Hanaa Mohammed

by eldel] b edeisiy wilbasd] S o




Safaa Mahmoud

ol i ey b

(ouded§ et 19 (g sl | o Guid
Wi Wil 0 (pwil] B 9 pousbaind| cllly oumi
il i Gl 99 s ] 2 daoad! galhdl 0dR (ods




Geology Department

The Role of Rock Alteration in the Distribution of
Uranium and Associated Elements in the Um Bogma
Formation at Wadi Nasib Area, Southwestern Sinai,

Egypt.
by

Omnia Tarik Elsayed Amer
B.Sc., Geology, Zagazig University (2008)
M. Sc., Geology, Zagazig University (2013)
Assistant Lecturer, Rock Studies Department, Research Sector,
Nuclear Materials Authority, Egypt

Supervised by

Prof. Dr. Prof. Dr.

Mohamed M. Abu-zeid Ibrahim E. EI- Aassy
Professor of Mineralogy and Sedimentary Professor of Uranium Geology,
Petrology, Faculty of Science, Ain Shams Nuclear Materials Authority

University
Prof. Dr. Prof. Dr.
Ashraf R. Baghdady Ehab K. Abu- zeid
Professor of Sedimentary Petrology, Professor of Mineralogy, Nuclear
Faculty of Science, Ain Shams University Materials Authority

A Thesis Submitted to the
Geology Department,

Faculty of Science, Ain Shams University
In Partial fulfillments of the requirements of the
Ph.D. Degree in Science (Geology)

2022



Geology Department

Validity of Ph.D. Thesis of Science (Geology)

Student name: Omnia Tarik Elsayed Amer

Thesis title: The Role of Rock Alteration in the Distribution of
Uranium and Associated Elements in the Um Bogma Formation at Wadi
Nasib Area, Southwestern Sinai, Egypt.

Degree: Assistant Lecturer, the Nuclear Materials Authority, Egypt.

Supervisory Authority
Prof. Dr. Mohamed M. Abu-zeid Ain Shams University.
Prof. Dr. Ibrahim E. El-Aassy The Nuclear Materials Authority.
Prof. Dr. Ashraf R. Baghdady Ain Shams University.
Prof. Dr.Ehab K. Abu-zeid The Nuclear Materials Authority.

Examiners Committee

Prof. Dr. Mostafa H.Y. Hashad Suez-Canal University.
Prof. Dr. Bothina M.M. Mousa The Desert Research Center.
Prof. Dr. Mohamed M. Abu-zeid Ain Shams University.
Prof. Dr. Ibrahim E. El-Aassy The Nuclear Materials Authority.
Date for the administration of postgraduate studies [
Date of discussion of the dissertation: 5/3/2022
Department council approval date: /A
Date of approval of the faculty board: [
Date of approval of the university council: I
Employee Signature Director of Studies Department Signature

Faculty secretary

L ad) e Ay sgan— 0 ALAN Lyl — & galal) 480401 £ LS 11566- pstad) AiS
Faculty of Science, Ain Shams University-11566Abbassia-Cairo-Egyp



&l

v
.
H,J
5 »
rr

Ll




TO. LN ]
I dedicate this work to my lovely family to whom I owe all my life ...

Father, Prof. Dr. Tarik Amer...

Mother, Mrs. Azza Abaza ....

and

my lovely son : ALI Gad




Acknowledgements

Praise to ALLAH, Lord of the worlds for showing me the right path and helping
me to complete this work by the grace of whom, most beneficent and most merciful.

The author would like to express her appreciation to the Geology Department,
Faculty of Science, Ain Shams University and the Nuclear Materials Authority (NMA)

for providing the facilities during the progress of this research work.

The author is deeply indebted to the supervisors of this thesis Prof. Dr
Mohamed M. Abu-zeid, Prof. Dr Ashraf R. Baghdady (Geology Department,
Faculty of Science, Ain Shams University), Prof. Dr. Ibrahim E. El-Aassy and Prof.
Dr. Ehab K. Abu-zeid (The Nuclear Materials Authority) for their sincere guidance,
fruitful discussions and criticism when needed, scientific aids, reviewing the entire
manuscript and continuous encouragement throughout the progress of this work.

Special thanks are due to Prof. Dr. Yehia M. Dawood for his sincere help,
fruitful discussions and carful revision of the geochemistry chapter in this thesis.

The author is grateful to all her colleagues and the staff members of the Rock
Studies Department, Research Sector (NMA) for their co-operation and encouragement
during this work. Special thanks are due to Prof. Dr. Gehan Ali (Head of ESEM lab)
for her endless support and help.

Deep thanks are extended to all my colleagues in the Nuclear Materials Authority
especially Prof. Dr. Enass El-Sheik, Dr. Hanaa Abu Kohziem, Dr. Mohamed
Hussien, Dr. Hany Hasan, Dr. Sameh Nigm and all who helped me in a way or another
to finish this work.

I would like to express my deep gratitude to all my family members for their

support, encouragement and advices during the progress of this work.

Omnia Tarik Elsayed Amer



Abstract

The Lower Carboniferous Um Bogma Formation in Allouga, Abu
Thor and Talet Seleim localities in Wadi Nasib area consists of three
members made up of variably abundant siliceous, argillaceous and
calcareous rocks together with ironstones. The formation hosts
mineralizations of radioactive, rare and trace elements in addition to base

metals.

The petrographic examination of the Um Bogma rock samples
revealed that the siliceous rocks are represented by sandy siltstones and
sandstones. The argillaceous rocks are made up of claystones, mudstones
and gibbsite, whereas the calcareous rocks consist of limestones and

dolostones.

The Um Bogma altered rocks are composed of large assemblages of
essential and accessory minerals of mixed primary and secondary origin.
Their heavy fractions are rich in radioactive, trace- and base metals - bearing
minerals. These minerals are represented by uranophane, thorite,
uranothorite, xenotime, autonite, zircon, monazite, pyrite, chalcopyrite,
chalcanthite, ilmenite, apatite, colombite, celestobarite, chromospinel,

hemimorphite, jarosite, plumbojarosite, cotounite and native nickel.

The mineral and chemical compositions of the studied Um Bogma
rocks indicate derivation from rhyolites and, to a lesser extent, dacites
source rocks. The depositional environments of the Um Bogma limestones
in Talet Seleim locality was the most reducing as compared to those of
Allouga and Abu Thor localities. Generally, these environments were



characterized by physico-chemical conditions suitable for the fixation of

several elements especially uranium and copper.

Alteration processes largely modified the original mineralogical and
chemical composition of the studied Um Bogma rocks. Ascending
hydrothermal solutions caused a significant alteration of the sedimentary
country rocks especially those constituting the unconformity zone between
the basement rocks and the overlying sedimentary succession. Also, this
zone and the younger rocks were subjected to several alteration processes as
a result of varying degrees of chemical weathering under warm and humid
climatic conditions. Applying several bivariant and multivariant diagrams
for the major elements revealed that these processes resulted in the
formation of different types of laterites, Al -rich minerals, Fe and Mn oxides
and bauxitic —ferritic kaolinite. They involved also sericitization and
chloritization of the rocks in addition to the dolomitization of the original

limestones.

The concentrations of the radioactive, rare and trace elements as well
as base metals in the Um Bogma altered rocks were compared to those of
UCC in order to determine their relative degrees of enrichment or depletion.
The results obtained revealed that these processes varied among the different
rock types and localities. Uranium was mobilized during epigenesis and
subsequently enriched in some altered rocks especially those of Abu Thor
and Allouga localities. Also, alteration resulted in the enrichment of: (i) Cu
in all the calcareous rocks; (ii) Ba and Sr in those of Abu Thor locality; (iii)
Pb and Y in those of Abu Thor and Allouga; and (iv) Ni and Zn in the
argillaceous rocks of Allouga and Talet Seleim localities. Generally, the
altered calcareous rocks of Abu Thor locality are the most diagenetically

enriched in most of the trace elements and base metals.
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