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ABSTRACT

The study of the magmatic microgranular enclaves (MMEs) as relics of mafic magmas gives important information on the origin of parent
magmas and their evolution. In the study area, MMEs are either concentrated at the margins of the I-type granodiorite pluton or within some
parts of its interior. Most of the enclaves are either ellipsoidal or ovoid in shape and tend to have sharp contacts with the enclosing host rock.
Sizeable enclaves, however, are less ellipsoidal and are characterized by curved boundaries. The contact is sometimes marked by a chilled
margin with no sign of solid state deformation.

MMEs exhibit classical features of mafic melts globules trapped in granitic magma. Swarms of MMEs are either related to convection
currents in magma chamber or to gravitational sorting of heterogeneous magmas.

The enclaves contain the same mineral assemblages as the host rock though their proportions are different. They contain megacrysts of
plagioclase similar in composition to that of the host rock. The enclaves are composed mainly of plagioclase, K-feldspar, and hornblende in
addition to minor amounts of clinopyroxene and orthopyroxene.

The MMEs are rather basic to intermediate in composition as their SiO, content ranges between 46% and 58%. The composition of most
MMEs clusters near the granodiorite trend line. Many trace elements do not show clear linear correlation with the SiO, content and are
scattered off the trends defined by related granodiorite.

The petrographic and geochemical characteristics of the enclaves and their hosting granodiorite indicate that granodiorite is a product of
partial melting and fractional crystallization of a basic magma, and that the enclaves are trapped blobs of basic to intermediate parental
magma. Both major and trace elements contents of the investigated enclaves indicate that they were formed as a result of mingling and

mixing during magma evolution.

Key words: granodiorite, I-type magmatic enclaves, chilled margin, Southern Sinai.

INTRODUCTION

Saint Katherine Complex is situated in the high
mountainous area of southern Sinai. The country rock
includes Solaf gneisses, a volcanoclastic suite (Rutig
volcanics), a calc-alkaline plutonic series represented by
metagabbro-diorite complex, quartz monzonite, quartz
diorite, and other granitoid rocks (Hassen 1997).

The quartz monzonite, granodiorite, and quartz syenite at
Wadi Rahaba-Gebel Sheikh El-Arab area contain rounded
microgranular enclaves oriented locally by the magmatic
flow of the host-rocks. Large composite enclaves occur in
quartz syenite, whereas very small enclaves are found in the
porphyritic quartz monzonite. Granodiorite is the most
prevailing magmatic phase in the study area.

The magmatic microgranular enclaves (MMEs) are
common components in the I-type granitic rocks. Didier
(1973), White and Chappell (1977), and Barbarin and Didier
(1991) indicated that mafic enclaves provide important
information about the nature of their source rocks as well as
the genesis of granitic melt . The study of enclaves is of great
importance because it could shed some light on the mode of
emplacement of granitoid magmas, the dynamics of magma
chambers, their cooling processes, and the origin and
evolution of the granitoid melts.

The MMEs constitute trapped mafic fragments of fine-
grained igneous products, generally with ovoid shape and

sharp contacts, representing blobs of coeval magmas. Didier
and Barbarin (1991) and Vernon (1983) defined and
reviewed the French term "enclave". It is clearly known that
xenoliths refer to foreign rock fragments, while inclusions
refer to mineral grains enclosed in another. Consequently,
there is a close relationship between enclaves and their host
rock. Therefore, the term enclave but not xenolith is the most
suitable term for the present study.

The MME:s are widespread in the granitic rocks of calc-
alkaline, shoshonitic, or alkaline nature. Their characterization,
geochemical affinity, genesis, and evolution have been
extensively investigated by several authors. Some of them
suggested that they are products of the coexistence of two
contrasting magmas. Vernon (1984, 1990) and Barbarin and
Didier (1992) suggested that the majority of enclaves
represent the mafic end members of a more or less
hybridized or mixed two magmas. The mingling, according
to those authors, should be restricted to systems with
mechanical interactions. The authors recognized the
following three interaction processes in the coexisting
magmas: thermal, mechanical, and chemical exchanges. The
specific textural and compositional characteristics of an
enclave will vary with the relative intensity of these three
factors. For example, when the mechanical exchange
predominates, megacrysts of the host magma are abundant in
the enclaves. Chemical and mechanical exchanges cause the
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hybridization of the microgranular
mafic enclaves, producing compositions
closer to the host rock. These exchanges
frequently precede the basic magma
batch dispersion by magma flow,
producing the microgranular mafic
enclaves (Hibbard, 1995).

Magma mingling as a mechanism
for the genesis of MMEs attracted the
attention of many authors (Didier 1987,
Vernon et al. 1988, Dodge and Kistler
1990, Barbarin and Didier 1991, Castro
et al. 1990, 1991, Tobisch et al. 1997,
Sinha et al. 2001, Dahlquist 2002). The
typical igneous textures described by
many researchers (Didier 1984 and
Vernon 1991) stated that the fine-
grained chilled margins surrounding
many MME:s favor their formation from
the crystallization of silicate melt.

Some authors wused numerical
simulations of a chaotic dynamic system
involving  stretching and folding
processes (Perugini et al. 2002, 2003).
Others have modelled the process using
whole-rock compositions (Wei et al.
1997, Moyen et al. 2001). They focused
their studies on the textures, trace
element patterns and isotope geology of
the zoned minerals, (Bussy 1990,
Ginibre et al. 2002, 2004, Barbarin
2005, Gagnevin et al. 2005ab; and
Staby et al. 2007a).

In many granitic intrusions,
microgranular ~ magmatic  enclaves
provide strong evidence of interaction
between coeval mafic and felsic
magmas (Vernon 1990, 1991, Barbarin
and Didier 1992, Barbarin 2005). The
mechanical migration of crystals, back
and forth, from one magma to another
causes zonal growth (Vernon 1986,
Waight et al. 2000ab, Barbarin 2005,
Staby et al. 2007ab).

Feldspars are sensitive indicators of
thermal and chemical heterogeneities in
their  crystallization ~ environment
(Knesel et al. 1999, Ginibre et al. 2002,
2004, Troll and Schmincke 2002,
Perugini et al. 2005, and Staby et al.
2007ab). Primary melt compositions
may be well reflected in the trace and
major elements compositions of the
growth zones if the feldspar crystals
grow close to the crystal-melt
equilibrium boundary. Slowly
diffusing compatible trace elements,
for example Ba, which is commonly
chosen as an index of magma mixing,
can be used to track the process step by
step (Cherniak 2002) and is often used
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to examine growth histories of K-
feldspar crystals (Long and Luth 1986,
Cox et al. 1996, Ginibre et al. 2004,
Gagnevin et al. 2005a and Staby et al.
2007a).

The origin of the microgranular
enclaves is interpreted as being related
to one of the followings: (1) fragments
of wall rock facies closely related to the
host magma; (2) globules of mafic melt
injected into resident felsic host melt;
and (3) fragments of recrystallized
refractory metamorphic rocks co-
mingled with resident granitic melt
(Maas et al. 1997). So the origin of the
microgranular enclaves is controversial.

The enclaves of the Egyptian
Precambrian granitoids have been
studied by several researchers. For
example, Ammar et al. (2003) studied
the enclaves of El-Delihimmi-Nusla
granite pluton, central Eastern Desert of
Egypt, and concluded that they were
formed as restite in a granite source.
Several granitoid masses are also widely
exposed in southern Sinai; many of
them contain microgranular enclaves
and granodiorite represents one of these
examples. El-Metwally (1993) studied
the microgranular enclaves of the
granitoid rocks in southwestern Sinai
and suggested a mingling model of
mafic globules of different
compositions. Surour and Kabesh

(1998) described swarms of mafic
microgranular enclaves in Wadi Risasa
area southeastern Sinai. They reported
that the opaque mineralogy and
geochemistry of the enclaves and their
host rocks are almost identical.

The main objective of this paper is
to test the magmatic processes that
might have been involved in the genesis
of the microgranular enclaves hosted by
the granodiorite of Wadi Rahaba.
Therefore, the geologic  setting,
petrology, and geochemistry of the
microgranular enclaves and their host
rock are thoroughly studied to present a
workable model for their petrogenetic
evolution.

GEOLOGIC SETTING

Saint Katherine area is composed
of late-Precambrian rocks including
metagabbro-diorite complex, granodiorite,
quartz-monzonite, quartz diorite, and
other varieties of granitoid rocks (Fig. 1).

Granitic intrusions in southern Sinai
are classified into three groups according
to their geological, geochemical, and
petrological  characteristics ~ (Hassen
1997). These three groups are:

(1) Calc-alkaline granitoids (Phase
[): (quartz diorite, quartz monzodiorite,
quartz monzonite, granodiorite, and
hornblende-biotite granite).
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Fig. 1. Geologic and Location map of the investigated area.
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(2) Subcalc-alkaline granitoids (Phase
Il): (porphyritic biotite monzogranite,
coarse-grained biotite monzogranite, and
pegmatitic monzogranite).

(3) Syenogranite (Phase IlI):
(Alkali feldspar granite, syenogranite,
microsyenogranite, and granophyric
granite).

Metagabbro is represented by small
homogenous weathered outcrops (2 x 5
km) of brown to greenish-brown color,
medium- to coarse-grained texture, and
are massive to weakly-foliated. It also
occurs as an E-W-trending belt located
to the southeast of Gebel Nakhla. It is
intruded by monzogranite, quartz
monzonite, and the ring dyke of Saint
Katherine. Some metagabbroid sheets
were locally intruded by diorite and
syenogranite.

The two largest occurrences of
quartz diorite intrude the metagabbro-
metadiorite complex at Gebel Sheikh
El-Arab. They are homogeneous,
weathered, greenish-grey colored rocks,
and generally have medium- to coarse-
grained granular to weakly-foliated
texture. The fine-grained diorite, on the
other hand, is recorded in the
northeastern and northwestern parts of
the study area. In the southeastern parts,
small masses of medium- to fine-
grained quartz monzodiorite are
observed showing gradational contacts
with quartz monzonite. There are also
large elliptical monzodioritic blocks
making sharp contacts with quartz
monzonite.

Quartz monzodiorite is massive to
weakly-foliated and heterogeneous,
with  subangular  psammitic  and
gabbroic xenoliths. Foliation in the
xenoliths predates the emplacement of
quartz monzodiorite, which is also cut
by monzogranitic dykes.

Granodiorite intrudes into mafic
magmatic rocks. It has sharp contacts
with the country rocks which comprise
metagabbroic and dioritic rocks. The
effect of contact metamorphism was
observed in the surrounding country
rock. Facies of contact metamorphism
formed around the granodiorite porphyry
dikes range from K-feldspar-cordierite-
hornfels facies, and hornblende-hornfels
facies down to albite-epidote-hornfels
facies. Both the intrusive rock and the
country rock are intruded by Katherina
ring dyke. The volcanic rocks comprise
andesite, latite-andesite, dacite, rhyodacite.

F ig 2. fferent types of microgranular enclaves (MMEs) observed in the stud
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area. (A) Pillow-like mafic enclave formed as an offshoot of basic magma. (B)
Dyke-like enclave showing curved boundary and sharp contact with the host rock.
(C) Different types of microgranular enclaves. (D) A swarm of enclaves showing
interaction with the host rock. Note whitish colored alkali feldspar megacrysts in
the largest enclave. (E) A microgranular enclave showing gradational contacts with
the host rock. Alkali feldspar crystals enclosed in the enclave are indicative of
magma mingling. A hybrid zone is also observed in the upper part of the photo. (F)
A microgranular mafic enclave showing a sharp contact with the host rock and
enclosing prominent crystals of plagioclase feldspars.

Granodiorite has a medium- to
coarse-grained hypidiomorphic granular
texture. The marginal zones of the
intrusion were commonly injected with
aplitic veins, . which have various
orientations and thicknesses. Small
pegmatitic as well as minor composite
dikes are also observed near the margin
of the intrusion. Large pegmatitic veins
consisting of K-feldspar, biotite, quartz,
epidote, topaz, and pyrite usually occur
at the contacts between aplites and
granodiorite or within the aplitic vein
itself. Nodular pegmatites, which have
the same mineralogical composition as
the pegmatitic veins, are present around
Rahaba Village.

Hornblende monzogranite pluton is
either equigranular or porphyritic with a
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medium- to coarse-grained matrix
containing  K-feldspar = megacrysts
attaining 5 cm in length. Monzogranite
intrudes granodiorite, quartz monzonite,
and the metagabbroid rocks of Wadi
Rahaba. Large granodiorite enclaves
within ~ monzogranite ~ were  also
observed.

Pillow-like enclaves, formed as an
offshoot of basic magma, are recorded
near the contact between the ring
complex and monzogranite (Fig. 2A).
They are angular to oval in shape and
locally occur as dyke-like enclaves,
which become progressively thinner
towards their termination with the host
granitoid. They show curved boundary
as well as sharp contact with the host
rock (Fig. 2B).
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