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Abstract

The present work deals with geologic adaptation of Homrit Waggat granite based on petrographic, geochemical
data supported by two verified in the field ASTER images (7, 5,4) and (3, 2, 1) bands in RGB. The recorded
types are the granodiorite, highly deformed biotite granodiorite formed due to intrusion of younger magma
which then differentiated to biotite granite, alkali feldspar (buff) granite and microcline (red) granite. All types
are cut by dykes and quartz veins ended by some pegmatite and fluorite vein trending NNW-SSE.

Structural (NW-SE), (NE-SW) and (N-S) lineaments arranged from oldest are recorded. The NE-SW lineaments
cut with displacement the NW-SE ones. The reactivation of the N-S lineaments during later events led to be right
(dextral) strike slip cutting with displacement both older trends while NE-SW ones are cut by the NW-SE
lineaments. The magmatic intrusion which formed the biotite, alkali feldspar and microcline granite altered the
granodiorites forming sericitized zone at the granodiorite and biotite granite alterated contact associated with
formation of the alteration minerals; sericite, albite, chlorite, kaolinite, zoisite, muscovite, epidote, calcite and
secondary quartz. Pyrite is recorded with two chief alteration zones associating the NW lineaments.

Petrographic study revealed presence of highly, moderately and weakly sericitized deformed biotite granodiorite.
The modal analysis indicates affinity to both the granodiorite-tonalite and granite occasionally quartz rich due to
secondary quartz. Geochemically, these granite types are mainly granite and granodiorite with minor tonalite,
quartz diorite and monzonite tendency. These rocks derived from calc- alkaline, per-aluminous (non per-
alkaline), I- type evolved island arc, continental arc and continental collision granites.
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1. Introduction

The Pan-African late Proterozoic basement rocks in the Eastern Desert of Egypt representing the northern part of
the Nubian Shield include a series of granitoids. During the Pan-African orogenic cycle (950-450 Ma) accretion
of juvenile arc terranes, followed by crustal thickening were accompanied by intrusion of batholiths of
predominantly granitic composition. Different classifications of the Egyptian granitoids to older and granite
based on field relation, tectonic and geo-chronological determinations were performed by El Ramly and Akaad
(1960) ;El-Sokkary et al.(1976) ;Akaad and Noweir (1980); EI-Gaby and Habib (1982) ; Hussein et
al.,(1982); Ragab et al.,(1989) ; Hassan and Hashad (1990) ; Noweir et al., 1990 and Akaad and Abu EI-
Ela (2002). The old granites comprise quartz-diorites-tonalite and granodiorite which is the predominant. The
younger granites comprise monzogranite, syenogranites and alkali feldspar granite.

Homrit Waggat area lies between latitudes 25°7- 25°12' N and longitudes 34° 16' - 34° 22' E, covering about 50
km? The area lies ~six kms north the Marsa Alam - Idfu asphaltic road at 170 km from Idfu and at ~62 km from
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Marsa Alam (Fig.l). It is communicated principally along Wadi El-Faliq, which is crossing and dividing the
Homrit Waggat granites into two masses forming an ellipsoid.

Homrit Waggat granites were studied by Sabet et al (1976),Hassanen(1997) and Moghazi (1999). According
to Sabet et al., (1976) the outcropping rocks in Homrit Waggat area comprise hornblende schist, serpentinite,
metagabbro, metasediments, biotite hornblende plagiogranite, granodiorite, coarse- grained biotite microcline
granite and apogranite. However, Hassanen (1997) mentioned that the outcropping Homrit waggat granites
comprise four types namely: biotite granodiorite, biotite granite, mylonitized pink granite,and red granite
arranged from oldest to youngest. In this respect Moghazi et al (1999) mentioned that the outcropping rocks in
Homrit Waggat area arranged from oldest are meta- volcano- sediments, meta-gabbro-diorite complex, tonalite -
granodiorite and leucogranite (pink) biotite granite, mylonitized pink granite and red granite. Feldspar sand
filling wadi El-Faliq and surrounding plains recorded by Hassaan et.al(2014) suitable for ceramics industry.

This paper presents new contributions to the geologic setting of these granites based on petrographic, alteration
processes and geochemical data supported by two ASTER images of(7,5,4) and(3,2,1) bands in RGB provided
by the fourth author. Both images were verified in the field by the first and fifth authors on the Homrit Waggat
granite outcrops.

2. Methodology

1. Field work accomplished during two field trips modifying the geologic and structural maps during verification
of ASTER image (7, 5,4) and (3,2, 1) bands in RGB.

2. A total of 19 samples each weighing ~3 kg representing the granite rock types were collected (Fig.).

3. Nineteen thin sections were microscopically studied using the polarizing microscope to reveal the mineral
composition, texture, alteration and mineralization. Modal analysis of some granite samples were carried out too.

4. Chemical analysis for major oxides and the trace elements in the ground geochemical laboratory samples was
carried out at the laboratories of Nuclear Materials Authority (NMA), Egypt using X-ray fluorescence (XRF)
techniques of Philips X-Unique Il spectrometer (PW-1510) with automatic sample changer.

3. Results and Discussion

3.1. Geologic Setting and Petrography

The field study recorded presence of older and younger granite in Homrit Waggat granite area. The Older
granites represented by exfoliated separate masses usually grey in color, fine to medium-grained are cropping
out surrounding the proper Homrit Waggat two oval granitic masses (Fig.2). Both masses comprise five types
arranged from oldest to youngest; deformed granodiorite exposure in contact with the southern part of eastern
oval outcrop, highly deformed altered biotitesgranodiorite mass, biotite granite, alkali feldspar (buff) granite and
microcline (red) granite cut by several quartz veins.

3.1.1. The Deformed Granodiorite mass exists at the southern entrance of Wadi El-Falig in contact with the
highly deformed altered granodiorite favoring the southern part of the eastern oval mass (Fig.3A). The contact
zone is intensively sericitized forming sericite zone trending almost NW (Fig.3B) that altered the highly
deformed altered biotite granodiorite to be rich in sericite which decreases eastwards. Petrographically, the
deformed granodiorites are composed mainly of plagioclase (oligoclase, Any.is , Fig. 4A, B& C), quartz (Fig.
4A, B, C& D), hornblende (Fig.4A), sericite (Fig.4 B& C), calcite (Fig.4D), zoisite, microcline, sphene, and
muscovite. Granophyric texture occurs as a result of quartz intergrowth within potash feldspar beside oligoclase
crystals (Fig.4).
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Fig.1: An ASTER image (7, 5, 4) bands in RGB overlain by alteration types and structural lineaments.
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Fig.2:Geological Map of Homrit Waggat Area (Modified after Hassanen, 1997).

672



1JISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.

IJISEL ‘ www.ijiset.com

ISSN 2348 — 7968
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Fig.3: Photograph showing A- Exfoliations of deformed granodiorite, B- Sericite alteration zone within deformed granodiorite, C- Alkali
feldspar (buff) granite, D-Exfoliation of the biotite granite, E- Quartz vein cutting the alkali feldspar buff granite, F- Quartz vein cutting the
microcline (red) granite associated with pyrite, G- Small cubic pores represent sites of pyrite dissolved by oxidation and leached, and H-

Sericite and chlorite alteration of the biotite granodiorite.
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Fig.4: Microphotographs showing petrographic features of deformed granodiorite. A- Granographic texture. B- Plagioclase altered to sericite.
C- High interference colors f epidote, sericite with quartz and plagioclase. D- Calcite crystal showing good twinkling.

Iron hﬁ(k‘s ;

Fig.5: Microphotographs showing the petrographic features of the deformed biotite granodiorite. A- Hypidiomorphic texture. B-
Secondary quartz. C- Large muscovitized biotite crystal, D- Large biotite crystal altered to chlorite and muscovite.
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3.1.2. Highly Deformed altered biotite granodiorite is usually whitish grey in color, fine to medium- grained.
This rock type is composed essentially of quartz, albite, and biotite (Fig.3C). Petrographically, these rocks are
essentially of plagioclase (albite, An;4 Figs. 5A, B& C), quartz (Figs. 5A, B&C), microcline (Figs. 5A& B),
muscovite (Figs. 5C& D), biotite (Figs. 5C& D), sericite (Fig. 5C) and iron oxides (Fig. 5D).

3.1.3. Biotite Granite was represented by separate masse which occupies the core of the pluton. This core was
later intensively eroded forming wadi El-Faliq (Fig.3D). It is composed essentially of quartz, microcline, albite
and biotite. Petrographically, biotite granites are composed mainly of plagioclase (albite, An,s, Fig. 6B), quartz
(Fig. 6A, B& C), microcline (Fig. 6A& D), biotite (Fig. 6A, B& D) exhibiting hypidomorphic texture.
Muscovite (Fig. 6C), sericite (Fig. 6B & C), chlorite and goethite pseudomorph after pyrite (Fig. 6A & C) are the
accessory minerals. Common sericite is recorded in the cores of plagioclase ( oligoclase ) reflecting sericitization
of this rock type.

3.1.4. Alkali Feldspar (Buff) Granite cropping out as two a huge masses forming both the eastern and western
oval huge masses of the pluton. This type is deformed and composed essentially of K-feldspar
(microcline)quartz and plagioclase. Petrographically, this rock type is composed mainly of quartz (Figs 7 A &
C), and plagioclase ( albite, An 11 represented by two generations) the primary is chiefly sodic (albite) and
forms large tabular subhedral to euhedral crystals (Fig.7A). The secondary generation is small fresh crystals and
shows extreme twinning with no zonation, and is enclosed within the primary quartz and microcline (Fig.7D). It
exhibits perthitic texture represented by albite and microcline (Fig.7B). Sericite , goethite pseudomorph after
pyrite (Fig.7D) and iron oxides (Fig.7C) are the chief accessory minerals.

3.1.5. Microcline (Red) Granite is usually of red color, fine to medium- grained, highly deformed and cut by
pyrite bearing quartz vein (Fig.3F& 3G). Petrographically, this rock type is microscopically composed
essentially of alkali feldspar chiefly microcline (Fig. 8 B), quartz (Fig. 8A) and plagioclase. Plagioclase crystals
(albite, Any.10) are of bent shape due to alteration to sericite and glide plane reflecting deformation effect (Figs.
8B & C). Sericite, geothite pseudomorph after pyrite (Fig. 8 D), and iron oxides (Fig. 8 B, C) are the accessory
minerals.Several milky quartz veins are recorded cutting both the alkali feldspar (buff) and microcline red
granites (Figs.3E&3.F). The recorded goethite pseudumorph after pyrite ,alteration mineral constituents viz;
sericite, epidote, secondary muscovite and quartz, two plagioclase generation, chlorite, kaolinite, zoisite, calcite
and pyrite point to that Homret Waggat pluton subjected to sericitization, chloritization, silicification,
kaolinitization, epidotization, summing up saussuritization as well as pyritization. The two ASTER images of
(7, 5, 4) and (3, 2, 1) bands in RGB that verified in the field recorded sericitization, chloritization,
kaolinitization, and pyritizatio as well as revealed the trends of the structural lineaments and activation events.

3.2. MODAL ANALYSIS

The mineral assemblages of the five types given in table (1) are plotted on the QAP ternary diagram (Fig.9) of
Streckeisen (1976). The deformed granodiotite samples plot in the tonalite field because of the increase of Na-
rich plagioclase (oligoclase An 1.15>60%). The highly deformed biotite granodiorite plot in the granodiorite field
except two samples where sample No. 2A is falling on the dividing line of granite and granodiorit field, while
the plot of sample No.2B slightly deviates from this separating line to fall in the granite field due to the higher
percentage of microcline formed due to sericitization than albite. The biotite granite samples plot in the
granodiorite field. Some of alkali feldspar (buff) granite samples are falling in the granite field. On the other
hand, plagioclase in sample No. | A caused its falling in the granodiorite field. The microcline (red) granite
sample plot in also the granodiorite field reflecting action of sericitization causing formation of sodic plagioclase
(albite ).

3.3. STRUCTURAL LINEAMENTS

Structurally, the Central Eastern Desert of Egypt in which the Homrit Waggat is located characterized by north-
northwest steeply dipping ductile-brittle shear zones (Bennett and Mosley, 1987) and east northeast deep seated
faults (Garson and Krs, 1976). The Homrit Waggat pluton is displaying elongate oval-shape bodies separated
by Wadi (valley) El Falig. This relatively wide wadi chiefly filled with feldspars and quartz reflects intensive
weathering of highly deformed granitic rocks. Hassanen (1997) mentioned that the Homrit Waggat Complex is
localized on one of the deep-seated tectonic lineaments of the deep seated faults defined by Garson
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Fig.6: Photograph showing petrographic features of biotite granite. A- Shows presence of goethite pseudomorph after pyrite pointing to
action of pyritization alteration process. B- Highly altered plagioclase to sericite C- Microcline altered to sericite, chloritized biotite and
geothite. D- Large chlorite crystal
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Fig.7: Photograph showing petrographic features of alkali feldspar granite. A- Deformed of plagioclase altered to sericite. B- Perthitic
texture. C- Large biotite crystal containing iron oxides inclusions. D- Inter growth sericite crystal and flakes of muscovite.
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Fig.8: Microphotograph showing petrographic features of red granite. A- Secondary quartz. B- Deformed planes within plagioclase filled
within iron oxides and microcline. C- Micro-faulted plagioclase associating sericite and iron oxide. D- Cubic goethite after pyrite.
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Fig.9: Modal analyses plots for the studied granitoid rocks of G. Homrit Waggat area on the ternary diagram of Streckeisen (1976).
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Table.1: Modal composition of the examined the study granitic rocks of G. Homrit Waggat area. Note: S. No. = sample number, Qz = quartz, Plag. = plagioclase, K-feld. =potash feldspar , Per = perthite, Bio. = biotite,
Hb= Hornblende, 1.O=Iron oxides, Ms= Muscovite, Ser= Sericite, Chl= chlorite, Sph =sphene,Epi=Epidote, Pe= Perethitic texture,Cal= Calcite, Zoi=Zoisite, Str=Staurolite and Geothite (All values are in volume

percent).

S.N. Qz Plag K-Feld Bio 1.0 Ms Ser Chl Hb Sph Epi Per Cal Zoi Geoth

Red.G 1F 49.66 36.99 11.34 16 0.29

Alkali feldspar 1A 31.14 52.53 13.85 0.26 - - 2.20 -

(buff)

3A 56.86 20.46 22.43 0.03 0.21 -

granite 2C 4476 33.42 19.57 0.74 - 0.178 1.31 [ [ — -

3C 52.31 27.56 18.67 0.02 0.05 0.05 1.31 — | =

2D 39.28 36.04 10.49 0.986 | 0.03 0.08 NN [ — 13

1B 43.46 39.29 14.16 0.31 2.77 -

Biotite. G 1E 42.49 44.93 9.94 1.9 0.08 -

2E 35.13 45.80 13.45 4.29 0.07 0.66 0.18 - 0.05

Highly 2B 4422 33.69 18.25 0.22 3.59 0.034 -
deformed biotite 3B 36.65 43.89 16.19 0103 | - 3.15 -
grano- ic 41.93 40.26 16.31 I — 03 FSR R I — 0.09
diorite 2A 51.93 31.15 15.28 0.19 0.14 1.29 -

4A 38.18 40.11 18.25 0.52 2.89 0.02 -

Deformed grano- 1G 23.45 61.21 0.26 0.001 0.20 7.42 6.48 | 0.93 0.016 - | 0.033
diorite 2G 20 65.23 0.1 N 6 2 5 0.5 0.01 0.3
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and Krs (1976) suggesting that the deformation of the Homrit Waggat granite was probably
synchronous with magma emplacement, the elongate (NW-SE) elliptical shape of whicht, indicates
local near horizontal deformation oriented by NW fault systems. Three structural lineament systems in
Homrit Waggat masses ( Fig.10) arranged from oldest to youngest are NW-SE (No.l-18 lineaments),
NE-SW (N0.19-36 lineaments) and N-S (No. 37-54 lineaments). The chief lineament (No. 16) of N-S
trend forming Wadi El-Falig is cutting with displacement a NE-SW lineament to be represented by
lineamentsNo0.33&34. Meanwhile,the lineament No.33 is cutting with displacement the NW-SE
lineaments No0.7&8. The area was subjected to a geologic event supported by reactivation of the N-S
lineament to be right-lateral (dexteral) strike slip fault, the lineaments No. 13&17 represent One N-S
lineament that cut with displacement by the older NE-SW one No.34 and the NE-SW lineaments
No0.38&39 represent one that cut with displacement by the NW-SE lineament No.2. These data point
that Homrit Waggat granites were subjected to intensive structural deformations.

3.4. MODE OF EMPLACEMENT

The rock types of the Homrit Waggat area according to Hassanen (1997) are biotite granodiorite,
biotite granite, mylonitized buff granite and red granite. The biotite granodiorite, the chief mass of the
two oval shape masses is the oldest type. The suggested by Hassanen (op. cit.) mechanism for
emplacement of Homrit Waggat granite is that the outer biotite granodiorite type was first emplaced
in a fracture, probably related to NW-SE dextral shearing as mentioned Stanek et al., (1993) parallel to
the pluton elongation. The emplacement of the biotite granite in the center of the biotite granodiorite
two masses by stopping was contemporaneous with or followed the biotite granodiorite which was
most probably still according to Ramsay (1989) highly plastic. Brittle opening as curved fractures were
developed by a buckling- like effect (at the contact between the biotite granodiorite and biotite granite
during a NW-SE dextral shearing and local near horizontal deformation oriented NW. These alkali
feldspar( buff )granites, as considered by Hassanen (op.cit) represent highly-fractionated volatile-rich
liquid likely developed at the lower levels of the magma chamber rather than near the roof and at the
magma chamber margins. Moreover, Hassanen (op.cit) mentioned that much of this liquid, which
formed the mylonitized buff granite, was drawn up following Delaney and Pollard (1981) by towage
along the faults and by dilation process of the host rock during or prior to the central subsidence of the
biotite granite. The high strain deformation and stretching lineation are characterizing the alkali
feldspar buff granite. The undeformed red granite dykes were formed from residual volatile rich fluid
injected into the mylonitized buff granite.

From the field study of the present authors an exposure of the granodiorite is recorded exposed in
contact with the southern part of the eastern oval mass and comprises due action of the alteration
processes: highly sericitized biotite granodiorite and sericitized biotite granodiorite. The later exists
directly in contact with the proper biotite granite favoring intrusion of magma in chamber existing
within granodiorite that emplaced the biotite granite. This intruded magma effect on the granodiorite
mass to suffer variable degrees of sericitization associated with local albitization forming highly
(sericitized) biotite granodiorites with variable decrease. The sericitization was associated with local
albitization. The residual fluids and liquids after crystallization of the biotite granite differentiated
forming the alkali feldspar (buff) granite then the residual volatile potassium rich fluids drawn by
towage and dilation in the open spaces existed after cooling of the alkali feldspar (buff) granite formed
the microcline (red) granite. The onion-like structure of both oval granite masses is related to the later
deformational effects and the existed fractures.

The proposed by Hassanen (op.cit) subsidence of the central biotite granite that took place along the
curved fractures cannot be approved by the existing few outcrops of the biotite granite in the plain of
Wadi El-Faliq (Fig.10). The present study considers the intensive structural deformational lineaments
affected the Homrit Waggat granites and their inferred extensions by dashed lines in the Wadi El- Faliq
plain could give erosional and weathering explanation for the formation of the subcircular wadi El-
Falig plain.

The microcline (red) granite considered by Hassanen (1997) injected dykes where no wall rock
alteration in the alkali feldspar (buff) granite were recorded by the present authors during the field
study supports that it was the latest product of crystallization from residual volatile K-rich fluids drawn
up by towage along widened fractures in the alkali feldspar (buff) granite.
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Fig.10: The structural lineaments map of Homrit waggat two granitic masses.

Fig.11:

An ASTER image (3, 2, 1) bands in RGB showing two alteration zones (B and C) verified in the field.
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3.5. Alteration Processes

The alteration types within the fault planes recorded by using ASTER (7, 5, 4) bands in RGB are
sericitization, chloritization, kaolinitization and pyritization (Fig.1). Pyritization occurs chiefly in the
southeastern part of the eastern flank of HWG with minor sericitization and kaolinitization.

Intensively sericitized zone is recorded in the field within the granodiorite existing at the southern part
of the eastern flank of HWG. Moreover, sericitization occurs within the meta-gabbro-diorite
rockstcropping out to the north of Homrit Waggat masses (Fig.l). However, it is also recorded at the
entrance of Wadi El Falig within the eastern oval mass of Homrit Waggat pluton at the contact of
granodiorite with the highly deformed biotite granodiorite. It also exists within the NW fault (No. 1)
plane cutting the other granitic rock types. In the northern part of the western flank, minor sericitization
associates the NE fault No. 34.

Another ASTER (3,2,1) in RGB recorded in the eastern oval mass several alteration zones two of
which at the sampled sites (B) and (C) were verified in detail in the field (Fig. 11). Both alteration
zones(B) and (C) are related to two right lateral (dextral) strike-slip lineaments trending NW 289° SE at
site (B), ~2.5 km long and NW 280° SE at site (C), extending for about 4 km. These lineaments
systems are striking from (81°-17°) for the NW-SE system and (82°-5°) for the NE-SW system. The
two zones extend approximately parallel to each other (Fig. 11).

3.6. Alteration Types

The recorded magmatic hydrothermal alteration types affecting the Homrit Waggat granites
sericitization, chloritization, muscovitization and kaolinitization as well as pyritization representing
most probably a later quartz veins phase than these alteration processes, the reactions of which will be,
discussed hereunder.

3.6.1. Sericitization

The studied sericite is speck-like fine- grained (Figs.4A & 6B) and aggregate grains (Figs.6C& 8B).
Sericitization is one of the most common types of hydrothermal alteration found in felsic rocks
(Creasey, 1966; Meyer and Hemley, 1967; Rose, 1970 and Lowell and Guilbert, 1970). The
sericitization process explained by Que and Allen (1996) appears to have resulted from reaction of the
ionized hydrothermal fluids with the walls of recorded micro- fractures in the plagioclase cores,
resulting in formation of sericitic muscovite and a more sodic plagioclase (equation 1). This brought
about release of Ca * as which combined with other components released during associated
chloritization of biotite, to form epidote (equation 2 ) as follow:

NaAl1Si;0s+ K'+Mg®*+H,0+Na"+Fe** — (K,Na),(Al,Fe,Mg)sSigO20(OH), (1)

CaA1,Si,05 + Sericite S
Plagioclase

x+mNaAlSi;Os

y-rCaAl,Si,0s +2mCa*— Epidote (2)

3.6.2. Muscovitization

Muscovite is recorded in the highly deformed biotite granodiorite (Figs.5C&5D ), the deformed biotite
granite (Fig.6C) and alkali feldspar (pink) granite (Fig.7D). There are two generations of muscovite.
The primary muscovite is represented by large crystals that altered after biotite (Figs.5C & 5D). The
second muscovite after plagioclase represented also by large crystals occupying the interstitial spaces
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between plagioclase and quartz (Figs.5C&6C). Muscovite in the studied granites follows the equations
of Munha et al (1980, equation 3) is generally derived from the replacement of primary biotite:

2K (Mg,Fe);AlSiz010(OH),+ 20 H* — Muscovite +2K*+Mg?* + Fe?" + 24 H,0 (3)
Biotite
3.6.3. Albitization
Albitization is observed in the highly deformed biotite granodiorite (Fig.5C), alkali feldspar (pink)
granite (Fig.7A). Reactions where a cation is replaced by another in a mineral are called base
exchanges, as for example in the conversion of microcline to albite, Na replaces K which goes into
solution as given by Pirajno (2009) equation(12):
KAISi;Og+ Na—NaAlSi;Og+ K* 4)
Microcline Albite
3.6.4. Chloritization
Chlorite is recorded in the biotite granite(Fig.6D) and the highly deformed biotite granodiorite
(Fig.5D). Secondary chlorite occurs between the interstitial spaces of hornblende, plagioclase and
quartz. The grains within interstitial spaces are of violet and green color. Chlorite is generally derived

from the partial or total replacement of primary biotite, hornblende and pyroxene. Replacement of
plagioclase by sericite is associated with alteration of biotite to chlorite (equation 4), given by Munha

et al (1980):
2K (Mg,Fe)3AISi;010(0H), + 4H+ + 6H,0 — (Mg,Fe)sAl,Siz0:9(OH)s + (Mg,Fe),” + 2K* (5)
Biotite Chlorite

3.6.5. Kaolinitization

The reactions involved in the kaolinization of K-mica is recorded in the alkali feldspar granite as
according to the following Pirajno (2009) equation:

KAI;3Si3010(OH),+ H® +1.5H,0— 1.5Al,Si,05(0H), + K* (6)
K-mica Kaolinite
3.6.6.Pyritization

Geothite crystal is recorded in the deformed biotite granite (Figs.6A & 6C), and microcline (red)
granite (Fig.8D). Geothite of cubic form pseudomorph after pyrite is resulted in the studied granites
according to Rimstidt (2013, equation 13) by oxidation of pyrite grains of cubic form recorded in the
hand specimens from the alteration zones.

4 FeS, +15 0, + 2 H,0 — 4 FeO(OH) + 8 SO; ......(13)

solidus pyrite Geothite  aqueous
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3.7. Geochemistry

3.7.1. Geochemical characteristics of major oxides and trace elements

The bulk chemical analyses are given in Table 2 (granodiorite, highly deformed biotite granodiorite
biotite granite, alkali feldspar (buff) granite and Red granite). All analyzed and calculated data are used
to clarify the chemical classification, magma type and tectonic setting.

Granodiorite and Highly Deformed Biotite Granodiorite

Seven samples of the granodiorite and highly deformed biotite granodiorite were analyzed to reveal
their geochemical characteristics (Table 1). Major oxides content indicates that the granodiorite and
highly deformed biotite granodiorite are deficient in MnO, P,0s, and Ti0,; high in Na,O, K,O and
L.O.I and low to high in CaO, Fe,O; and MgO contents. The trace element contents of the
granodiorite show that these rocks contain low concentrations of Cu, Zr, Sr, Ga, and Rb, whereas Ba, V
and Nb content are relatively high content compared to the highly deformed biotite granodiorite.

The Biotite Granite, Alkali Feldspar (Buff) Granite and Microcline(Red) Granite.

The biotite granite, microcline ( red) granite and alkali feldspar (buff) granite are deficient in MnO,
P,0s, MgO and TiO,. The chemical analyses of these rocks reveal that Si0, content is slightly higher in
alkali feldspar (buff) granite than the biotite granite and microcline red granite ( For details ee Table 2

Cr content in alkali feldspar granite is lower than biotite granite and microcline (red) granite. Cu and Sr
contents are relatively higher in microcline red granite than biotite granite and alkali feldspar granite.
Ba content is higher in biotite granite than other samples. Nb content is higher in alkali feldspar granite
than biotite granite and microcline red granite.

3.7.2. Petrochemical Classification

Several geochemical binary and ternary diagrams have been used for petrochemical classification of
the investigated Homrit Waggat granites. According to Cox et al (1979, Fig. 12 a) diagram (SiO, VS
Na,0+K,0) all samples plot on the granite field except three sample of the highly deformed biotite
granodiorite. The CaO-Na,0-K,0 ternary diagram of Hunter (1979, Fig. 12 b) shows that the plotted
highly deformed biotite granodiorite samples fall in the field of granodiorite while the two biotite
granite samples are falling in the field of monzonite. The microcline (red) granite sample is plot at the
dividing line between granodiorite and monzonite. Some samples of the alkali feldspar (buff) granite
plot in the monzonite field except one sample that falls in the granodiorite field. Granodiorite samples
plot in the field of granodiorite. On other hand according to O’Connor (1965) and bold line after
Barker (1979 & Fig. 12 ¢) Ab-Or-An ternary diagram three samples of the granodiorite plot in the
granodiorite and trondjmite field. Two samples of the highly deformed biotite granodiorite plot in the
granite field while the other two samples fall at the dividing line between tonalite and trondjemite. The
biotite granite, alkali feldspar (buff) granite and microcline (red) granite samples plot in the granite
field. Meanwhile, on the similar An-Ab-Or ternary diagram given by Streckeisen (1976, Fig. 12 d) the
investigated granodiorite samples are falling in the granodiorite field and one sample fall at the
dividing line between monzogranite and syenogranite. The three highly deformed biotite granodiorite
plot in the granodiorite field while the other two samples plot on the syenogranite field. The biotite
granite samples fall in the syenogranite field. The alkali feldspar (buff) granite samples plot in the
alkali feldspar granite field. The microcline (red) granite sample is falling in the syenogranite field.

3.7.3. Magma Type

The Na,0O+K,0 versus SiO, diagram of Irvin and Baragar (1971) show that all samples plot in sub-
alkalic field(Fig.13 a) Also, according to Irvin and Baragar diagram(op. cit.) all the samples are
plotting in the calc-alkaline field (Fig.13b). On the ternary diagram (Fe,O3+Ti02)-Al,05-MgO)
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Table 2: Chemical Analyses of Homrit Waggat Granites.
Granodiorite Highly deformed biotite granodiorite Biotite granite Alkali- feldspar (buff) granite MIC;:Z:::E red
Oxides 1G 2G 2B 3B 1C 2A 4A 1E 2E 1A 3A 1B 2C 3C 2D 1F
SiO, 735 68.55 69.46 69.60 69.36 70.76 75.19 72.69 73.39 75.79 75.68 75.76 76.30 75.71 74.68 75.4
TiO, 0.02 0.46 0.43 0.39 0.47 0.15 0.03 0.23 0.15 0.01 0.05 0.09 0.11 0.15 0.03 0.03
Al,O3 13.82 15.14 14.99 15.11 14.66 14.39 13.89 13.69 12.39 11.81 12.53 12.30 12.85 12.70 13.51 13.75
Fe,O3 0.8 1.9 3.79 3.01 3.11 1.59 0.70 1.99 1.59 0.34 091 1.48 1.69 1.28 0.89 0.5
CaO 1.34 2.82 2.75 2.09 2.65 1.20 0.80 0.95 1.02 0.46 0.58 0.49 0.53 0.45 0.19 0.62
MnO 0.02 0.12 0.11 0.09 0.10 0.07 0.02 0.03 0.04 0.01 0.04 0.08 0.16 0.05 0.04 003
MgO 0.45 0.56 1.93 1.41 1.62 1.24 0.01 0.28 0.26 0.06 0.16 0.05 0.10 0.07 0.03 0.32
Na,O 4.80 3.6 4.29 4.06 3.99 3.96 472 3.63 341 2.76 3.85 4.08 3.37 3.72 4.30 3.80
K,O 3.72 3.23 2.02 2.12 2.16 3.89 3.73 4.45 4.62 5.75 429 4.45 4.06 4.72 4.07 3.70
P,Os 0.08 0.09 0.15 0.16 0.15 0.14 0.02 0.03 0.01 0.03 0.02 0.02 0.02 0.05 0.02 0.03
L.O. 1.2 14 0.96 1.31 1.41 1.70 0.79 2.03 3.12 291 1.81 1.13 1.75 0.85 1.88 1.3
Total 98.85 97.65 100.8 99.35 99.68 99.09 99.90 100 100 99.93 99.65 99.93 100.94 99.75 99.64 99.78
Trace elements
Cr 33 22 27 20 22 19 13 21 24 10 12 7 9 10 10 37
Ni 12 13 12 14 15 18 3 4 3 3 4 2 3 3 15 6
Cu 39 43 72 86 89 76 4 4 4 9 5 4 3 3 20 43
Zn 61 62 46 60 72 52 19 79 40 37 22 45 39 60 84 46
Zr 119 92 151 175 168 149 140 239 95 90 89 215 159 189 110 117
Rb 42 59 69 71 69 75 550 189 167 550 215 429 480 370 469 189
Y 7 5 18 15 17 20 68 11 20 64 88 98 101 81 99 7
Ba 1652 1835 396 502 498 396 18 390 418 28 205 16 64 139 20 74
Pb 17 15 7 10 11 13 17 11 10 11 12 15 12 14 15 25
Sr 196 151 210 365 298 310 10 65 60 18 12 9 19 22 10 167
Ga 6 10 17 19 17 18 29 29 21 26 23 25 21 20 39 22
Y, 60 66 29 32 39 22 5 5 4 4 3 4 4 3 4 3
Nb 19 15 4 8 9 10 45 8 11 21 35 85 55 42 33 19
Th - - 9 10 12 20 19 12 22 39 19 40 39 28 30 -
u - - 2 3 4 6 5 4 9 14 6 9 8 7 10 -

684



IJISE T/ JISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.

Www.ijiset.com
ISSN 2348 — 7968

18 2L i o L I LA L LB O IQO

Calc alkaline field
(Hunter 1979)

0 TR I 0 Y U 0 5 T P O O ] S O 1 W 81

35 45 55 65 ]

Tonalite

\ AVA

Si0, Na20 G0

) ) ) b- The Ca0-Na,O-K,0 ternary diagram of Hunter (1979)
a- SiO,- (Na,0+K;0) binary diagram of Cox et al. (1979).

An Or

Gabbro and Diorite

N . \

An

c- Ab-Or-An ternary diagram for the granites of O'Connor's | - An-Ab-Or ternary diagram of Streckeisen (1976)

(1965) and bold line after Barker (1979).

Fig.12 a-d: Several diagrams for the petrochemical classification of the studied Homrit Waggat granite

685



IJISE T/ JISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 11, November 2015.
www.ijiset.com

ISSN 2348 — 7968

12.""""'I""""‘I'"“""I"”""'I""""‘.
9— \Q'\\ N ]
Q, | Alkalic Field /%E
I >é z
- / 4
Qo6F 7
< L ]
CA ]
3F 3
£ Subalkalic Field
0'.1“.“ M TR PRI E AR T AN Tl RN T AR
30 40 50 60 70 80
SiO,

FeO'

Tholeiitic

Calc-Alkaline

Na,0+K,0

a- Na,O+K;,0 v.ersus SiO; binary diagram of Irvin and
Baragar, 1971).

b- AFM ternary diagram of Irvin and Baragar, 1971)

Fe,0;+TiO,

Tholiitic | Komatites

Calc-alkaline
AVA \ AV4 V.

ALO,

| (O CE | | I TR R (TR G N TIL)

Metaluminous  Peraluminous

NK
e = S I =
| B ) BT

O16F
<i4f A
12F )

05kl

0.6p
04—t

e | Ly T}

0
ANK

20

c- (Fe;03+Ti0,)- Al,05-MgO ternary diagram of
Jensen,1976.

d- ANK-ACNK variation diagram of Maniar and Piccoli
(1989).
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of Jensen (1979), all the analyzed samples plot in the calc-alkaline field ( Fig. 13 c¢). The
Al,03/Na,0+K,0 versus Al,Os/Na,0+K,0+CaO variation diagram of Maniar and Piccoli (1989),
shows that all samples plot in the peraluminous field except one sample (1G) which fall in close to the
dividing line with metaluminous field(Fig. 13 d).

3.7. 4. Tectonic Setting

The plotted samples in Maniar and Piccoli (1989) variation diagram FeO versus Mg Oshows that all
the studied granite samples lie in the field of IAG+CAG+CCG (Fig. 14). On the Na,O versus K,O
binary diagram of Chappell and White (1974), all the plotted samples fall in the field of I-type
granites (Fig. 15).

4. CONCLUSIONS

The field, geological, petrographic, structural and geochemical studies of Homrit Waggat granites
reached to the following conclusions:

1. The Homrit Waggat granites consist of two types of the Old Granites: deformed granodiorite, highly
deformed (altered) biotite granodiorite, and three types of the Younger Granites: biotite granite, alkali
feldspar (buff) granite and microcline (red) granite.

2. The Homrit Waggat two elliptical granitic outcrops are cut by three structural lineament systems
trending from oldest to youngest NW-SE, NE-SW, and N-S respectively. The area was subjected to a
geologic event supported by reactivation of the N-S lineament to be right-lateral (dexteral) strike slip
fault, the lineaments No. 13&17 represent One N-S lineament that cut with displacement by the older
NE-SW one No.34 and the NE-SW lineaments N0.38&39 represent one that cut with displacement by
the NW-SE lineament No.2. These data point to that Homrit Waggat granites were subjected to
intensive structural deformations.

3- The suggested mode of emplacement of HWGs is that a magma was intruded into the granodiorite, a
type of the Old Granites producing by crystallization the biotite granite, the alkali feldspar (buff)
granite and the microcline (red) granite. The granodiorite at the contact with this intrusion suffered
intensive sericitization, decreased far away, producing the highly deformed biotite granodiorite in
which sericite, albite, epidote, chlorite, biotite, calcite, zoisite alteration minerals are recorded.

4-.The recorded alteration types within the fault planes are sericitization, kaolinitization, chloritization,
sausseritization and pyritization. The alteration minerals of the deformed granodiorite are sericite,
chlorite , muscovite, calcite, microcline, sphene, and goetite pseudomorph after pyrite, of the highly
deformed biotite granodiorite are biotite, muscovite, sericite, and goetite, of the biotite granite are
muscovite, sericite, chlorite, and goetite, of the alkali feldspar(buff) granite are muscovite, biotite,
goetite, and sericite, of the microcline(red) granite are geotite, sericite, muscovite, and iron oxides.

5-. Geochemically the granitoid rocks comprise mainly granite and granodiorite rocks with tendency to
tonalite, quartz diorite and monzonite composition. These granites were derived from calc alkaline,
peraluminous (non peralkaline), I- type of island arc, continental arc and continental collision tectonic
setting.
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