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Abstract:

Xenolithic structures are considered to be natural defects in the
igneous rocks that highly affect their physicochemical and mechanical
properties. They are foreign rock fragments trapped in the magma
or lava during the cooling process. They are totally unrelated to the
igneous rocks, as they compose from different types of rock pieces
that enclosed in the monumental granites during their emplacement.
This paper aims to study and characterize the xenolith fragment
trapped in the studied granitic obelisk. The analytical study was

Article info.

Article history:

Received: 22-12-2020

Accepted: 9-6-2021

Doi: 10.21608/ejars.2021.179495

Keyvv_ords. carried out using different techniques such as polarizing microscope,
Xenolith x-ray diffraction, scanning electron microscope, EDS elemental
Schist analysis and BET surface area. The results clarified that the studied
Granite xenolith fragment is classified as biotite schist xenolith. In addition, it

. was observed that the xenolith fragment not only affects the
Obelisk aesthetic appearance of the studied granitic obelisk but also it
Schistosity represents a serious weakness point in its structure.

1. Introduction

Granite rock represents the most common
intrusive igneous rock in the continental
crust. It is formed through the cooling of
magma at depth of the earth crust. As a
result of the slow solidification of magma,
granite usually has a coarse grained texture
with visible and distinguishable individual
minerals. It is mainly composed of quartz,
alkali feldspars (microcline and orthocl-
ase) and plagioclase feldspars (commonly
albite and oligoclase), in addition to minor
amounts of mica (biotite and muscovite),
hornblende and other accessory minerals.
The variety of the minerals present in granite
gives it distinctive colors such as pink,
white, gray and black [1-4]. Thanks to the
unique physical and mechanical proper-
ties of granite. It was commonly used as
an ornamental stone in the architectural
and sculpture fields in ancient Egypt. Most
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of Egyptian archaeological sites contain
both granitic sculptures and architectural
elements such as statues, obelisks, columns,
sarcophagi, stele, walls and lintels [5,6].
In Egypt, the main ancient quarries of
granite are located in Aswan region along
the eastern bank of the Nile, between the
city of Aswan and Al-Shellal district as
well as in some islands of the Nile such as
Elephantine, Sehel and other islands [7,8].
It is well known that granitic rocks are
subjected (during and after the natural occ-
urrence) to complex processes which finally
lead to formation of some geological defects
such as joints, fractures, veins and xenoliths
[9]. Xenoliths are foreign rock fragments
trapped in igneous rocks during the cooling
of magma or lava. They are totally unrel-
ated to the igneous rocks, as they consist
of different types of rock pieces that have



fallen from the walls or roof of the magma
chamber. Xenoliths are usually visible and
easy to be recognized, due to their different
compositions, colors and density than the
host igneous rocks. Generally, they appear
in different irregular shapes, but most of
them are rounded, subrounded and angular.
They range in size from small fragments
(few centimeters) to very big blocks (sev-
eral meters) [10-12]. Xenoliths are called
cognate xenoliths or autoliths if they are
derived from fragments genetically related
to the host igneous rocks. The fragments
of cognate xenoliths crystallized from the
same magma of the enclosing rock, but at
the early stage of crystallization. Xenoliths
provide some valuable information on the
composition and nature of basement in
the inaccessible areas. They also present
obvious examples of the complex interac-
tions occurred in the underlying lithosphere
(lower crust and upper mantle) [13,14].
Xenolithic structures are considered to be
natural defects in the granitic rocks that
highly affect their physicochemical and
mechanical properties [15,16]. The ancient
Egyptian sculptors and builders avoided
using the defective granitic rocks in the
fields of sculpting and architecture [17].
In rare cases, some sculptures and archit-
ectural elements were carved from granitic
rocks containing xenoliths, fig. (1).
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Figure (1) Shows xenolith res in Egyptian
granitic monuments; a., b. granitic rema-
ins at the city of Bubastis; c., d. granitic

remains at the city of Tanis.

It is worth mentioning that there are no
detailed studies about the nature of xeno-

liths appeared in Egyptian granitic mon-
uments. The case study is a large piece of
granitic obelisk related to the king Ramesses
I, which was discovered in the temple of
Amen at the archaeological city Tanis (San
El-Hagar, Nile Delta, Egypt). The studied
granitic obelisk represents one of the rare
monuments that contain xenolithic structures,
fig. (2). The main purpose of this work is to
study and characterize the xenolith fragment
trapped in the studied granitic obelisk. This
study will provide good information about
the nature of xenolith in addition to explain
its effect on the granitic obelisk. Moreover,
the results will help in making the future
plan for restoration and conservation of the
studied monument. The analytical study was
carried out using different techniques such
as polarizing microscope, x-ray diffraction,
scanning electron microscope, EDS elem-

ental analysis and BET surface area.
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Figure (2) Shows xenolithic structure trapped in
the studied granitic obelisk at Tanis.

2. Materials and Methods

2.1.Sampling

Small granitic samples were collected
from the fallen fragments of the studied
obelisk. In addition, micro-samples were
carefully taken from the friable layers of
the xenolithic structure.

2.2. Polarized light microscope (PLM)
Nikon eclipse LV100POL PLM was utilized
to perform the petrographic study of the
studied samples. In order to carry out the
examination, the samples were prepared in
the form of thin sections with thickness
about 30 microns.

2.3. X-ray diffraction analysis (XRD)
The mineralogical characterizations of the
studied xenolith and host granitic obelisk
were studied using PANanalytical x-ray



diffraction equipment model XPert PRO
with using: Secondary Monochromator, Cu-
radiation (1=1.542A) at 45 K.V., 35 M.A.
and scanning speed 0.04°/sec. The diff-
raction peaks between 20 = 2° and 60°,
corresponding spacing (d, A) and relative
intensities (1/1°) were obtained. The diff-
raction charts and relative intensities are
obtained and compared using the database
software of International Centre for Dif-
fraction Data (ICDD).

2.4. Scanning electron microscope
(SEM-EDS)

The morphological features of the studied
samples were investigated using VEGA3
TESCAN scanning electron microscope. In
addition, the elemental compositions of the
same samples were determined using the
energy dispersive spectrometer (EDS) con-
nected to this microscope.

2.5. Brunauer-Emmett-Teller technique
(BET)

Surface areas of the granitic obelisk and
xenolith were measured based on the met-
hodology of Brunauer-Emmett-Teller (BET)
using Quantachrome Touchwin v1.2 instr-
ument after degassing under N, flow for
18 h. at 90 °C [18].

3. Results

3.1. Petrographic study

The petrographical study of the granitic
obelisk and its xenolithic structure proved
that the obelisk was sculpted from coarse
grained granite. The granitic type is mainly
composed of potash feldspars (microcline
and orthoclase perthite), quartz and plagio-
clase feldspar associated with considerable
amounts of biotite and hornblende. In add-
ition, trace amounts of sphene, zircon and
opaque minerals were detected. Potash fel-
dspars (microcline and orthoclase perthite)
are the most common constituents of the
rock. They appear with medium to coarse-
grained, generally subhedral to anhedral
crystals and slightly altered to sericite.
Plagioclase (albite) occurs as subhedral
to euhedral crystals with albite twinning.
Quartz appears with fine to medium-grained,
anhedral crystals. It occurs as crystal agg-
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regates that fill in the interstitial spaces
between feldspar and mica crystals. Biotite
exists in small amount as fine to medium-
grained, flaky crystals in the interstices
of feldspars and quartz. It suffers from
surficial corrosion and partial alteration
to iron oxides. Hornblende presents as fine
to medium-grained crystals, associated with
biotite. It is slightly converted to iron oxides.
Moreover, quartz, feldspars and biotite
are generally fractured and sutured due to
weathering processes, fig. (3-a ,b, c, d).
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Figur (3) Shows cross-polarisers micrographs of
the granitic obelisk; a. micro cracks of
quartz and microcline, b. microcline
and orthoclase showing perthitic texture,
c. partial alteration of orthoclase into
sericite, d. high deformation of biotite.

Based on the petrographic study, fig. (4-
a, b, ¢, d) the xenolith fragment can be
classified as biotite schist. The sample is
principally comprised of biotite, plagiocl-
ase, quartz and hornblende. Trace amounts of
sphene, muscovite and opaque minerals were
also existed. These minerals are arranged in
parallel alignment forming schistose texture.
Biotite occurs as medium-grained to very
fine anhedral to subhedral aggregates. It is
partially to highly altered to sericite, chlorite
and iron oxides in the cleavage planes
and borders. Plagioclase presents as fine
to coarse-grained, subhedral to euhedral
crystals. It is partially and highly altered
to sericite. Some plagioclase crystals are
slightly elongated in the direction of schist-
osity. Quartz exists as very fine to medium-
grained, anhedral, interlocked crystals. Some
quartz crystals are stretched along the
direction of schistosity. Hornblende exists



as fine-grained, subhedral prismatic crystals
and commonly associated with biotite. It
is partially altered to iron oxides in the
cleavage planes and borders. Opaque min-
erals occur in minor amounts as fine to very
fine-grained, anhedral to subhedral crystals.
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Figure (4) Shows cross-polarisers micrographs of
xenolith trapped in the granitic obelisk;
a. parallel alignment of minerals disp-
laying schistose texture, b. plagioclase
is altered to sericite and biotite is altered
to sericite, chlorite and iron oxides, c.
partial alteration of plagioclase to
sericite, d. elongation of quartz in the
direction of schistosity.

3.2.Mineralogical characterization

XRD pattern of the granitic obelisk, fig.
(5-a) shows that it is composed of
microcline, albite and quartz as main
minerals. In addition, small amounts of
biotite and hornblende are also detected.
On the other hand, XRD pattern of the
studied xenolith, fig. (5-b) declares that
biotite, albite, quartz and hornblende are
the primary and most abundant minerals.
Furthermore, the minerals of sericite, dolo-
mite and hematite were detected as secondary
weathering products. Approximate perc-
entages of the minerals detected in the
studied samples are summarized in tab. (1).
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Figure (5) Shows x-ray diffraction patterns of a.
granitic obelisk, b. xenolithic structure.

Table (1) Approximate percentages of the minerals
detected in the studied samples.

Minerals Approx. perc o
Granitic sample Nenolithic sample

Microcline 33 00
Albite 39 25
Quartz 19 15
Biotite 06 40
Hornblende 03 10
Sericite 00 05
Dolomite 00 02
Hematite 00 03

3.3.Morphological and elemental
characterization

The morphological features of the studied
granitic obelisk and its xenolithic structure
using SEM reveal that, on one hand, the gra-
nitic sample, fig. (6-a, b) has no significant
mineralogical alterations occurred in the
primary minerals. Surficial corrosion and
tiny cracks were found as mechanical dete-
rioration aspects. On the other hand, SEM
micrographs of the xenolithic structure, fig.
(6-c,d) indicate that it highly suffers from
mechanical and physiochemical weathering.
The sample appears to be very fragile and
has many voids, micro-cracks, fissures,
flakes, etch-pits and weathering products.
These results illustrate the high weakness
grade of the studied xenolith.




Figure (6) Shows SEM micrographs of the studied
sample; a., b. surficial corrosion, cracks
and pits of granite samples, c., d. xen-
olithic structure with very fragile surface
with flakes, micro cracks, voids, etch-pits
and surficial deformation accumulation of
weathering products on the surficial layer.

Furthermore, the elemental analysis of the
same granitic sample clarifies that it is
composed of (Si, O, Al, Fe, Na, K, Mg,
Ca and Ti). Within the same context, the
elemental composition of the same xenolith
sample includes (O, Fe, Si, Ca, C, Al, Mg,
K, Na, and Ti), all of these results are listed
in tab. (2)

Table (2) EDS results of the granitic sample and

studied xenolithic structure.
Elements (wt %)

Granitic sample  Xenolithic structure

Si 49.45 15.30
(0] 32.80 40.60
Al 09.60 04.80
C - 05.90
Fe 03.50 16.60
Na 01.50 01.90
K 01.10 03.80
Mg 00.80 03.50
Ca 00.70 06.70
Ti 00.55 00.90
Total 100 %o 100 %

3.4.Specific surface area
Determination of specific surface areas of
stones provides a real indication about the
state of their outer surfaces [19,20]. The tec-
hnique of BET represents one of the most
common methods used to measure surface
area, so that it was employed to comparati-
vely quantify the surface areas of the studied
granitic and xenolithic samples. The values
of specific surface areas of the studied sam-
ples are reported in tab. (3).
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Table (3) Results of specific surface areas.

Sample Specific surface area (m%g)
Granite 03.5009
Xenolith 19.2297

4. Discussion

Based on the field observations, the stu-
died granite possess relatively resistance
and durability against deterioration factors,
as the obelisk appears to be in good state
of preservation. The results of petrographic
study showed that the studied granite is
mainly composed of potash feldspars, quartz
and albite in addition to small amounts of
biotite and hornblende. According to PLM
micrographs, potash and plagioclase feld-
spars are slightly altered to sericite while
biotite is slightly altered to iron oxides.
These alteration products weren’t detected
by XRD due to their low concentrations.
SEM micrographs of granitic sample sho-
wed that no obvious mineralogical changes
occurred in the primary minerals. Some
tiny cracks and surficial deformation were
observed by SEM. BET analysis indicated
low specific surface area of the studied
granite that reflects the low grade of
weathering. On the other hand, the visual
inspection clarified that the studied xenolith
has a dark-gray color and oval shape with
dimensions 60%30 cm. The results of the
current work confirmed that the xenolith
trapped in the obelisk is classified as biotite
schist. Schists are metamorphic rocks for-
med by the metamorphosis of mudstone and
shale. Schists are foliated rocks and have
medium to coarse-grained features. In rare
cases, they are derived from the conversion
of some types of igneous rocks such as
granite and basalt. They are mainly com-
posed of platy mica minerals aligned in
parallel lines exhibiting a distinct foliated
texture which is known as schistosity. In
addition, quartz, feldspars and hornblende
are commonly occurred in schists. The
mineral grains of schist are large enough
to be recognized by naked eye. Schists are
usually classified and named depending on
their main constituent minerals. For example,
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schists mainly composed of muscovite and
biotite are called mica schists [12,21-23].
As demonstrated by the petrological micros-
cope, the studied biotite schist is principally
composed of biotite, albite, hornblende and
quartz. In addition, this examination accen-
tuated the partial conversion of albite into
sericite as well as the alteration of biotite
into sericite, chlorite and iron oxides. XRD
analysis of the xenolithic sample elucidated
that it is mainly comprised of biotite, albite,
quartz and hornblende in addition to sericite,
dolomite and hematite as weathering pro-
ducts. Furthermore, EDS elemental analysis
emphasized the presence of dolomite by
detecting the carbon element, in addition
to calcium, magnesium, and oxygen. SEM
micrographs declared that studied xenoli-
thic structure highly suffers from surficial
deformation and has a lot of voids, flakes,
microcracks, fissures, etch-pits. In addition,
it contains many features of mineralogical
alteration. This result agrees with the high
value of surface area of the xenolith sample,
which also refers to the porosity high level.
Depending on the field observations and
analytical studies, the studied xenolithic stru-
cture has highly affected by physiochemical
weathering. Physiochemical weathering of
stones is a complex processes caused by the
combination of physical (e.g., rain, relative
humidity, temperature) and chemical (e.g.,
atmospheric pollutions) factors [24-26].
Indeed, physiochemical weathering has
played the fundamental role in mineralo-
gical alteration of the constituent minerals
of xenolithic structure. Formation of sericite
is ascribed to the hydrolysis of biotite
and albite under the impact of water and
acidic solutions [27,28]. In addition, biotite
and hornblende are altered into chlorite
and iron oxides [27,29,30]. Moreover, it
can be suggested that the existence of dol-
omite in the studied xenolith is a result of
the hydrothermal alteration of hornblende
[31]. Notable, the abundance of biotite in
the studied schist xenolith has increased its
susceptibility to deterioration; this is due to
the low stability of biotite against weathe-
ring processes. Alteration of biotite grains

44

is associated with their expansion along
cleavage planes and grain boundaries [32-
34]. This expansion generates internal mec-
hanical stresses which highly affect the
surrounding minerals, leading to cracking,
surficial deformation, granular disintegration
and finally flaking of superficial layer, fig.
(7). Furthermore, daily and seasonal varia-
tion of air temperature has contributed to
the mechanical damage of xenolith [35].
These deterioration mechanisms led to the
increase of porosity and surface roughness
of xenolith, which caused its high surface
area as observed by BET technique. High
porosity of xenolith allows water to perm-
eate through the outer layer, accelerating
the physiochemical and microbiological
deterioration factors [36,37]. It is worth
noting that the characteristic schistose
texture allows schist to be easily broken
into very thin fragile flakes parallel to the
schistosity [12,23]. Ultimately, the studied
biotite shist xenolith is a very weak rock
and more susceptible to damage comparing
with its host granite.

(TS = P Tt ;

Figur(7) Shows the studied xenolith suffers from
etch-pits, surficial deformation, flaking

and erosion.

5. Conclusion

The studied obelisk is a rare Egyptian granitic
monument that contains xenolith fragment.
The results declared that the studied xenolith is
classified as biotite schist xenolith. The xenolith
not only affects the aesthetic appearance of
the granitic obelisk but also it represents a
major weakness point in its structure. The
different properties of the xenolith and the host
granitic obelisk, depending on their different
mineralogical compositions, result in many
degradation processes. Due to the poor pro-
perties of biotite schist, it is deteriorated more
rapidly than its host granitic obelisk. Finally,
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it can be suggested that the presence of
xenolith fragment inside the granitic obelisk
is considered to be a natural defect and
works as an endogenous deterioration factor.
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