WA,

o o ISSN
sy ;_r Journal of Basic and Environmental Sciences, 8 (2021) 1-14 Online : 2356-6388
Print : 2536-9202

g
Research paper Open Access

Geochemistry and Radioactive Mineralization Inspections of the
Pegmatite Bodies Associating Variable Granitic Environs, Abu Hadeida
Area, North Eastern Desert, Egypt.

M. Abdel Monsif
Nuclear Materials Authority. P.O. Box 530, EI-Maadi, Cairo, Egypt. drmonsifzaky@hotmail.com
Abstract

Two types of pegmatite (Mineralized and non-mineralized) pegmatite are identified in Abu Hadeida area. Mineralized
pegmatite characterized by high contents of trace, rare earths, uranium, and thorium. Mineral associations include
uranophane, autunite and thorite. Non mineralized pegmatite has low contents of trace and radioelements. REE patterns
of the two pegmatites show M-W tetrad effects suggesting the dual effect of late stage hydrothermal solutions and
surficial or underground water. Difference in pegmatite properties despite their presence in the same rocky environment
may be due to the difference in the magma melt which the mineralized pegmatite emerged, where mineralized pegmatite

bound to magma rich unlike normal type.

Key Words: Radioactivity, Mineralized, Non mineralized, Pegmatites, Abu Hadeida, Egypt.
Received; 12 Oct., Revised form; 30 Oct., Accepted; 30 Oct. 2020, Available online 1 Jan. 2021.

1. Introduction

Abu Hadeida area is located in the Northern Eastern
Desert of Egypt at about 20 km west ward from Safaga
City at the Red Sea coast. The area can be easily accessed
via a newly established part of Qena—Safaga asphaltic
road. The area exposure reaches up to about 26 km?and
bounded by latitudes 26" 4348 and 26" 4836'N and

longitudes 33" 3524 and 33" 45E (Fig.l). It is
characterized by its rugged topography and high relief and
intersected by wadi Ras Abda and wadi Abu Hadeida and
is bounded by the northern part of wadi Ras Baroud and
the southern of wadi Um Taghir.

Fig (1): Location Map of the studied area.

Few radiometric and mineralogical studies were carried
out on the study area [1- 2]. [3] studied in detail the highly
radioactive microgranite dike-like bodies present in the
studied area. He concluded that microgranites are alkali
feldspar granite composed mainly of potash feldspars
mainly perthites and microcline, quartz, little sodic
plagioclase and biotite. Secondary uranium minerals
(uranophane and curite), thorium minerals (thorite) and U-
and Th-bearing minerals (Zircon, allanite, columbite,
samarskite, xenotime, monazite, kasolite and titanite) are
identified. Other nonradioactive minerals such as
magnetite, goethite, hematite, cronstedtite, pyrite, fluorite
and garnet are also identified. Geochemical investigations

revealed the presence of high concentration of U, Zr, Y,
Nb, Ba, Zn, Rb and Sr in addition to presence of V, Pb, Ni
and Cr. Au and Pt are also present. The granitic rocks of
Abu Hadeida area are associated with different types
of pegmatite according to their shapes, geological
structure, composition, its mineral contents, and
radioactivity.

Many genetic models and scenarios have been proposed
to interpret the tetrad-effects including mineral phase in
igneous environments [4], complexation [5], fluid-melt
and/or fluid-rock interaction [6-7], and surface weathering
and alteration[8]. Studies carried out by different
researchers revealed that the granites and igneous systems
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mostly display the convex (M-shape) tetrad-effects which
are associated with mineral phases, crystallization, and
fluid-rock and/or solution-rock interactions [9- 10, 7,11].
Based on these investigations, fluid rock or solution-rock
can play a pronounced role in generation of tetrad-effects.
Occurrences of the lanthanide tetrad-effect in geochemical
systems are attributed to REE3+-complexing ligands in
geological environments. Mean while, thermodynamic
modelling of Cl and F complexation demonstrated that
convex-type tetrad effects are mostly due to REE-CI
complexing, and concave-types to REE-F complexing
[12]. The behaviors of Zr, Hf, Y, and Ho are generally
controlled by CHARAC behavior and the chondritic ratios
for Y/Ho and Zr/Hf have ranges of 24-34 and 2646,
respectively [13]. Particle reactivity of Ho relative to Y in
various geochemical processes such as aqueous and other
environments causes Ho to be scavenged preferentially by
Fe- and/or Mn-oxides (hydroxides) [13-15]. Moreover,
during weathering conditions the Y/Ho ratios increase
(44-74), due to surface complexation and/or increasing the
solubility of Y relative to Ho [16]. Studies of F-rich
hydrothermal fluids indicate that fractionation of Y from
Ho is not related to fluid sources but mostly depends on
fluid composition [17].

This work aims to study the geochemistry, mineralogy,
radioactivity and genesis of Abu Hadeida pegmatites.

2. Methodology

All chemical and mineralogical studies were carried out
in the labs of Nuclear Materials Authority. Trace elements

were analyzed by XRF technique while the REEs analyzed
by inductive coupled plasma mass spectrometer (ICP-MS).
The heavy minerals were separated by heavy liquids
(bromoform) and studied by stereo-microscope and
Environmental Scanning Electron Microscope
(ESEM).The composition of these heavy minerals were
confirmed by EDX analysis.

3. Geological setting

The exposed rock units in Abu Hadeida arca are
arranged from the oldest to the youngest as follow; older
granites, younger gabbros, younger granites, microgranitic
offshoots in addition to basic and acidic dikes (Fig.2).

The younger granites represent the highest mountainous
outcrops. they are hard and resistant to weathering and
erosion. This granite is more homogeneous in the
mineralogical composition which comprised of alkali
feldspar granites and characterized by equigranular,
medium to coarse grained. The younger granites are found
at the South part of the studied area intruding the older
granitoids and younger gabbro in different directions. The
contact area is relatively represented by finer size forming
chilled margins, and highly crammed with numerous
xenoliths of older granitoids and younger gabbro with
different shapes and sizes.

From the field observations, younger granite divided
into two phases the first is the normal granite of Abu
Hadeida area with regular radioactivity and the second one
is the mineralized granite which called microgranite
offshoots with highly radioactivity.

= r:.a'

The microgranite offshoots (mineralized granite) occur
as vertical walls and/or elongated elliptical-shaped bodies,
with outcrop dimensions range from few meters to
hundred meters in length and from less than a meter up to
tens of meters in width. These offshoots have different
size, shapes and intruding older granitoids (Fig.3a) and the
younger gabbros.

Many hydrothermal alteration processes such as
hematitization,silicification,kaolinization,episyenitization(
Fig.3b), chloritization and manganese dendrites are

Fig (2): Geological map of Abu Hadeida area [Modified after 3].

affecting the mineralized granitic rocks with different
degrees of intensity. The hematitization and silicification
are the most common and the most influential.
Hematitization always exists in the fractured zones
accompanied with visible uranium mineralizations
(Fig.3c), due to the high ability of iron oxides for uranium
adsorption from its bearing solutions [18].

Pegmatite pockets and bodies are found associating the
granitoid rocks and may be related to the fractures and
joints in the younger granite with maximum diameter one
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meter (Fig.3d) or may occur along the contact with the
mineralized zone in the granite (Fig.3e). Generally, this
pegmatite in the studied area is categorized as unzoned
type and divided into two types, the first one related to the
normal granite with low radioactivity in uranium and

thorium and called normal pegmatite (non-mineralized)
while the second one is related to the mineralized granite
(microgranite offshoots) with high radioactivity and called
the mineralized pegmatite.
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(fig 3a) Younger granites intruding the older
granitoids

(fig 3b) Episyenitization in younger granite

(fig 3d) Pegmatite at the joint plane of younger
granites

(fig3e) Pegmatite pocket at the mineralized zone of younger granites

On the other hand, the normal granite and the
mineralized granite (microgranitic offshoots) are alkali
feldspar granite [19] consist essentially of potash feldspar
(perthite, microcline perthite and microcline), quartz and
rarely mica. Zircon, allanite, kasolite and uranophane as
accessory minerals with thorite minerals [19].The two
types of pegmatite which recognized in Abu Hadeida area
are consists essentially of very coarse crystals of
orthoclase and quartz. The accessory minerals are different
in the two types of pegmatite. The normal pegmatite has
only zircon crystals, but the mineralized pegmatite has

zircon, fluorite, allanite and some radioactive minerals as
will shown later.

4. Geochemistry of trace and rare earth elements

4.1. Geochemistry of the trace elements:

To understand the geochemical behavior of trace
elements(Table 1) in the mineralized and normal
pegmatites, it is recommended to normalize the pattern of
such rocks to its corresponding fresh granite. After that,
the reference granite pattern becomes flat at unity and the
relative depletion or enrichment are given by the
deviations on both sides of the reference line.
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Table (1): Chemical analyses of trace elements for Abu Hadeida and the average world pegmatites.

Mineralized pegmatite L 2 Normal pegmatite L World (20)
S.No. 1 2 3 4 5 Av. 6 7 8 9 10 | Av.
Cr 47 62 55 47 42 50.6 22 | 27 | 36 | 31 | 28 | 2838
Cu 34 11 12 12 13 16.4 19 | 21 | 22 ] 17 | 20 | 198
Ni 23 18 16 17 20 18.8 6 7 8 5 9 7
Zn 147 199 | 203 56 | 109 | 1428 57 | 60 | 47 | 44 | 39 | 493 | 44-148
Zr 2020 | 2173 | 2540 | 1998 | 2227 | 2191.6 | 302 | 325 | 527 | 445 | 332 | 386.2 | 117.7-218.6
Ga 27 25 39 33 35 31.8 14 | 18 | 19 | 11 | 16 | 156 |21.2-293
Sr 37 41 41 39 40 39.6 12 | 11 17 | 15 | 13 13.6 | 32.4-80.7
Y 498 517 419 | 461 | 453 | 4696 55 | 49 | 37 | 49 | 45 47 | 19.6-33
Rb 155 169 135 | 144 | 156 | 151.8 14 | 16 9 13 | 10 | 124 | 182.5-883.8
\Y 1 2 1 3 5 24 1 1 1 2 1 1.2
Nb 285 | 378 | 355 | 311 | 325 33.8 53 | 56 | 92 | 77 | 66 | 68.8 | 13.9-18
Pb 31 23 14 12 15 19 17 | 19 | 12 | 14 | 15 15.4
Ba 35 39 38 36 | 38 372 9 | 83 | 88 | 91 | 78 | 85.8 |512-834
U 448 520 | 485 | 414 | 560 | 4854 |o0.11]0.14]0.12|0.15|0.13| 0.13 |2.7-4.6
Th 512 612 581 | 483 | 710 | 5796 2 5 3 2 1 2.6
Rb/Sr | 14.19 | 4.12 | 3.14 | 369 | 39 | 5808 |1.17]145]053|087|0.77 | 0.958
Ba/Rb | 029 | 025 | 028 | 025 | 027 | 0268 |6361|5.19]978| 7 | 7.8 | 7.226

4.1.1. Mineralized pegmatite:

The enrichment of mineralized pegmatites in some
elements (e.g., U, Th, Zr and Nb) may be resulted from the
presence of Nb-Ta and U-Th mineralization and/or
mineral deposits. Rb decreases may be resulted from the
destruction of K-feldspar during alteration processes.
Several incompatible trace elements (e.g., Ba, Nb, Zr, U,
Th and Y) tend to be concentrated in the liquid and late-
stage phases during melting and crystallization of magma.
Consequently, they are usually enriched in the granitic
liquids [21]. These elements, like other types of trace
elements are mostly found either in the form of suspended
and/or dispersed impurities in the late stages of magmatic
differentiation. Ba and Sr increase with the presence of
muscovite and illite. Ga, pb, V and Cr decrease could be
related to the decomposition of biotite and ferromagnesian

minerals. Zn increases with increasing sulphides such as
pyrite, arsenopyrite and sphalerite. The enrichment-
depletion trends for some trace elements (Fig.4a) is due to
the variations in physico-chemical conditions of the fluids
such as pH, Eh, temperature, and ionic complexes during
the development of this deposit [22-23].

4.1.2. Non mineralized (Normal) pegmatite:

The increment of Ni may be related to its association
with clay minerals during alteration processes. Sr
enrichment occurs during Na-metasomatism. [24] revealed
that high-temperature altering fluids cause mobility of
HFSE and cause the exit of these elements from the
alteration system while the low-temperature fluids induced
enrichment of these elements, which could be related to Zr
increasing and Y depletion (Fig.4b).
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Fig (4): a): Enrichment —Depletion diagram of Mineralized pegmatite in Abu Hadeida area.
b):Enrichment —Depletion diagram of normal pegmatite in Abu Hadeida area.
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4.2. Geochemistry of Isovalents:

4.2.1.La/Y ratio and Ce anomaly:

La/Y ratio values >1 are connected to alkalic
environment and <1 to acidic environment [25-26 , 23].
Results of La/Y ratio in the studied mineralized and
normal pegmatites are more and less than unity (Table 2)
indicating the changes in the physic-chemical conditions
of the mineralizing fluids in the studied rocks.

Ce anomaly is highly related fO, [27]. Ce** converted
into Ce*" in Oxidizing environments which has smaller
ionic radii and higher charge [28]. Tetravalent oxidation
state of Ce is less mobilized in comparison with other
REE3+ [29]. Ce anomalies are <l in the studied
rocks(Table 2) suggesting the prevailing of reducing
conditions.

4.2.2.Eu anomaly:

Eu has two oxidation states, Eu** and Eu*", during
geochemical processes. In low oxygen fugacity (almost
reducing) environments, Eu2+, along with soft bases such
as HS™, S?” and CH4 are commonly formed [30-31]. Thus,
Eu2+ can form more stable complexes and precipitate

from solutions or fluids after being oxidized to Eu’" [32].
All the samples in the mineralized and normal pegmatite
samples have Eu anomaly values less than unity
confirming the prevailing reducing conditions especially
in the normal pegmatite samples (Table 2).

4.2.3.Y/Ho ratios:

Y/Ho ratios for the crust, mantle and high-temperature
hydrothermal fluids are within the range of ~26-28, where
as this ratio for sea water and marine sediments increases
to ~47 [33]. Studies of F-rich hydrothermal fluids indicate
that fractionation of Y from Ho is not related to fluid
sources but mostly depends on fluid composition [17].

Y/Ho ratios in the studied rocks vary between (16.5 and
71.4, 10 and 343.75, respectively) in the mineralized and
normal pegmatites (Table 2) confirming the non-
CHARAC behavior, which are quite consistent with
tetrad-effects of the corresponding samples. Also, the
severe shift of Y/Ho ratios from the chonderitic values
may be connected to the effect high and low temperature
mineralizing fluids.

. Table (2): Chemical analyses of rare earth elements for Abu Hadeida and the average world pegmatites.

Mineralized pegmatite X 3 Normal pegmatite < World
(34)
S.No. 1 2 3 4 5 Av. 6 7 8 9 10 | Av.
La 298.2 | 408.8 | 310.97 | 312.5 | 620.3 |390.15 | 81.12 | 10.11 | 64.13 | 10.13 | 18.11 | 36.7 | 270
Ce 471.75 497 436.72 | 507.6 | 889.19 | 560.45 | 74.56 | 9.35 | 61.58 | 9.78 | 17.48 | 34.6 | 470
Pr 59.65 | 42.62 | 43.89 | 4825 | 9593 | 58.07 | 67.77 | 8.03 | 56.8 735 | 124 | 305 57
Nd 283.4 163.2 | 14131 | 167.6 | 4443 | 239.96 | 555 | 4.49 | 456 621 | 9.93 | 243 | 221
Sm 73.21 41.6 2539 | 41.73 | 130.61 | 62.51 | 11.72 | 238 | 3641 | 42 | 745 | 124 -
Eu 3.34 2.66 1.55 2.67 354 | 275 | 0.3 | 0.11 |0.02 0.1 | 019 | 011 2.1
Gd 36.22 | 4332 | 4696 | 31.11 | 73.85 | 4629 | 592 | 097 |58 093 | 3.12 |335| 49
Tb 7.31 8.77 8.29 43 21.42 | 10.02 | 634 | 1.51 |5.03 1 478 [3.73] 16
Dy 2835 | 56.84 37.7 27.62 | 98.93 | 49.89 | 1.46 12 |3.98 13 | 6.28 |2.84 -
Ho 7.55 11.5 9.34 6.48 | 27.45 | 12.46 | 0.16 | 0.63 | 3.63 12 | 45 |[202] 08
Er 19 29.62 23.6 18.95 | 68.92 | 32.02 | 0.08 | 045 |2.45 241 | 452 | 1.98| 29
Tm 3.38 3.68 4.41 3.57 6.68 | 4.34 2.1 1.99 |23 2 198 |2.07 | 9
Yb 40.49 222 23.76 23.5 19.46 | 25.88 | 1.32 | 037 | 1.55 0.56 | 5.19 | 1.8 | 100
Lu 10.76 2.01 3.78 321 2.02 4.36 042 | 0.03 | 0.57 0.15 | 6.17 | 1.47| 22
TREE 1342.61 | 1333.82 | 1117.67 | 1199.09 | 2502.6 | 1499.2 | 308.6 | 41.62 | 289.85 | 47.32 | 102.1 | 158
SLREE 1113 | 1111.6 | 9329 | 10359 | 2049.7 | 1248.6 | 2789 | 31.98 | 288.1 | 33.5 | 57.9 | 138
YHREE 73.63 | 57.51 5555 | 4923 | 97.08 | 66.6 | 3.92 | 2.84 | 6.87 5.12 | 17.86 | 7.32
LREE/HREE | 1512 19.33 1679 | 21.04 | 21.11 | 18.68 | 71.15 | 11.26 | 41.94 | 6.54 | 3.24 | 26.8
La/Y 0.6 0.79 0.74 0.68 137 | 0.836 | 147 | 021 | 1.73 021 | 040 | 0.8
Y/Ho 65.96 | 4496 | 4486 | 71.14 16.5 | 48.68 | 343.75| 77.78 | 10.19 | 40.83 | 10 | 965
U/Th 0.88 0.85 0.83 0.86 0.79 | 0.842 | 0.06 | 0.03 |0.04 0.08 | 0.13 | 0.07
Ce/Ce' 0.77 0.79 0.87 0.96 0.77 | 0.832 | 0.50 | 0.58 |0.51 0.54 | 0.56 | 0.54
EU/Eu* 0.2 0.2 0.1 0.2 0.1 0.16 | 0.043 | 0.188 | 0.003 | 0.108 | 0.103 | 0.09
(La/Yb)en 5 12.4 8.8 1.9 1.2 586 | 41.53 | 18.46|27.96 | 033 | 024 | 17.7
(Tb/Yb)en 0.8 1.7 1.5 0.9 1.5 128 | 20.54 | 17.45| 1388 | 535 | 6.19 | 12.7
(Gd/Yb)en 0.7 1.6 1.6 1 0.8 1.14 | 3.62 | 2.12 | 3.02 022 | 024 | 1.84
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(La/Sm)cn 2.6 6.2 7.7 1 1.2 374 | 436 | 267 | 1.11 2.15 | 3.05 | 2.67
tl 0.81 0.79 0.93 0.96 0.78 | 0.854 | 1.495 | 1.814 | 1.54 151 | 1.55 | 1.58

t3 0.95 1.09 0.92 0.83 1.11 | 098 34 | 1.87 | 1.06 1.17 | 159 | 1.82

t4 0.85 1.21 1.12 1.22 1 1.08 9.42 | 7.66 | 1.66 1.82 | 0.63 | 4.24
t1*3 0.88 0.93 0.92 0.9 093 | 0912 | 225 | 1.84 | 128 133 | 1.57 | 1.65
t1*t4 0.83 0.98 1.02 1.08 089 | 096 | 3.75 | 3.73 | 1.6 1.66 | 0.99 |2.35

4.2.4.Rb-SrDiagram: The strontium distribution in
igneous rocks is controlled by the extent to which Sr**
(1.13 A) can substitute for Ca®>* (0.99 A) in calcium-
bearing minerals and the degree to which potassium
feldspar can capture Sr** in the K* sites. So, the principal
carriers of Sr in igneous rocks are plagioclase feldspar and
apatite. The Rb increases and the Sr decreases during the
magmatic differentiation.(Fig.5a) show that Rb and Sr in
mineralized pegmatite are greater than the normal
pegmatite which mean that the mineralized pegmatite is
more differentiated than the normal one. On the other
hand, the concentration of Sr is high in mineralized
pegmatite due to the effect of hydrothermal solution on the
mineralized one comparing to the other one.

4.2.5.Ba-Sr Diagram: The Ba and Sr elements decrease
continuously from less evolved samples to the most
evolved samples. (Fig.5b) show that all samples of
mineralized pegmatite lie below Ba/Sr=1 which are the
most evolved samples but the normal pegmatite samples
lie over Ba/Sr=1 which are less evolved samples.

4.2.6.Ba/Rb vs Rb/Sr Diagram: These geochemical
ratios are used to evaluate the degree of evolution of the
granitic pegmatite [35]. (Fig.5c) show that the mineralized
pegmatite follows the more evolved trend, while those of
normal pegmatite follow the trend of less evolved one, this
mean that the mineralized pegmatite is highly
differentiated and affected by hydrothermal solution than
the normal one.

4.2.7.Th-U Diagram: Th and U increase with
differentiation, also, there is a direct relation between Th
and U where U increase with the increasing in Th. Thus, in
(Fig.5d) there is a clear direct relation between Th and U
in the mineralized pegmatite but in normal pegmatite there
in no clear relation due to very low values of U, Th in
these samples comparing with the other one. Although, the
two types of pegmatite are found in the same area but the
concentrations of Th and U are different. This difference
may caused by a lot of factors, the first is the difference in

magma where mineralized pegmatite derived from high
Thorium and may high Uranium magma but the second
one is derived from low Thorium, Uranium magma. the
second factor is the effect of hydrothermal solution on
mineralized pegmatite which enriched it with Uranium
Quite the opposite with the other type which not affected
by hydrothermal solution.

4.2.8.U-Zr Diagram: There is a direct relation between
U and Zr with differentiation. (Fig.5¢)show that, both U
and Zr are found with high wvalues in mineralized
pegmatite due to the magma rich or effect the
hydrothermal solutions but the normal one is not. This
mean there are two generations or magma for the two
types.

4.2.9.U-Nb Diagram: according to the differentiation of
magma U has a direct relation with Nb. In (Fig,5f) the
mineralized pegmatite has higher values of U and Nb than
the normal pegmatite as a result of enrichment in magma
or the effect of hydrothermal solution which reflect the
idea of two generation or magma.

4.2.10.U-Rb Diagram: due to U and Rb increase with
differentiation so, there is a direct relation between U and
Rb with clear state in mineralized pegmatite. this
increasing reflect the enrichment during magmatism and
by the effect of hydrothermal solution, but in normal
pegmatite there is no clear relation due to low values of U
and Rb (Fig. 6a).

4.2.11.Th-Zr Diagram: Thorium also increase with
differentiation so, there is a direct relation between Th and
Zr in mineralized pegmatite due to the increasing of Th
and Zr in magma melt (Fig.6b) also, there is no relation in
normal pegmatite reflecting the poor of magma melt.

4.2.12.Th-Nb Diagram: Th and Nb have high values in
mineralized pegmatite with direct relation with
differentiation (Fig.6c) comparing with low values of
normal pegmatite which reflecting the difference in
magma.
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Fig (5): a)Rb-Sr. b)Ba-Sr. ¢)Ba/Rb V Rb/Sr. d)Th- U. e)U-Zr and f)U-Nb diagrams for Abu Hadeida pegmatites.

€ Mineralized pegmatite.

4.2.13.Th-Rb Diagram: due to the enriched magma
with Th and Rb the relation between the two elements
appeared clear with no identification relation in normal
pegmatite (Fig.6d).

Experimentally, it was confirmed that uranium and
thorium have a good geochemical coherence during
crystallization of a granitic magma [36-37]. As a result, for
a given magma the Th/U ratio is fairly constant, and
thorium and uranium are highly correlated [38-39].
Thorium and uranium contents of the host younger
granites [19] and the studied pegmatites binary diagram is

@ Normal pegmatite.

manifested in (Fig.6e). It is indicated that there is a strong
positive correlation between uranium and thorium which
could be related to the differentiation trends [40-42].
(Fig.6e) also clarifies that the normal pegmatite and the
normal granite intimate to the magmatic trend (MT) while
the mineralized pegmatite is mainly related to the
pegmatitic trend (PT) suggesting that all these granitic
rocks couldn’t be originated from the same magma and the
mineralized pegmatite doesn’t intimate to the normal
granites or normal pegmatite.
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Fig (6): a)U-Rb. b)Th-Zr. ¢)Th-Nb. and d)Th- Rb diagrams for Abu Hadeida pegmatites.
e) eTh vs .eU binary diagram, MT(magmatic trend) and PT(pegmatite trend), after [40].

€ Mineralized pegmatite.

The REEs are divided into light and heavy groups based
on their atomic weights. The light elements group from
lanthanum to gadolinium and the heavy elements group
from terbium to lutetium [43].

From (Table 2) we note that, there are two types of
pegmatite according to values of REEs. The first one is
the mineralized pegmatite and characterized by high
values of rare earth elements and related to the mineralized
granite(S.No.1 to5).But the second type is the normal
pegmatite with low values of rare earth elements and
related to the normal granite in the studied area(S.No.6
to10). On the other hand, > LREE is greater than Y HREE
in mineralized pegmatite which related to a high content of
volatiles and vice versa but Y LREE is smaller than
>HREE in the normal pegmatite referring to low content
of volatiles and vice versa. This difference between the
two types in the rare earth elements values is due to the
difference in magma source or the effect of hydrothermal
solution rich with these elements on the mineralized
pegmatite comparing the normal one.

4.3. Rare earth tetrad effect:

The average of the total REEs content of the studied
mineralized pegmatite (av. XREE=1449.16 ppm) is higher
than the world-wide granitic rocks (EREE=250-270 ppm)
as given by [44] and the crustal abundance of REEs [45-
46], (176.2, 144.3, respectively). Whereas the normal
pegmatite shows lower contents (157.9), which is nearly in
the range of crustal abundance. The depletion of REEs
could be revised to various processes including magmatic
differentiation [47], hydrothermal leaching [48] and or a
combination of both [49].Pegmatites at G. El Fereyid,
South Eastern Desert, Egypt have lower contents than the
studied mineralized pegmatites but higher than the studied

@ Normal pegmatite.

@®Normal granite

normal pegmatites, suggesting the mineralized nature of
Abu Hadeida mineralized pegmatite [50].

The zigzag REE patterns of the studied pegmatites are
characterized by the prominent convex and concave
tetrads and pronounced negative Eu anomalies. Detailed
studies indicate that the first and fourth tetrads in most
samples are more pronounced than the third one in the
mineralized granite whereas the first and third tetrads are
clearer than the fourth one in the normal granite.

Composite types tetrad effect (M- and W- shape) have
been recorded in different environments such as Terra
Rossa in China, the Tono uranium deposit of Japan and
other deposits worldwide [8, 51-56]. Based on the Gibbs
Free Energy of REE theory, [57] reported that the
existence of both W- and M-type tetrad effects in the same
deposit can be related to weathering, leaching by
groundwater and/or mixing of fluids and/or waters or
combinations of these.

Rare earth patterns of the mineralized pegmatites have
strong W-type tetrad effect in the first and strong M-type
tetrad effect in the fourth one(Fig.7a), though the presence
of t3 M-type tetrad in one sample and t4 W-type tetrad in
other sample. It is worthy to mention that the W-type
tetrad is more recognized in the mineralized pegmatite
than the normal pegmatite. On the other hand, very strong
M-type was detected in most samples of the normal
pegmatite and W-type tetrad in only one sample(Fig.7b).
The index of tetrad effect intensity, TE1,4, is higher than
1.10 ranging from 0.99 to 3.75 with 2.35 as an average
whereas, TE1,3 range from 1.28 to 2.25 with average of
1.69 which suggest that there was an interaction between
melt and water-haloid-rich fluid when these pegmatites are
crystallized from magma [55-56]. The coexistence of W-
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and M-shape tetrad-effects in the mineralized pegmatite
indicates the role of low-pH surface waters as illustrated
from W-type tetrad and lead to the destruction, leaching

and transportation of REE-bearing minerals, in contrast to
the accumulation role of M-type tetrad effect.
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Fig (7): a) Rare earth patterns of the mineralized pegmatite.
b) Rare earth patterns of the normal pegmatite.

MW-type of tetrad effect is likely to be caused mainly
by the interaction of aqueous liquids with alkaline rocks
[58]. [59] in Kab Amiri granite, CED, Egypt revised the
convex (M-type) T, associating with concave (W-type) T4
to the physico-chemical conditions that prevailed during
the alkali-metasomatism of the Kab Amiri granitoids have
always been changing and the alteration products vary
from one place to another. The composite MW-type tetrad
effect could be an evidence for Au mineralization of
reworked plutons and this vision could be applied in the
study area where, there is high Au contents in the
mineralized pegmatites [60].

5. Mineralogical Studies

The collected samples were subjected to heavy liquid
separation to liberate the considered radioactive minerals
from the other gangue minerals using bromoform solution
(sp.g.2.81g/cm®) and methylene iodide solution
(sp.g.3.32g/cm?). The heavy fractions resulted from the
heavy liquid separation were magnetically classified using
the High Intensity Frantz Isodynamic Magnetic Separator
(model L1).The different magnetic fractions were
carefully examined by the Binocular Stereomicroscope.
The most important radioactive minerals in the studied
mineralized samples are represented by the secondary
uranium minerals; uranophane and autonite and the
thorium minerals such as Thorite. On the other hand,
Zircon, Fluorite, titanite and gold were also studied. The
mineralogical study of the radioactive minerals and the
other minerals were achieved using Environmental
Scanning Electron Microscope (ESEM)at the laboratories
of the Nuclear Material Authority (NMA) Egypt.

5.1. Uranium and thorium Minerals:

[61] suggested that most of the secondary uranium
minerals in the shear zones are formed by replacing of
primary uranium-thorium minerals (uraninite, pitchblend
and/or thorite) as a result of pH and/or Eh changes through
the effect of hydrothermal fluids.

The mineralized pegmatite samples are stained with
noticeable concentrations of secondary uranium minerals.

These minerals appear as yellow spots on the surface of
the samples. Pure handpicked grains of the uranium and
thorium minerals were collected from the mineralized
samples. uranophane and autonite as principal secondary
uranium minerals and thorite as thorium minerals were
identified by the scanning electronic microscope.

5.1.1. Uranophane [Ca (UO2)2SiO3 (OH) 2. S(H20)]

[62] stated that uranophane is a monoclinic uranyl
silicate mineral fairly common in the oxidized zone of
most deposits. The conditions of formation of this mineral
include both the late stages reactions of uraninite with
hydrothermal solutions and also alteration by groundwater
[63].

[64] stated that uranophane occurs as idiomorphic
prismatic, acicular or reticulate. More commonly, the
mineral is compact, massive or powdery and often it is
seen as scaly incrustation or films on primary minerals.
The color is generally yellow (very pale yellow, canary
yellow, lemon yellow, brownish yellow and orange).The
massive varieties exhabit the greatest variation in color.
The luster of the crystals is usually pearly or greasy while
the acicular form appears silky and the massive varieties
are earthy to resinous, or waxy for the more compact type.
The hardness is 2-3 in the Moho's scale.

In the studied mineralized pegmatite, uranophane occurs
as massive, granular and sometimes radiated fibrous
aggregates. Uranophane mineral grains exhibit canary
yellow to reddish yellow color with dull to greasy luster
(Fig.8a). The reddish tint of some uranophane grains may
be due to the incrustation by iron oxide. ESEM analyses of
the some uranophane grains are shown in (Fig.8b).

5.1.2. Autunite [Ca(UQO2):2 (PO4)2. 10-12H:0]

It occurs as an oxidation product of uranium minerals in
granite, pegmatite and hydrothermal deposits. Autunite
crystals are generally characterized by their dull luster and
present as soft aggregates or tabular grains of bright
yellow colors (Fig.8c). The SEM data (Fig.8d)confirms
the chemical composition of autunite.
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Fig (8): a) grains

c¢) grains of Autonite.
e) grains of Thorite.

of Uranophane. b) ESEM photomicrograph of uranophane.
d) ESEM photomicrograph of autonite.
f) ESEM photomicrograph of thorite.

5.1.3. Thorite [ThSiO4]

Thorium is estimated to be three times as common as
uranium in granitic rocks [36] and all the thorium in the
Earth's crust could have more potential energy than both
uranium and the fossil fuel reserves combined [65].
Thorite occurs in natural as a primary mineral chiefly in
pegmatites. It can vary in composition through the
substitution of U, rare earths, Pb, Zr, Fe, and Ca chiefly, in
variable and sometimes large amounts. Thorite almost has
undergone extensive secondary alteration of both a
structural and chemical nature. Structurally, the mineral
may lose its crystallinity and assume a glasslike state in
metamict state.

In the studied mineralized pegmatite, It occurs as
brownish black to black opaque grains of greasy luster
(Fig.8e). Most of thorite mineral grains are subhedral to
anhedral crystals. Rarely, euhedral prismatic thorite grains
are present. ESEM analyses of the some thorite grains are
shown in (Fig.8f).

5.2. Uranium and Thorium bearing minerals

5.2.1. Zircon [ZrSiO4]

Zircon is generally present as small early formed
crystals often enclosed in later minerals, but it may form
large well-developed crystals (consisting of prism and
bipyramid) in granites and pegmatites [66-67]. Zircon is
fairly resistant to normal chemical attack. Altered varieties
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are, therefore, not common. The metamict state
(breakdown of the structure) in zircon may be due, at least
in part, to the presence of radioactive atoms [66].

Zircon crystals are generally colorless and transparent
(Fig.9.a). They are generally prismatic shape with
bipyramidal termination or extremely short broken prisms,
characterized by adamantine luster. (Fig.9.b) shows the
analyses of the studied zircon using the (ESEM).

5.2.2. Fluorite [CaF]

[68] concluded that the granites rich in secondary
uranium minerals (the highly sheared granites) are usually
rich in fluorite of deep blue to violet colors. [69] classified
Egyptian fluorite into two main groups according to their
total REEs contents. Group A contains REEs > 100 ppm
and is associated with albitized granites (mostly GIII) and
rare metal mineralization whereas Group B contains REEs
< 100 ppm and is associated with U and Th mineralization
or devoid of any mineralization (mostly GII). He also
revealed that Sr might be responsible for the appearance of
colorless to rather white color while Y is responsible for
the green color while the blue and mauve colors are
attributed to the radiation damage and the presence of
colloidal Ca.

In the studied area, fluorite is common in the
mineralized pegmatite and absent in the normal pegmatite.
it is found as colourless or violet fluorite (Fig.9.c) and may
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found associating iron oxides. ESEM analyses of some

fluorite grains are shown in (Fig.9d).
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Fig (9): a) grains of Zircon.
¢) grains of Fluorite.

b) ESEM photomicrograph of Zircon.
d) ESEM photomicrograph of Fluorite.

5.3. Other minerals

5.3.1. Titanite [CaTi SiOs]

Titanite occurs as a common accessory mineral in
intermediate and felsic igneous rocks and associated
pegmatites. Titanite appears as euhedral, prismatic crystal
with color rang from yellow, green, brown and black or
gray(Fig.10a). The brown or black varieties of titanite may
carry 1% or more Fe;O3 [70].ESEM analyses of the some
titanite grains are shown in (Fig.10b).

5.3.2. Gold [Au]

Gold found in nature in the form of the native metal. it is
a bright, slightly reddish yellow, soft and ductile metal. It
occurs in hydrothermal veins deposited by ascending
solutions, as disseminated particles through some sulfide
deposits and in placer deposits. In the studied mineralized
pegmatite gold is flaky exhibiting shinny metallic luster
and ductile(Fig.10c). ESEM analyses of some gold grains
are shown in (Fig.10d).
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Fig (10): a) grains of Titanite.
¢) grains of gold.

b) ESEM photomicrograph of Titanite.
d) ESEM photomicrograph of gold.

6. Conclusion
Abu Hadeida pegmatite is unzoned mineralized and non
mineralized pegmatites. Geochemically, the enrichment-
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depletion trends for some trace elements in mineralized
pegmatite is due to the variations in physico-chemical
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conditions of the fluids such as pH, Eh, temperature, and
ionic complexes during the development of this deposit.
The mineralized pegmatite has uranium and thorium
contents, in contrast the normal pegmatite. U-Th binary
diagram for normal granite, normal pegmatite and
mineralized pegmatite show that normal pegmatite and the
normal granite intimate to the magmatic trend (MT) while
the mineralized pegmatite is mainly related to the
pegmatitic trend (PT) and doesn’t intimate to the normal
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