. MINERALOGICAL AND GEOCHEMICAL STUDIES OF
'~ THE BLACK SHALES INTERCALATED WITH THE
PHOSPHATE DEPOSITS ALONG THE RED SEA

COAST, EGYPT
o
> pe
40 // 7 rj 3 :?,
A Thesis submitted to the B

N
/ Faculty of Science, Ain Shams University

Lo e ’“’”""M
- o
o _‘_;.,.J
LT
¥or the degree of
Daoctor of Philesophy
in Geology ,
| T e
90 L
By
Ismael Sayed 1smael

M.Se. Ain Shams University, 1990

,.,-’:’:"m%k}
.o .. ) "“'»\M. E
. o ) R ;
:-I'; N o e T
e " e
~3: i
Cairo
1995

Central Library - Ain Shams University



MINERALOGICAL AND GEOCHEMICAL STUDIES OF
THE BLACK SHALES INTERCALATED WITH THE
PHOSPHATE DEPOSITS ALONG THE RED SEA
COAST, EGYPT

Thesis submitted to the
Faculty of Science, Ain Shams University

For the degree of
Doctor of Philosophy
in Geology

By
Ismael Sayed Ismael

M.Sc. Ain Shams University, 1990

Cairo :
:Q-d:‘p

1995

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ACKNOWLEDGMENT

The author wishes to express the deep thanks to Prof. Dr. M. A. Hilmy, Prof. of
Geology, Geology Department, Ain Shams University for supervising and kind
support and encouragement.

The author wishes 10 express his appreciation to Prof. Dr. A. M. Attia, Head of
Ure Evaluation Department, Central Metallurgical Research and Development
institute, who proposed the point of research, pianned and supervised all steps of

this rescarch.
The author is greatly indebted to Prof. Dr. S. N. Bouls, Prof. of Geology, Central

Metallurgical Research and Development Institute for his supervising and sincere
help.

Special thanks arc due to Prof Dr. ). Lucas and Dr. Liliane Prevot, Prof. of
Geology, Louis Pasteur university, Strasbourg, France, for the lab facilities at the

Geology Department, Lows Pasteur University, where the lab. work has been

carned out.
Many thanks are extended to Prof. Dr. A, N. Shahin, Head of Exploration

Duviston, Guif of Suez Petroleum Company, for his supervising and sincere help.
The author acknowledges with deep gratitude the colleagues at the Ore

Evaluation Lab. for their fnendly assistance and for the various factiities.

Central Library - Ain Shams University



CONTENTS

CHAPTER ONE

CHAPTER TWO

1- Shaley microfacies. .........coie et
2- Phosphatic microfacies............ccoeei i,
3- Siliceons nHCrafACIES ... e

4 Carbonate MICTOFACIES. .o.ooiiee e et et it e eeee et mm e ve e e s ant s anras

CHAPTER THREE

1- Xomay diffTaction . .cocoeiiie e e e
2- Infrared absomption SpeCtrOSCOPY. ... e
3= Thermal A0al¥SES.........ce.vvie st e ee e et ces e e e mn s ee e e
4- Electron mMiCOSCOPE ... ..viivieeiver oo ies oo e eeeaeaeeessntas e easeeeeemssearereeens

5- Crystal structure of clayminerals..................cccoviviiivrineiin e

CHAPTER FOUR

1- Major elements . ..........ooo oo et
2- Trace elemMEBHLS ... et ee e e e et e

J-Rare carth clemiemts .. o e e

CHAPTER FIVE

~ ORIGIN OF THE BLACK SHALES AND THEIR
RELATIONS WITH PHOSPHORITES ... e

CHAPTER SIX

- SUMMARY AND CONCLUSION ...t e

- SUMMARY IN ARABIC

Central Library - Ain Shams University

page

16
16
17
19
19

20
20
49
57
66
72

o1
o1
102
149

172

176
180



LASE O PIEUTCS

Fgure page
| Location map of the studied area. ... ... 2
i Lithostratigraphy of the Duwi Formation & Dakhla Formation in

Red Sea Coast .o e e 9
2 NEWMOD generated diffractograms simulating clay mmerdlugy

Diffractograms are shown a)smectite {40%), kaolinite (60%)

b) smcctite {95%). kaclinite (5%) and c) smectite (90%]),

Kaolinite (5% ), (e {5%0) o e e 24
3 NEWMOD generated diffractograms of a) dinctahedral

smectite with zero atoms of ivon (Fe—0), b)Y diectahedral

simectite witl tron (Fe 1) m the formuola wnit,

citrioctahedal smectite with sero o (e O) and

d) trioctahedral smeciie with iron {Fe-3) i the tormula unit, .. ... 33
4 NEWMOD generated diffractograms simulating clay mineralogy

diffractograms are shown a) /S mixed layer {smectite 70%, illite

30%) b)Y /S mived layer {35%). haolimite (45%) <) I'S mixed layer

(40%), kaolinite (00%) and d} /S mined layer (43%). kaolinite (55%).........34
3 X-ray ditlraction patteim of onented clay (sample no. 131133} ... .35
& X-ray dillraction patiem of oviented clay {sample no. 131149). ... 36
7 X-ray dilfraction pattern of oriented clay (sampleno. 131171y ... .........37
8 X-ray powder diflvaction pattern of nou onented clay

(samiple o L3 LT ) e e 38
O X-ray powder diffraction pattern of non oriented clay ... 30

{sample no. 1127)
I¢  X-ray powder diffraction pattern of non oriented clay

(ample ue 1311200 e 44
Il X-ray dilvaction pattern of oriented clay (sample no. 130123 ... 41
12 X-ray dillvacnion patteen of Ca-saturated. oriented clay

fsampde wen VALEAYY 0 13
13 X-ray diffraction pattern nt oriented clay (5ampEe no. 131 126} ....................... 44
i+ X-ray ditfraction pattern of oriented clay (sample no. 131127 ... 45
15 X-ray diffraction pattern of oriented clay (sample no. 131172y .................47
16 X-ray diflraction pattern of Ca-saturated, oriented clay

{(sample no. 131172} ... e e e 47
17-18 lotiared absorphiion spectra ot some shales sample:,- ......................................... 52-53
19-21 Derivatograms of some shales samples.... e - ..60-62
22 Rhombic diagram for the charge dl:s[rll]u(lml among lhe '(hl ee

position ¢l calions i the structure of 2: | layer silicates. .. .81
23 Tnangular diagram, shows the comparison of charge d1str1butlc-u

of average studied samples with other llite/smectite and

moentmorilonite from other parts ofthe world. ... 34
24-25 Octahedral composition ol the clay |}&rt1cles . FUORRNOPRURROR -
26-27 Difference in the octahedral (Al+Fe™}, Mg aud mter]ayel

K* content of clay particles. .. . B0

28

Average chemical composition of the studled :,amp]es n the MR 2M 3R

coordinates, compared with theoretical end imember muscovite,

eIy < A Bhaee Uivsrsity

.. 88



Figure page

29  Average chemical composition of the stndied samples in the M*- 48i- R?
coordinates compared with theoretical end members of muscovite,

high charge and low charge beidellite and montmerillonite. ...........................8%
30 TiO-/AL (), binary plot for <Zpum fraction (Amajor ,1987).... UURSTURRIU - .
Chemical index of alteration for studied samples, compared to Neshltl and
Young {(1982) approximate scale of increasingly weathered materials........... 99
32 Reiation between organic carbon and Joss in weight at
1100°C in the < 2pm fraction. .. . feeresentesienmnsresenineseniannnieeieseneess LOG
33 Relation between organic carhuu an{l P;Og.% renrernsnmerrnrarrnomeerneaeseenenes 10O
34 Relation between organic carbon and sulfur, ... 100
35 Relation between Sr content and P20s%. . SR USTUUPUUIPRPRRPRPRPON [¢
36 Relation between Sr content and CaO % crereaereeeneene, 106
37  Distribution of Sr in the bulk samples and thelr < Eum ﬁactmns cereenen. 108
38  Distribution of Ba in the bulk samples and their < Zum fractmus. l 10
39  Relation between Mn (ppm) and MgQO%. .. SRS § ¥
43 Distribution of Mn in the bulk samples and theu < 2pm fr&ctmns. ORI | I
41  Distribution of V in the bulk samples and their < Zpm fractions...................... 114
42 Relation between V and Ba K;0%. . .. cvrreremrneninea 1153
43 Distribution of Ni in the bulk sanm]es and theu < 2p.m ﬁactmns SPRRO § I+
44 Disteibution of Zn in the bulk samples and their < 2pm fractions. ..................118
45  Relation between Zn and apatite, caleite, PoOs%. ..o 119
46  Relation berween Co/P;0s and P,0s%. .. veerereereenne. 121
47  Distribution of Co in the bulk samples and the[r < Eum ﬁactmns rrrenrenenee e 122
48  Distribution of Cu in the bulk samples and their < 2um fractions. .................. 123
49 Distribution of Mo in the bulk samples and their < 2pm fractions. ................. 124
50 Distribution of Cd in the bulk samples and their < 2pm fractions. ................. 126
51 Distribution of Cr in the bulk samples and their < 2pm fractions. ..................127
52 Distribution of U i the bulk samples and their < 2pm fractions..................... 128
33 Relation between U and apatite... rreveemraeemireresineraees e neaveens 129
54  Relation between V and Ni, Cr, Zm Cu, Mu Cd SRSV ) |
55 Relation between Cu and Cr, Mo, Cd. . USSP NUIUUPUSTSSRBTREOY I .
56  Relation between Niand Zn, Cu, Mo, Cd U Cr... wetemrresnranereerensesananennes F33
57  Relation between Cr and, Mo, Cd. .. vereeresenneseneeeree 134
58 Distribution of Sc in the bulk samp]es and the:r < Zp,m fractmns. cemrererenre e 133
59  Relation between Sc and clay, 85i0;, ALOs, Fe Oy, TiOL K0l 137
60  Distribution of Zr in the bulk samyples and their < 2um ﬁacﬂons 138
61 Relation between Zr and clay, 8i0;, ALO;, Fe; Oy, TiO, , KO, . 139
62  Distribution of Y iz the bulk samples and their < 2um fractions.. ................... 140
63  Relatien between Y and Sr, Cr, ZHREE. ... 14
64  Enrichment of trace elements in the bulk samples... ... 144
65  Enrichment of trace elements in the <2pm fractiot............ccoooeveeirervvneene... [45
66  Relation between clay content and light REE
“La, Ce, Pr, Nd, Smand Eu”...........coovi i 155
67  Relation between Al,(; % and light REE
“La, Ce, Pr, Nd, Smand En™ ..., 156

Central Library - Ain ShamgUniversity



Figure

68

69

70
i

7
73
74
75
76

77

78

Relation between Fe:(s% and light REE

“La, Ce, Pr,Nd, Smoand Eu™ ... v e e

Relation between Ti0;% and light REE
“La, Ce, Pr, Nd, Sm and Eu™ ..
Relatien betweesn Zr and La, Ce, Pr Nd Sm. Eu Gd Tb

samples and their <2pm fractions. ..

Comparison of shale normalized REE distribution in the bulk N
162
163

samples and their <2pm fractions. . .
Shale normalized REE distribution in the I::-u]k samples

Shale normalized REE distribution in the < 2pm ﬁacﬂonh

Relation between ZLREE/ZHREE ratio and {La/Yb) ratio
in the <2pum fraction. ..

Relation between ZLREE/ZHREE ratio and {Lafo) 1atio

in the huik samples. ..

Retation between (La/YD) ratio and REE content of djﬂ"erent
... 168

types of rocks (afler Allegre and Michard, 1971). ..

Relation between {La/Yh) ratie and REE content in the studicrl

bulk samples. ..

Central Library - Ain Sharrhc,i University

page

157

e 138
Comparison of shale normalized REE distribution in the bu]k
.ol

164

.. 167

...167

L 1T0



List of Tables

Table page
i General description of the studied samples.... N i L4
| Semiquantitative mineralogical composition uf non ciay sedunents ...,.21

Semiquantitative mineralogical composition of clay sediments excludmg

clay minerals. .......... w23
3 Semiquandiialive nnneralogmal c{:-mpusﬂmn of the clay sedlmeuts mcludmg

clay mmerals. . e 2

The d-spacing value.s {m .mgstrom] for the {U {}4) ( 140} {402] & (23 l} ........

peaks and the luttice dimensions of the apatite. . PO PTOTIOTO .o |
5 Semiquantitative mineralogical analysis of the cla}f mmerals SRUURUTRN: 3 |
& Infrared absorption spectra of the studied samples SD
7 Thermal analysis data of the studied samples. .. U TUTTURUO NPT .
8-15 FEleciron microscope analysis of clay particles............... - F3-8¢
16-23 Structural formuia, calculated for half unit cell uf c]ay pamcles 73 80
24 Seructural fornla of average studied samples, compared to other

mentmorillenite and illite/smectite from other parts of the world....... ..........83
25 Coordinates of ideal muscovite, high charge and low charge

beidedite and montmorillonite in the M'- 48i - R* system. .....................87
26 Chemical composition of the bulk samples. .. S PSPPI, .4
27 Chemical compesition of the < 2um f‘raumn rreeereneiaeen 93
28 Concentration of major elements in the studled samples relatwe

to other average shales. ... crerrareereen. 94
29 Si02/ALD; relation in thc bu]L samples and thcu < Zum fractmus v I8
34 Chemical ndex of alteration {C1A) for the < 2um fraction. .......................98
31 Trace elements contents in (ppma)} of the bulk samples. ..................c........... 103
32 Trace elements contents in {ppm) of the < 2pum fraction. ... 104
33 Sr/Ca rauio of the most calcitic and dolomitic samples........................... 105
34 ¥/Ni rai:o of the bulk samples. .. IS 1 -
33 Conocentration of the trace e]emeﬂts in thc studled samp]cs rt:latwe

to average shales (data in ppm).............. ceeremrereeeanen, 143
36 Matrix array of correlation cueﬂiment for the sludled sample& cvreieeee. 148
37 Raire earth elements contents in (ppm} of the bulk samples....‘...,,,,.......,....... 150
38 Rare earth elements contents in (ppm} of the < 2Zpm fraction. ..................... 151
39 Rare earth elements contents in (ppm} of the average shales and

Morih Aiuerican shales. . PO ORI UOPEUTUOPRPOTUTP | .-
40 Matrix array ofcorrei.mﬂn weﬁlczent for RR.E [TTTOSTOTPPUPTOURTNTRITSTUI b ¥

Central Library - Ain Shams University



MINERALOGICAL AND GEOCHEMICAL STUDIES OF THE

BLACK SHALES INTERCALATED WITH THE PHOSPHATE
DEPOSITS ALONG THE RED SEA COAST, EGYPT.

By
ISMAEL SAYED ISMAEL AHMED

Central Metallurgical Research & Development Institute

Abstract

The organic rich black shale {Upper Cretacecus-Lower Tertiary) intercalated with and
capping the phosphate deposits along Red Sea Coast have been petrographically,
mineralogically and chemically studied in details using the polanizing microscope,
clectron microscope, X-ray diffraction, infrared, differential thermal analysis,

quantimeter arc spectrometer and inductively coupled plasma.
The study reveals the presence of four microfacies namely :

a} shaley microfacies b) phosphatic microfacies <) siliceous microfacies

d} carbonate microfacies.

The almost perfect lamination of shales and tts flexion around foraminiferal
tests reveal that these foraminiferal tests were depostted in situ under calm water
conditions. Pynite associated with the organic matter reveal reducing conditions of
deposition . The phosphatic particles occur in the form of nncoated and coated grains
as well as skeletal debris (bones, teeth......etc.) of variable sizes. Pyrite occurs as
framboidals or disseminated euhedral grains normally resulting from the reaction of
iron with H,S, produced by bacterial reduction of sulfate in anaerobic environment.
Gypsum occurs as baguette like form, randomly oriented fibrous, and very fine plates
of imegularly closed small books. Gypsum might have been formed as a result of
oxidation of pyrite. Halite recorded in some samples may be the result of evaporation
of saline water formally present in the pore spaces of sediments. Smectite is mainly

detrital in origin. It was mainly formed as a result of alteration of parent rocks
Central Library - Ain Shams University



predeminantly granitic to mixed granitic basaltic rocks in the presence of relatively

moderate to bad drainage coupled with rapid deposition in calm water.

Authigenic kaolinite identified in a number of samples may be the result of the
alteration of  smectite. Apatite formed by the mineralization of the orgamc
phosphorous from the soft parts of organisms. This mineralization occurs during very

early diagenesis by microbial mediation.

The chemical composition of the bulk sampies reveals that 510, Al,Oy, Fe;Os,
Ti0; and K;O are normally related to clays. Hewever, part of Fe;O, and TiO; may be
related to pyrite and rutile respectively. No correlation was found to exist between the
" heavy metals ° V, Zn, Ni, Cu, Cr, Mo, Cd and U’ and organic matter. This may be
attributed to dissolution or migration of the organic matter, which loses part or all of

13

#s metal content on other phases ° e.g. clays or apatite’. The studied shales are

normally enriched in { Cd, Mo, U, Zn, V and Cr) compared to average shales. The
long exposure of organic rich sediments to normal or abnormal sea water can lead to

abnormality in the concentration of these metals.

Key Words:

Mineralogical - geochemistry - black shale - Red sea - Egypt - phosphate.
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CHAPTER ONE

INTRODUCTION

Guselr and Safaga areas are paris of the Eastern Desert of Egypt at the Red Sea Coast
{(Fig.1} , gaiued their importance since five decades when the phosphate deposits of Gebel
Dowi Range were discovered aud explotted. At the present time most of the mines are
abangoned due to low grade of the remaining phosphate deposits and the effect of
international competition of the Moroccan and Jordanian ores. The exploited phosphates in

some nunes are usually intercalated with and capped by shales.

The Egyptian phosphates are shallow marine deposits of a general Upper Cretaceous age.
Their maximum inteusity of deposition  was associated with the transgressive shore line of
Late Campanian or Early Maasterchtian sea which encoarashed from Nerth to South over

the northern slope of Afiica.

The present study, deals with the peological, mineralogical and geockemical
characteristics of shales { including black shales) intercalated or cappimg phosphate deposits
in Quseir and Safaga regions, which may throw more tight on the depositional environment

and diagenetic processes of these sediments.

General geological and stratigraphical situation

The region extends in a north west direction along the wesiem coast of the Red Sea from
South of Quseir to Safaga in between latitudes 25° 50°- 26° 67 and Jongitude 33° 45' -

34° 25", covering an area of about 500 Km®

The complex geology and tectonics which characterize this region are attributed to its
confiuement t¢ the boundary between the Arabo - Nubian massif and Gulf of Suez .
taphrogeosyncline. Faulting with dominating NW trend are the main features in the region
aud its complicated horest and grabens. Basement rocks form bold masses which cover the

major parts of this stretch.
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Fig. (1): Location map of the studied area.
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The Upper Cretaceous and Lower Eocene sediments are preserved onby m those tectonic
blocks which have mostly synclinal structure. They foam isolated hills of faulted elongated
basin,

The sections at Quseir and Safaga areas were described by many authors including
{Barron and Hume,1902; Ball. 1913; Youssef 1957; Faris and Hassan,1959; El Akad and
Dardir, 1966; Abdel Razik, 1967 & 1972; Issawiet al, 1968 & 1971, El Tarabili, 1966 &
1969; Ginidy et al, 1973 & 1976, Hassaan et al, 1979; Mohammed, 1982; Saad, 1983;
Hassanin er al., 1983; Philobbos et al, 1985; Hassaan et al., 1985 ; Ramadan, 1992).

The stratigraphy of the exposed sedimentary rocks was described under the following

rock units according to the classification of Said (1962), from bottom to the top as follows;

1. Nubia Sandstone

2

. Quseir Variegated Shale

Loy

. Duwa "Phosphate” Formation
4. Dukhla Shale

5. Chalk {Targwan Chalk)

6. Esna Shale

7. Thebes Formation

8. Nakheil Formation

1 - Nubia Sandstone

The term Mubia sandstone was first introduced to the Egyptian stratigraphy by Russegger
{1837), who used the term " Sandstein Von Nubien” and was used to designate non
fossiliferous  sandstone section in  Paleozoic or Mesozoic succession. It is the oldest
sedimentary bed, rest uncouformably over the basement complex. The bed occupies many of
the topographic lows i Quseir area {Said,1962). It consists maialy of well soried fine to
coarse graits, brownish, yellow sandstone. It is weathered specially towards the upper part.
The thickness of this unit 15 in the range of 130m in Quseir area {lssawi et al., 1968).
According to Ward et al., (1979} and Van Houten et al., {1984), this unit can be divided into

three members described as facies. This unit is assigned a Senonian age (Issawi et al., 1968).
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2 - Quseir Variegated Shale

This formaiion was introduced by Ghorab, (1936}, who considered it as a separate
formation and named it " Quseir Varicgated Shale". The varicgated shale consisis of
varicoloured shale ( gray, brownish yellow, green, reddish, violet and blackish) alternating
with vellowish sandstone at Gebel Doawi. The Quseir variegated shale is considered by earlier
authors {Awad and Ghobrial, 1965, Abdel Razik, 1970 ; E]l Naggar and Ashor, 1983 and
others) as a part of the Nubia Formation. The thickness of this unit is in the range of 70m in
Gebel Atshan {Said, 1990), It is noanfossiliferous, with the exception of rare plant remains,
bone fragments and fish teeth. Seward (1935) concluded that these piants must be grown in
nearby places in humid tropical climate. The upper boundary of the Quseir Vartegated Shale
contains some phosphate baads. These phosphate bands range from 10 - 20 cm in thickness
are found with indurated sandstone in Gehel Duwi, while they are associated with shale in
Wasif section { Glenn, 1980). Lithologically the upper part of Quseir Variegated Shale is
very similar to the shale lithofacies of Duwi Formation (Glenn and Mansour, 1979). The age
of this formation is regarded to be Senonian {Said, 1962).

3 - Duwi "Phosphate" Formation

In 1900, Barron noted the presence of phosphate beds m the Eastern Desert. Y oussef
(1949 & 1957) described the Duwi Formation and classified the exploited phosphate in
Gebel Duwi into three beds, the upper Atshan bed, the middle or Duwi bed, and the lower or
Hammadat bed. Said (1962) extended the use of Duwi Formation to laminated gray clays
and chert phosphatic bands at Safaga and subdivided the whole section in the Red Sea area
into three members {Atshan} or "A" member separated from the middle {Duwi) or "B"
member by an Oyster limestone bed 6 - 16m in thickness and lower {Abu Shegala) or "C”
member, separated from the middle member by shale unit of variable thickness 6 - 10m.

The Duwi Formation in the Quseir - Safaga coastal region comprises a heterogeneous
suite of shallow marine rocks that hies stratigraphically above the Quseir Variegated Shale
and below the Dakhla Shale. The rocks of the Duwi Formation are delineated into
phosphorite, shale, siliceous claystone, gluconitic sandstone, cheri, dolostone, marl and

reefal limestone lithofacies { Glenn and Mansour, 1979).

The Phosphate Formation can be subdivided into three members, the lower “C" member
separatedEomahe middle memheEbisaction wf patipgated shale of non marine to marginal



