02 8102
Ab {pom) W lopm)
00 20—
4 IS
80 N Wt
* N &
- ki
80 % % S
* >
1 & "
. 10
00| + . -
o s =
10 % X
&
«
N Y AT DS — P
1 10 #0 [} [ i) 7 @6
% aic2

Fig.11a. SiO2 - versus trace elements.

178



Delta J. Sci. 19 (2) 1995
Abdel Ghani et al.

KARY
400 800 e -
4
-
800 o ae . "
. .
"
- a0 . "
200 - - P HE
L) 4 Ry
4+
100 Ol |
"N % 200
*
° " . 0 . "
* [ T e " ™ 80 o ) " o
8102 2Oz
™Y Caltv
] ()
- 4
28 o} * " b )
. "
¥ x 40 b4
. N ) 4 ¥ *
' e f
"
" &9
®
1 e
u
P .
®
08
L S R W R VU | T o 4
°0 ™ i " %0 ) 00 [ 0 " w0
802 8102
Rbror Abi
0.0 e e e “ _.i«,..--‘«—_____.___,....._..._-_.__.‘_u
e "
oA P "o
i Lo
0.4 & LN
N (X1
.
LX) O 04
ol . o
n L “
0 L " ax
86 o0 L3 T b6 L1 LU "W " L
a0 &0z

Fig1 1b. Si02 - versus trace elements,

179



Deita J. Sci. 19 (2) 1995 )
Geochemistry and Petrogenesis

Younger Granltolds
X Allall feldspar granltes
. Nb (pom) + Syeno- & monze-graniles
£

3 Older Granltolds
; A Granodiorite
L
100t WPaG - ORA
Y
r LY
4 x %
o a
10 f‘,« .
Wa - COLA - ORG '
1 1 2 i 1 4
56 80 86 70 75 80
Sio2
Ab {ppm)
1000 ¢
r wPa
100

%

+

TR
-4
>4
*:
X

E oRa
E
P - . R 1 L )
65 a0 66 70 8 80
Sio2

Flg.12. Discrhination diagrams of $102 vs Nb (3) and SIO2 vs Rb ()
alter (Pearce of al, 1984).

180



Delta J. Sci. 19 (2) 1995

Abdel Ghani et al.
Rock/Chondrite
1000 l,’:........_.. o emiebiie G4 sen. 4es sme et e e am cembeieee e so ae mmt
100t —=~ 466 (Alk. granlio}
C —— 441 (Alk. granite)
L - 406 (Alk. graniie)
; —£- 407 (Monzo-granite)
—A— 417 (Alk. grenite)
10} ~#%~ 470 (Monzo-granita)
b
1 | R S | L i 1 i L 1 L i L i ! 1 1

LaCe Nd SmEuGdTD TmYbLu

Fig. 13a. Chondrite normalized REEs patterns (Schmidt etal, 1963)
for younger granitoids (Phases I & I1I).

Rock/Chondriie
100

R 0

T

-¥- 410 (Old Granite)

\k\ ~¥- 401 (Old Granite)

~_
S /\\_ TR
s ~~-.)‘_\“(/.

10

T T T

A L A 1 ] 1. J i ] 1  § 1 o 1

LeCe Nd SmEuGdTD TmYblu

Fig.13b. Chondrite normalized REEs patterns (Schmidt et al., 1963)
for the oid granitoids.

181



Delta J. Sci. 19 (2) 1995

Geochemistry and Petrogenesis

(5861 ‘uBUUaTON pue JojAe]
o} Buipioooe sanjea uoliezijewsoujwelbeipiapids
1snso jejuauljuoo iaddn abessay/juawaly -Gy

5=N=U>>~N0wﬂazkamzﬁncﬂm—n.o
T T o &

T T T ¥ T Y

SINUEIS -oZUCW X -OUILG

o

7/ "
1194/15/&14141 b AU L

oL

182 7)) [MUSIVED Feddn BOLIAY IO

ug Uz M) A A JZ 98 &8 QN M @d N uL ay sg

T

7Y

-
b=
o

T . T Y T Y T

Splojjuetsy J3pI0

(R LN WO WS TYEY W W 10 S B
-
e

i >
8

(-]

3BNED [MUBEIUGD 18dd]] B5BI8MRY /13D,

a

Ug YUZ M) A A IZ °% % 9N N 94 N YL QY

v
Q
[~]

T L

sayjuess sedsplag (oY

. JYN W O S TTTRW W W .
-
o

£

19020 [mIuewIveD Ieddn ebeseay rTo0H

182



Delta J. Sci. 19 (2) 1995
Abdel Ghani et al.

<xapa] uoi}eImles euywaly =ISY =

| gz'0 920 90 1€°0 |er'c  60°0 g0’ Ir'0o TU°0 110 60°0 IT°0 o oy
zZr'e ¥Z°T T 1T L0°T 9o1°T €20 S0 ez'u €20 270 €1'60 €2°0 SZT'0 6170 il
- - b~ 9£°0 - Al I = - - - = - - & - - - 3
¢3°z £8°C ?m.ﬂ p6°T 81 gg-1 0€C €T go'z g0 1970 ggr0 1970 70 590 9,70 6L70 zz°0 W
- - - - i - - = - - - - - - = - - o 10
gg 0T LT°L T.o.ﬂ 16°T = L0 69T ITE gp'T (LETT LD .gz°t 890 %077 gz'1 6’1 8171 jagat LY
- - - - 1 - - & - - - - - = ® - - - an
6c°8 (56 +g°T L9°0 92T 66°C 961 G 89°1 - 6€°z ¥0°0 - - gp'0 $a°0 0170 69°0 - a
- - - - - - . yz°0 - Lz o = = - - = - - €070 g
9g-0T ¥T°OT {9T°L 7z1°¢ 8T TE'S 7,79 0€°6 09 0s's vz'z 29'€ ' gse 99°C 9g°z (8T WT oy
06°8% 0T 6% |F6 P gz Ly Ze'¥s 8Y'9F g6°Sy 16°LF GU°LD o01'Z¥ EL79F LETER gyTv 8T TP 9670 18°4€ £4§°9€ SGE6E v
¢9° 11 08°CT §2°1Z 81°1C ep-yz E0°EZ EVIC 78°12 12°0Z |0T°%2 ge vz £¥¥C ey £z veve ¥ LT 18°67 99°9Z S9°9C 0
(1} 284 16°S CANAS 7z°81 $9°21 oL LT 6S°8T g90°8T %1761 (6762 L§°T g5°6z 1L LE gL Lz 79°9C 69°0€ 6870L 4 s}
- - - - - - - - - - - - - - - - - - SuLIoN
¢z'z w°r (L1t 1z'c sg'e 6&LE 6T°E ¥S°E CC'E gg'e 28y 0¥ g9’ 6U'F E9'F gy 197 98'F R
L2°0  9L°0 z6°0 86°0 68°0 06°0 £6°0 00°T €670 10°1 £6°0 o670 6670 8570 8670 6670 (670 66°0 SISV
y9'L 6L §5°8 LO'6 #5°0T SE'6 £0's 1€ ~mm.m 006 L9°6 Y6 £¢g'g L£0°6 ZP'E gg's 088 6076
A +OZEN
££°00T 957 00T 60° 001 £9°66 yz 00T 927001 96 00T £6°00T ST 00T 08 66 L5001 677001 86766 ¥0700T 507007 T0°00T 07001 0L°66 1elel
(g el o|eve 180 6v'0 0970 ep-0 20T ELO w0 LE°0 O gp'0 6¥0 LZ°0 ps0 w0 PO 101
ge'0 6270 g0 €10 S0 o AN R y1°0 |90°0 #0°0 $0°0 SO°0 o0 Go'o 9070 50'0 S0°0 sozd
$6°1 &1°C |85E ye'c €1k 88L 19°'¢ L9°E 0%°E so'p Ty LU g6 8I'F €9V se'y 6vv  LPE oA
oL°s LL'S 1% £5°¢  1¥°° s Ty's  ¥I9S s5°s g6’y  ¥S'S 7y'g 88% G8'F ey Sbw TEY (428 ozeN
19°% 6L°% |ST°C TANY 8°1 10°¢ ooz Tl 88°1 8T°1 80°1 6L°0 171 6870 €L°0 L9°0 18'0 1870 oed
L' 2 A 4 16°0 880 £e°0 - €8°0C ig’a 16°0 68°0 5E°0 0E"0 SE°0 (z'e 2eto ze'o  0€°0 9 0 62°0 o5
st 9ro |Ire 60°0 G0'0 6070 7o 6T°0 1070 £€0°0 900 S0°0 zo'o 0°0 €00 yo-0 €£0°0 €00 O
06'% 09°F 19°1 860 180 g0 TvT 67T g0'T | £&°0 06°0 $8'0 82°0 650 g/"0 €40 990 £€°0 034
081 ¥6°T (12871 gg'1 Gz'1. 8'1L (61 €51 €61 05°0 Zy'0  L8°0 zy'0 €5°0 S¥'O 750 50 SI°O €oz=d
og°st 2s'st oy ST 26761 (LB'ET L1°61 6z 6T E¥'SE zi'cT ) 18°%T ¥ VI zz'%t Oy %l 08°El gg €T zi'gl TO'El 6Z €T £0ZTV
z9°t LT 19°0 €5°0 810 gs'0 850 950 190 |zT'0 €170 ctre o ¥L°0 070 gi'0 ET0 ot'o0 [{0]8 8
(p'es £9°09 1L°¢9 T899 09788 g9°89 0.°8% 6L°89 08°89| LL7TL BIEL 726°cL 68°€L 9U'WL 8T pL E1°GL TT'SL 6£°5L oS
p0i4 0t¥ 444 oLy -8EV L0V oy L9% 89% %44 wy LTY LEY 95¥ 90% 80¥% sy 91¥ ﬁ
fooe e o o
531jueIB-07Uul F Quaig soppaedd sedspla) IEHY
e ———
SpIeHUBED 2Funo
I“.’;%...!\(il!:x{z!‘i“ .\.\lll‘nl!lll..\l:‘l‘l.\:‘\:ll\llﬂllll\.\l\ll\l‘;ll. e T o = S

eanp QY 3G90 JO PMEA M 1D puE 51uued jaausfe fofejAl 1 3IqEL

183



Deita J. Sci. 19 (2) 1995

Geochemistry and Petrogenesis

184

€-0181 0 62L1|¥6°1S% ££°66€ ¥S 8IL 957865 90°£6E £9°00€ 9T LOW|0°¥SPT £1°LLB 16°2Z¥L L LTYT 6°LLTT 2H°099 SL°Ch 097067 $%'829| X / ©D
OL°€y ZZ LY |(B°Sv TG'6F ¥B'EE OT'WY 6p°0v 80°BE L¥'0¥ |SE°IZ T12°0C 0T°8T 90°€Z Lv'E€Z 61°€Z ¥8°LT ET°5Y 9£°1T |35 / ®D
= - 05°'z €0°Z LL°T €0°T L9°T LS°T 'z (€572 (1'T W1 LE'T 65'1 €L°1 8T'z 681 9671 n /4l
61°0 ¥1°0 |oz'0 020 (IO OE0 $z°0 Sg°0 12°0 |BL°O ¥8°0 LLTO 11°'1 £8°0 .12°1 69°0 €80 90°1 Iz / W
G0°0 G0°0 |[Tz'0 ®¥C0 610 0E°0 1z°0 9c°0 0Z°0 |L1°0 ¢€2°0 €Z°0 zz'0 0£'0 1¥°0 SPO 9970 LZ°0 {38/ W
18°€2h S6°60G|85 8Ty 9L 18y 9 S¥Y 90°ZE€ 86°H0V ¥G TLE T ¥EV|9T L8V 99°86€ £0°GL¥ L0°S6E OF"8Zp 8L LI¥ L6°Z9% 16°8€p 25792y | R / 3
- i 0Pt 09°E 06°€ o0L°E 0p°T 08°C 0z't¢ |06'T ov'z 0% 06T 06°C 09°Z O0%'E 09°t 0CT°C n
ocz 05z |os8 o0£L 06°9 0L79  O°S 0z'Z OLL |o8'%¥ 02°6 0Z°L 0S¥ 09°% 0S5°%y Op°L 089 07°9 uL
06°9 0. |0S'EL OZ'ET 086 08701 08°cT OT'6 09°ZT |08°%T O01°ST 06°Cl 05°9T 0¥°¥T 00°8T 08°CT 09°tT 0Z°6 qad
08°9 02°G |os€ orUE o€e 08Ef 0T 0z°'s 00°€ |0S'T 0S°Z 00°Z 60°T 00°¢ 08°'T 00°€ OC'E 0£°1 us
00°6 00°8 |00°6 0BG 086 06°S 0C°L 0z's 05y |05°F 009 00°8 08°9 00°G 00°L 059 019 06°E H
0s°TT 0%°0T |00°pZ 00°2C 00°%T 00°8T 00°6T 00°6T O00°€Z |08°9 066 OV'II 09°L 0Z°€T 09°L 06°T1T 08°el 0CT°6 N
00°Z0Z 00°257|00 6SE 00 80E 00 18Z 00°82€ 00°ZTE 00°S2E 00 $OE|00°E6 00°20T 00°E6 00°SL 00°86 00°9L 00°€TT 00°€0T 00°Z8 az
0281 08°61 |00°¥E 05°TE€ 09°8T 00°%C 00°9c 00°6Z O00°EE |08°'S 08°8 09°L 01°9 O¥'S 06°L 00°ZIT 08°11T 08°S A
007009 00°Z£S|00°2SL 00 115 0°€E0Z 007158 007908 00°T165 00°€99|00°856 00°L88 007669 00°%16 00°LIL 00° LSy 00°%9S 00°€6¥ 00°506 eg
00°$S. 00°62£|00°SEE 00°¥SZ 00°G6E 00°SZE 00°£SC 00°62Z 00°ZEE{00°S6E 00°ZBE 00°ZIE 00°SE 00°TLZ 00°5ZZ 00°ZLT 00°8CT 00°TCE s
00°88 00°GE |00°TL 00°19 00°LL 00°L6 00°%, 00°Z8 |00°S9 |00°69 00°98 00°ZL 00°t8 00°18 00°Z6 00°8L 00°G8 00°L8 et
00708 00°GL |00°0v 00°0% 00°0F 00°0% 00°0% 00°0% '00°SH [00°0F - 00°0% 00°0% 00°0% - - 00°0% - vz
J0°€S 00°6Y |00°8F 00°9€ 00°€Ey 00°Z¥ 00°2S 00°9F 00°8E [00°2E 00°%E 00°L¥ 00°GE 00°LE 00°SE 00°25 00°%S O00°E¥ ny
00°¢F 00°16 |09 0FP'G 08'E OL'E 0S'€ 09°G 08°C |00y 00°S -00°F 00°¢  00°6 O0L°S 00°% 00°9 00°C ™
00°BT 00°CT |0E°Z 08T OV'E OT'C 02'z 0S°z 02Z°Z |00°T 00°T 00°T 00°T 00°T 00°T 00°T 00°T - o)
00°ZTT 00°811|00°9T ©00°9 00°ZZ 00°S  00°CT 00°%2 00°Z {00°0T 00°%T 00°GT 00°S 00°SZ 00°8T 00°%T 00°CZT 00°£ 0D
00°86 00°£11|00°6Z 00°€Z 00°61 00°ZZ 00°9C 00°TZ 00°9Z |00°€T 00°L . 00°%¥T 00°ET 00°8 00°ZT 00°9T 00°IT 00°6 A
00°8 09°Z (00" ©00°S 05T 00°S 00°9 00°6 00°9 |0S°T 0S°'T 00°C 0€°T 02°T 0S'T 01°'CT 00°C 0L°T 25
0s'T 0Z°% |oL°E Ob'C 08T 0S°E 08°Z 06°C 0S°CT |0T°T 02°C 08°T 002 06T 02°T O¥Z 0z'e 061 =d
10 oT¥ 144 oLy 8Ly LOY 0% L9 89% vy we LT LEY 114 20% 80% 0S¥ oT¥
asopouca’) sayuesd-ozuow 1 -ovais sayuesd sedspia NEAY
spiojura) 13pj0
spicyuesn) 333uno §

|

-5§204 pIONTEAS PAPNIS 24) JO SISAEUB JuIWI[3 e, °Z AqEL



Delta J. Sci. 19 (2) 1995
Geochemistry and Petrogenesis

them. Moreover, at Wadi Abu Murrat, the Older Granitoids grade imperceptibly into
quartz syenites of Phase IIl due to the graditional increase of K-feldspars.

Under the microscope, the "Older Granitoids" are coarse to medium grained
porphyritic and are essentially composed of oligoclase (An 15-28), quartz, alkali
feldspar, biotite and hornblende., Allanite, apatite, sphene, epidote and magnetite are
the common accessory constituents. The alkali feldspars are represented by orthoclase,
nonperthitic microcline, and orthoclase cryptoperthite. The biotite flakes and associated
hornblende show parallel orientation producing a characteristic gneissose structure,
Elongated amphibolite bands are boundinaged into linear spindle-shaped bodies and
Scem to represent remnants of incompletely granitized metavolcanics (Sabet et al.,
1972) '

Phase IIl Younger granites are mainly syeno- to monzo- granites (Fig.2). They
show a relatively higher relief than the Younger Granites of Phase 1. They possess a
graditional or mixed contacts with the "Old Granitoids" (Fig.1). Sabet et al. (1972)
pointed out that these rocks Tepresent a more advanced stage of the formation of the
autochtonous "Old Granitoids", Moreover, these rocks sometimes display a graditional
contacts with the Younger Granites (Phase I). Therefore, this granitic phase can be
considered as a transitional or linkage rocks between the "Older Granitoids" and phase
I Younger Granites. The rocks usually enclose rounded to oval xenoliths which have

an amphibolitic composition.

Petrographically, the syeno-(monzo-) granite is commonly leucocratic with pinkish
to greyish tints, medium to coarse grained and commonly porphyritic. It is e§sentially
composed of K-feldspars, oligoclase and quartz. Biotite is the main mafic mineral
which usually in clusters, whereas muscovite forms aggregétes of radial crystals,
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Table 3. REE concenteration of the studied granitoids.

Younger Granitoids Older Granitoids
alkali-feldspar granite monzo-granite
456 441 406 417 470 407 401 410
La 36.00 27.00 21.00 26.00 {41.00 49.00|22.00 16.00
Ce 55.00 43.00 29.00 55.00|69.00 91.00| 21.00 24.00
Nd 15.00 17.00 9.50 34.00 | 29.00 45.00 3.00 10.00
Sm 3.60 3.12 2.25 7.50) 7.20 9.20} 0.70 2.20
Eu 0.60 0.55 0.70 1.%0| 1.40 2.20} 0.75 0.90
Gd 2.60 1.50 2.10 4.30| 4.50- 6.50 0.80 2.20
Tb 0.43 0.23 0.32 0.75{ 0.72 1.25| 0.18 0.25
Tm 0.19 0.01  0.12 0.30} 0.28 0.05{ 0.07 0.18
Yb 1.12 0.60 0.80 1.60} 1.70 2.70, 0.50 0.65
Lu 0.17 0.12 0.15 0.24} 0.33 0.55( 0.10 0.11
REE 114.71 93.13 65.94 131.59 [155.13 207.45| 49.10 56.49
La{n)/Sm{n)
6.56 5.68 6.12 2,281 3.74 3.50(20.63 4.77
Ce(n)/Yb(n) '
9.82 14.33 7.25 6.88) B8.12 6.74| 8.40 7.38
Tb(n)/Yb(n)
1.36 1.35 1.41 1.65| 1.49 1.83{ 1.27 1.36
Eu/Eu* 0.64 0.75 1.08 1.04| 0.78 0.92| 3.43 1.38
Ce/Ce* 0.88 0.84 0.78 0.87 1] 0.86 0.871 0.3 0.79
LREE 109.60 90.12 61.75 122.50 [146.20 194.20| 46.70 52.20
HREE 4,51 2.46 3.49 7.19 | 7.53 11.05| 1.65 3.38
LREE / HREE
24.30 36.63 17.69 17.04 }19.42 17.57|28.30 15.40
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Opaque minerals zircon, sphene and apatite are the common accessories. The K-
feldspars comprise microcline, orthoclase and microperthite which are usuaily occur

as phenocrysts.

Phase 1 Younger Granites are equivalent mainly to the alkali feldspar granite
(Fig.2) which constitutes the main rock type of Gebel Abu Murrat massif. These rocks
form the highest mountainous relief and are characteristically elongated in the NW-SE
direction. Sabet et al. (1972) concluded that their emplacement might have been
structurally controlled by pre-existing fractures. The granites usually display sharp
intrusive contacts, however in some places they possess graditional contacts with the
syeno-(monzo-) granites Few amphibolitic xenoliths are less commonly encountered
in the alkali feldspar granite which show linear arrangement. This alkali-feldspar
granite is leucocratic, coarse to medium grained and uncommonily porphyritic. It has
red , buff and pinkis white colours. The rock is essentially composed of alkali feldspars
{orthoclase and microcline), which may form phenocrysts, and quartz. plagioclase
(An7-13), brown and green biotite are subordinates, whereas muscovite and hornblend
are relatively rare. The mafic minerals are usually associated with accessory grains of

apatite, zircon, epidote, sphene and opaques.

CEOCHEMISTRY OF MAJOR AND TRACE ELEMENTS
Major and 19 trace elements of 18 samples of the granitoid rocks of Gebel Abu
Murrat area are given in Table 1 and 2. The analyses were determined by X-ray
fluorescence technique at the Mining Institute, Saint petersburg, Russian Federal
Republic.

The normative feldspar triangular diagram (Streckeisen, 1976) shows that phase
I is alkali feldspar granite to syeno-grantie and phase III is syeno- to monzo-granite.
The Old Granitoids, however, have a granodioritic composition (Fig.2) These threefold
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classification can be also deduced from the chemical classifications of Streckeisen and

Le Maitre (1978) and O’Connor (1965) given in (Figs.3 and 4).

On the AFM diagram (Fig.5), the alkali feldspar granite is plotted very close to
the A comer due t0 its alkaline affinity that intimately related to the extensional
environment of Petro et al. (1979). The older granodioritz is located inward reflecting
a calc-alkaline pature which was developed under 23 compressional environment.
Moreover, the syeno- (monzo-) granite is found at the felsic termination of the calc-
alkaline trend (Ca:michael et al.,1974) and possesses 8 transitional charactet between
the tensional and compressional trends. Similar geochemical behaviour of the smdied
rocks can be also concluded from the alkalinity ratios on Wright ’s (1969) diagram
(Fig.6) The alkali-feldspar granite shows 2 mildy alkaline affinity, whereas the older
granodiorite displays a typical calc-alkaline nature. Moreover, the Syeno- (monzo-)

granite has a transitional character between the calc-alkaline and alkaline fields.

The relationship between A1203/Na20+k20 VErsus A1203ICa0+Na20+k20
(Manior and piccoli, 1989) confirms that ail the studied rtock are principally
metaluminous (Fig. 7). Furthermore, the binary diagram of Na20 against K20 (Fig.
g) shows that the Older Granitoids are I-type granites and the Younger Granitoids are

A-type rocks.

The normative Qz-Ab-Or proportions of the studied granitoid rocks are plotted on
the cxpeﬁmemal Jata diagram of Tuttl and Bowen (1958).The older granodiorite is

located mear the Ab corner which strongly indicates its emplacement at 2 relatively

deeper depths in the earth’s crust (Fig.9). On the other hand, the alkali- feldspar
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granite is plotted close to the low temperature minima at water vapour pressure from
5to 3 kb. The syeno-(monzo-) granite, however, was intruded at intermediate depths
close to 10 kb.

Plotting of the major oxides versus the silica content (Fig.10) confirms the
subdivision of the concerned rock into three gramitic groups which display an
evolutionary trend with the silica increase. Phase I alkali-feldspar granite is relatively
enriched in SiO2 and K20 and depleted in TiO2, A1203, Fe203, FeO, MgO, CaO,
Na20, and P205 as compared with the older granodiorite. Phase III syeno- (monzo-)
granite usually displays an intermediate contents of the major oxides. All these trends
strongly suggest a genetic relationship among the stﬁdied rock suites. A comparable
conclusion can be deduced from the distribution of the trace elements among these
rocks. The alkali-feldspar granite commonly displays higher abundances in Ba and Rb,
and lower contents in Y,V,Co,Srand Zr relative to the older granodiorite. The syeno-
(monzo-) granite usually possesses intermediate values, however, it is relatively
enriched in Y, Nb and Zr.

Within the studied rocks, Rb displays an increase towards the more differentiated
rocks and is strongly correlated with K20. Nb. varies only slightly with Si02, it is low
except in the syeno-(monzo-) granite (~ 15-24ppm). K/Rb ratios usually vary between
400 and 500 which are considerably higher than the typical granitoid rocks (K/Rb
=200-300). Rb/Sr ratios vary between O.66and O.17 in the alkali- feldspar granite,
between O.36 and O.19 in the syeno- (monzo-) granite and are extremely low in the
older granodiorite (0.05) These values reflect an upper crust origin for the Younger
Granitoids and lower crust for the Older Granitoids (Schroll, 1976).

The Younger Granitoids display a comparable Th/U ratios which vary between
2.67and 1.59 reflecting a coherence of these radioactive elemenis with total alkaies
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rather than potassium as suggested by Heier and Rogers (1963). Compared with the
Older granodiorite, the alkali-feldspar granite shows higher ratios of Rb/Zr and lower
Ca/Sr reflecting an advanced stage of differe-ntiation as distinguished by El-Gaby
(1975) and Ahmed and El Mahallawi (1995).

Sr contents are higher in syeno- (monzo-) granite quartz-syenite (254-725 ppm)
compared with the alkali-feldspar granite (128-395 ppm). Modal calculation indicates
that these St- contents in the Younger Granitoids are in the hypothetical melts in
equilibrium with residue containing 30-60% plagioclase (e.g. Arth and Hanson, 1975;
Albuquerque, 1977).

The content of Ba is more or less equal in the Younger Granitoids (Fig.11). As the
content of this element in the melt would be largely dependant on the percentage of
biotite (or K-feldspars) in the residium (e.g. Albuquerque, 1977) that trend indicates
that the syeno- (monzo-) granite and alkali feldspar granite were in equilibrium’ with
equal modal biotite. Moreover, the Rb content of the alkali feldspar granite are slightly
higher than the syeno-( monze-) granite (Fig.11)and the K/Rb ratios are nearly equal,
which indicates that only small amounts of biotite would remain in the residium
(Albuquerque, 1978). In addition, the simultaneous increase of K with decreasing Ti

also negates any significant role of biotite (Bertrand et al., 1984).

The discrimination diagrams of Nb and Rb versus Silica (Figs.12a b) shows that
the Older Granitoids have a tectonic setting comparable with the volcanic arc granties
(VAG), whereas the Younger Granitoids are rather intimated to the within-plate
granites (WPG) as suggested by Noweir et al.(1990).
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CEOCHEMISTRY OF RARE EARTH ELEMENTS

The contents of 10 REE in 8 samples of the studied granitic rock are given in
Table 3. REE were determined by the Instrumental Neutron Activation Analysis
(INAA) at the Institute of Nuclear physics, Moscow, Russian Federal Repubic. Table
3 shows also the normalized ratios Ce(n)/Yb(n), La(n)/Sm(n) and Tb(n)/Yb(n) which
are used as a measure of the degree of fractionation of REE. light-REE and heavy-
REE respectively. The Eu anomaly is also demonstrated as Eu(n)/Eu*  [Eu*
=(Sm(n) + Gd(n)/2].

The REE data reveal that there are characteristic differences between the
different groups of granitic rocks of Gebel Abu Murrat area both regard to their total

REE content, as well as the distribution patterns of these elements.

The sum of REE in the differen: samples is found to vary considerably (Table,3).
Generally , all samples display lower contents compared with the average granitic rocks
(250 ppm, Hermann, 1970). The Older Granitoids possess the lowest REE being 49
to 56 pmm, whereas the Younger Granites have a relatively higher contents; 155 to
207 ppm in the syeno- (monzo-) granite and 66 to 132 in the alkali granites. This
geochemical trend of a closely associated granitoid suites has been previously
distinguished by Sahama (1946), Rankama (1946) and Koljonen and Rosenberg (1974).
Within the Younger Granitoids, however, the concentration of REE seems to decrease
towards the acid end as recognized by Yajima et al. (1968) and Nagasewa and
Schnetzler (1971). )

Concerning the distribution REE-patterns of the studied rocks (Fig.13), there are
pronounced differences. In principle, two basic types of patterns can be found The Old
Grantioids show a smooth concave REE patterns with general decrease in

concentration from La to Lu with marked positive Eu anomaly, whereas the Younger
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Granitoids have a REE patterns showing a variable intensity of negative Eu anomalies.
These patterns are similar to those of continental margin rocks which occur at large
distance from the trench in an area of thick crust (Thorpe et al .,1976; Bertrand et al.,
1984).

The Old Granitoids display variable intensity of fractionation of LREE where the
La(n)/Sm(n) ratios differ between 21 and 5 (Table ,3). Such variation is comparable
with variable positive Eu anomaly (Eu/Eu*=1.38-3.4). Arth et al. (1978) distinguised
that the fractionation of hornblende during partial melting of amphibolite produces
granitic rocks marked by positive Eu anomaly and show reversible relationship between
REE and Eu anomaly as found in the studied rocks.

The REE - patterns of the Younger Granitoids are typically similar to one
another.They have a rather flattening form, LREE are less uniform where
La(n)/Sm(n) varies between 2.3 and 6.6 and HREE are almost parallel and
unfractionated with Th(n)/Yb(n) varying between 1.4 and 1.7. All samples display
neutral to pronounced negative Eu anomaly. Eu/Eu* ratios range between 1.1to 0.64
in the alkali feldspar granite and between 0.92to 0.78 in the syeno- (monzo-) granite.
This nbrmaly observed negative Eu anomaly is best explained by removal of plagioclase
from the granitic liquid during crystal fractionation, a conclusion which is consistent

with the petrographic observation (e.g. early crystallization of plagioclase).

From what have been stated above, it ‘is apparent that there is a systematic
variation both in the total REE content and the REE distribution pattern among the
studied rocks. This variation can be clearly related to the age of granites. This finding
is in keeping with the earlier geological study of Sabet et al. (1972), which revealed
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