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ABSTRACT

The present work deals mauinly with the mineralogical
and chemical composition of the coastal dune-sands which
extend {$rnom Edho 1o southeast Rosetta City. Foecusing 44
made on the chemical compoAition of each of the ecconomic
minernads, 4in addition to the nedlection of the chemicatl
composition on the physical properties o4 2he detected -
minenatls, In  onden to canny out the present study, 19
boreholes wene dnilled in the area undern condiferation by
the Nuclear Matenials Cornponation. 108 samples wene naised
and subjected to quantitative mineralogical analysis. For
the detected economic heavy minernals, grain Adize analysis,
¥-nay didfraction and chemical analysis were rmde. i

The mineralogical studies neveal that the dune sand
deposits appear 1o have been derived, by wind action,  4rom
the adjacent beach  deposits. The conditions . of
transporntation anddepo&ﬂ.onmnaihm“{ewwmﬂw
north than in the south. Southuwonds grom the studied area,
thenre is a Aight decrease in heavy mineral contents.

Size anatysis §or economic minerals indicates that they
concentrated muinty in the veny 4ine sand grade, uhuethz
average contents of magnetite, hematite, ifmenite, s
gawnet, zircon and monazite are 0.40%, 001% 043% 0.27%, "
0.08%, 0.06% and 0.003% azApectauety _ o

Chemical analysis confinmed the X-nay diféraction
analysis that the studied heavy minendls appear -to  have
subderned 4rom altenation nvroesiros whinh allorntod +#hain
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INTRODUCTION

— The. coastal duné belts alonglthe Meditefranean Sea
Coasf contain valuable economic mineraié accumulated  and
heaped from the Egyﬁtian beach Aeposits by wind action (El-
Gemizi, 1974). Prev%oﬁs studies made on fﬁese recent
coastal dune-sands idid " not treat .7in detail the
mineralogical and chemical composition of these deposits

' (Shukri and éhillip, 1959, Barakat and Imam, 1973; El-
Gemigi, 1974; El Ea&oumy et al., 1974, E1—Fishawi et al., =
1975; Sestini, 1975; Kemel et al.,” 1982 and Misak and

Attaia, 1983). Most authors mentioned dealt with the

geomorphological characters of these recent coastal dunes.

The present work deals mainly with® the .mineralogical
and chemical composition of the coastal dune-sands which

extend from Edko to southeast Rosetta City (Fig. 1).

TRCHNIQUE

108 samples were raised from lg'boreholeév drilled 1in

_ the area under consideration by. the' Nuclear Materials

Corporation. These boreholes-pierced the crests of each

dune up to six ;eters depth. Samples were taken, as a

rule at regular intervals every one meter depth.

Mineralogical.analysis was made on the collected samples to
eVakﬁét; the distpibu;iéﬁ'of the recorded  heavy qiﬁegais .



A. M. Ibrahim et al ‘ 481

o, o r % a7
& //-Q/ ‘J‘“ 1“»““" N
« [ 4
AQSETTA 5 Yo,
s 11
K Fus [ oy '
o . “;" Eaqi Laks B
. I
- = e o
\/ v’ |
]
o 3 ’
2 Western Dasert
1}
2 =
.; .S
e Aad
E J =
£’y Wy

Fig.C 1) Location map showing the horehol-~ distributiom,
the studied area and the contou 1es in metevs

e e i e




482

Heavy minerals of Rosetta Egyp{:

I

Tadble 1; Vertical relative frequencies-of the main recorded minerals in

five boreholes made in dune sands.

A o4 Magnetite Hoamtite Iimenite ‘Mutile Garnet
g3 : .
- g
nm.ﬂoﬁ_admdaﬁzdo_aSz_w_odN._aGdo_N:B
- -
1 |0.60 0.66 0.696,0.1 0.10| 0.01 0.01 0.01 0,03 0.005{ 0.'0 0.26 0.68 0.31 0.08] 0.23 0.28 0.23 0.20 0.14] 0.05 0.00 0.03 0.13 0.03
2. 10,18 0.75 0.67 0.99 0.22; 0.004 0,005 0.007 0.002 0.01 | 0.43 0.14 0.77 0.32 0.27] 0.21 0.32 0.35 0.15 0.20] 0.06 0.03 0.24 0.04 0.10
s |0.20 0.62 0.52 0.16 0.25| 0.01 0,01 0,004 £.004 0,02 | 0.32 0.40 0.43 0.25 0.31| 0.25 0.50 0.17 0.17 0.20] 0.05 0.16 0.07 0.06 p.07
" .
4 1037 .0.40 0.48 0.39 0.22) 0.0z 0.009 0.01 0.007 0.004] 0.42 0.58 0.42 0.27 0.57| 0.34 0.36 0.20 0.26 0.23}0.16 0.11 0.03 0.05 0.15
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na:.n.._.mga 1: Vertical relative frequencies of the main recorded minerals in .
five boreholes made in dune sands.
; , —
.M 5 Zircon ; . Monazite mnﬂmxuﬂ n“.a_w Green silicates Quartz and m&._uv:,,u
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M.m_.o 12 14 1911 6 12 14 19 1- 6 12 1 1911 6 12 14 191 6 12 14 19
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3 p.03 0.11 0.06 0.0z 0.05] 0.001 -  0.007 -  0.001] 0.58 2.81 0.67 1.35 0.52{ 11.07 8.99 10.18 8.60 m.&T.S 87.68 87.16 88.88 91.97
A4 p.07 0.04 0.11 0.06 0.08] -  0.003 0.009 £.003 - 1.25 1.07 0.68 0.89 0.77| 10.08 3.77 848 9.74 m.a_s.s 87.66 87,55 87.75 92.14
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both vertically and laterally (Tables 1,2,3)Ti A composit
sample (27 Eilograms) representing the collected samples

was subjected to quantitative mineralogical analysis.

Magnetite and the st;ongly magnetic altered silicaﬁes were
separated by hand magnet. Monazite was deter;ined by the
relative radiometric assay. . Zircon and rutile were
determined by X-ray fluorescence spectroscopy. ' Ilmenite,
magnetic zireon and rutile, garnet,’ hematité; lucoxene,
coloured and colgurless silicates were microscopically
counted. The estimated economic minerals are givén inltable
(4). Thinetected economic mineral grains were sq?jected to

grain size analysis to estimate minerals distribution among

the different grain  sizes. Bach size fractidén . was

e 7 » A .
" subjected to microscopic counting in order to estimate the

distribution of each‘pineral in the different grain sizes.
The obtained data are sho;n in Taple (5). A Each of the
estimated econqmic mineraln was sﬁbjectgd ‘ to X-ray
diffraction exaﬁinafion to determine»rand rgyeal its
predominant  type, exsolved titaniferrous minerals
associa;éd if present, as well as the mineral alteration
products (Table 6 and figs. 2-8). The identifibation of

the recorded minerals was carried out using the A.S.T.M.

cards as follows:
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fable 3: Runge and averuge frequencies of the miin recorded minerals
in the studied dune sunds.

Direction 7 Northern = Southern ™
horeholes - boreholes

Mineral Ranye Average  Range Average
Mignetite 0.17-0.75 044 0.10-1.05 0.35
tiemtite 0.002-0.03 - 0.0uy 0.002-0.03 0.01
[lmenite 0.14-1.10  0.48  ° 0.08-0.07 0.37
Rutile 0.17-0.50  0.28 0.14-0.3y u.25
Gamet - V 10.03-0.24  0.08 0.03-0.15 '0.07
Zircon _ 0.03-0.16 6.07 0.01-0.14 0.u5
Monazite 0.00-0.009  0.6u3 0.00-0.01 0.003
Altered silicates 0.50-2.81  1.10 0.%4-1.61 " 0.85
Frésh silicates ) 3.77-12.11 8.92 3.2-12.66 8.21
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1. Magnetite using lines at .  d=2.53,1.61,1.48,1.85A

[

R

(A.S.T.M. Card 11.614).
2. Hematite using lines at d=2.69, 2.51, 1.69, 3.68A

(A.S.T.M. Card 6.0502).

3. Ilmenite using lines at d=2.74, 1.72, 2.54, 3.73A
- " (A.S.T.M. Card 3.0781).
4. Zircon using lines at d=3.30, 4.43, 2.52, 4.43A

(A.S.T.M.Card 11.6.0266)
5. Niobian Rutile using lines at d=3.23, 1.69, 2.48, 3.23A
(A.S.T.M. Card 11.396).

6. Almandite garnet using lines at d=2.57, 1.54, 2.87,4.04

(A.S.T.M. Card 9.427).

7. Monazite using lines at d=3.09,2.87,3.30,5.20

(A.S.T.M. Card 11.556).

” Representative pure samples for the different detected
economic minerals were chemically analysed. The tube

existed fluorescence analyszer TEFA was used. The results

obtained ‘are shown in Table (7).

RESULTS AND DISCUSSION

The _ relative frequency distribution of the heavy

minerals recorded in the studied area show that ilmenite,

" magnetite, .:utile, garnet,. zircon, hematite and monazite

' exhibitléuccessiveiy debtéasing'fréquenpies,f yetfthey show

486
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Table 5: Relative distribution for the detected”
_economic heavy minerals in different

size classes.

488

-

Si:; fraction Magne-. Ilmenite Rutilé ‘Zircon Monuzite

in (rm) tite

+ 0.25 - - - -

-0.25+0.125 5.01 0 7.2 10.92 3.7 136+
~0.125+0.003 95.60  84.43  87.34 88.01 85.34 )
-0.003 1.39 8.32 1.73 .25 1.05




A.M. Ibrahim 489

vertical persistency both qualitative and more or less
quantitatively (Table 1). Besides, they show lateral
variations which is manifested by slight_increase in the

"~ heavy mineral contents from south north&ards (Tables 2,3).

it isbtherefore, concluded tﬂat the provenance was the,

same during the time of deposition and this prpvenaﬁée _is
represented Sy beach—deposits lying to the north of area
under investigation (Atef et al., in press)./ Tﬁe

- conditions of transportation and deposition were locally
rather different in the northern dunes than‘in the southern
duhes, wherg southwards there is a slight decrease in heavy

mineral contents.

The mineralogical and chemical composition of the
detected coastal dune minerals reveal the following:-

»
a) Economic minerals: -

Magnetite: It has.aﬁ average content of 0.40%, the
‘grains ar generally subangularAto subrounded, clustering in
the véry fine sand-grade (Table 5). . X-ray diffraction
analysis for m;gnetite reveals the presence ofvheﬁatite and
ilmenite minerals as exsolved material (Table 6, Fig.2).’
This indicates that the magnetite suffered from alteration
processes. Chemical analysis for pure magnetite samples
(Table 7) sﬂpws relative high titanium content confirming

the X-rav diffraction data that magnetite suffered. from
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j ;a1teration  processes, where' titanium can enter the
gmagﬁetite; structure and there is a continugus relation
betﬁeeh magnetite and the ulvospinel molecule Pé TiO .
(Degf et al., 1979). 2 ¢
Ilnenitef'It has an avrage content of,O.&3Z;\the graiﬁé
afe:mainly clustered‘f; the véry fine sand-grade. To study
vthe alteration of the mégnetic ilmenite fragtions separated
at 0{05 amp., 0.15 amp., 0.20 amp., 0.30 amp., 0.40 amp.
and 0.50 amp. {(due to magnetié susceptibility), X-ray —
Qiffraction patterns of 0.050 amp; and 0.15 amp. reflect to
some extent weak lines for ilmenite and detect the presence
- of the exsolved t%tani—ferrous magnetife bodies. (Fig.3).
The intensity linesrof ilmenite decrease froﬁ _ﬁodérately'
magnetic :fraction (0.15 amp.) to weakiy magnetic fraction
“(up vto 0.30 amp.) in which theAcrystals of ilmenite is
éompletely destructed as the pattern becomes véryvc105e to
that, of the amorphous state (Stage 2). The liné
intensities ;f rutile ( Stage 3, as described by Bailey,
11954) get more developed in 0.40 ;mp{, and 0.50 amp.
magnetic fractions (Pig.A). Chemical composition for the
three strongly, mo?eratély‘aﬁd;ﬁgakly magnetic fractions of
ilmenite  reveal differences as the magnetie
susceptibilities and ~the deéree of ilmeﬁité’ alteration
differ.” ~ The strongly 'mégnetic“(fresh ilmenite) is

s

characterized by its low titanium and manganesé -contents,
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high iron vanadium and chromium contents and vice-versa for

the weakly magnetié fraction (lucoxenated ilmenite).

Rutile: It is recorded in the studied coastal dune
.sands ~with an average content of 0.27%Z. A The grains - are
mainly clﬁsteredin the very' fine sand—grade.
Mineralogically four varieties are recorded = namely.
Secondary rutile, niobian rutile ferriferrous rutile .and
translgcent primary (normal) rutile. X-ray diffraction
_(Figs.S,é) and chemical compositioq studies show that
variations in the physical characteristics oflthe rutile
minerél is due -.to variations in the chemicai composition.
Secondary rﬁtile is characterized by its low titanium

vanadium - and calcium content and relatively high.iron and

chromium content, contrary to that shown by primary

translucent (normal) rutile.
S

Garnet: It has an average content of 0.08%, the grains

are generally subrounded and clustered in the very fine

sand-grade. X-ray diffraction pattern illustrates that

-

alamandite is the main garnet variety (Fig.7). Chemical.
analysis data of the studied dune garnet reveals that the

iron dontent is relatively higher than manganese content.
. . . -/

confirming X-ray diffraction results.

Zircon: It has an average content of 0.06Z and

Aluetrnmad in tha verv fine sand-erade. The crystals of the

-

s
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7: Data of spectrographic chemical analysis’of

mineral fractions of coastal diuge sands.

the studied economic
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Vierls . 0, »uou a0 fe Ou. Tio;  wo V05 cr No.w K90 u b Ir [y u
[ N «
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. 3 .8 0.9% n.d n.d n.d n.d n.d n.
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e i 00 0.547° 60,408 3S.89Y 0426 g.gue 1.8 tad  nd. nae ad. nd  nd
be] o )
& Moderately mgn, 0.065  0.008 0.390  S7.M4 41,595 0.537 0.33 0.25% . n.d. nd nd nd nd  nd
g 0.5 am. . : ) . .
= weally mog. . ‘ .
= aw 1y rop 0.088 0.0t 0.55%  S1.655  J45.65) 0.627 0.200 . 0.205 n.d. nd nd nd nd  nd
0.20 anp. ) .
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£
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-

amber colour zircon variety are well preserved as

"idiomorphié .biéyrémid cerystals while the other coloured

s X .
' varieties show oval, needle, barrel, subrounded and rounded
grains. This phenomenon may be attributed to the
ultrastability of -amber zircon over the other recorded

.

coloured varieties. Chemical composition confirmed the X-
ray diffraction analiéis that the orthosilicates of

tetravalent zirconium are the main varieties of the zircon

" group, where the orthosilicates of tetravalent thorium are

absent (Fig.8).

Monazite: It is present in a very minor amount. It has

average content of 0.003ZX. The grains are generally

. rounded to subrounded and mainly clustered in the very fine

sand grade.

b)  Gangue minerals:

) ..Pyroienes, amphiboles, tourmaline and sfaurolite were
: dete;ted in the studied coastal dune sands and were
Qonsidergd as coloured silicate.gangue'minerals; | Apatiie,‘
'A Eyanite, quértz and feldspars are c}assified as colourless
gangue minerals. It is igtgrggging to notice that in the
coloured altered /iron bearing silicates of olivine{.
pyroigues and amphiboles the magnetite was liberated by the

" action of weathering and alteration composing patches of

magnetiﬁe" inclusions. ,iThQSe=inq1usions cause an -increase’
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in the magnetic susceptibilities of these altered grains to

the extent that they can be separated easily with hand

magnet.
CONCLUSIONS

The study of the mineralogical characters and chemical

composition of the recent coastal dune sands southeast

Rosetta city reveals the following:

1. Relative frequencies of the_recorde§ minerals in. dune
sands reveal that, the conditions of trénsportation and
deposition" were locally rather different in  the
northern'idunes than in the southearn dunes, ﬁheré
_southwards there is a slight dec?éése ia heavy miﬁeral-
contents. The dune sané depoéits appear to have been

derived by wind action from the adjacent bééch'deposits

lying to the north of the studied area. -

2. Size analysisAfor economic minerals indicates tﬁgt they
clustered mainly in the ve;y fine sand gtade where the
average :content of magnetite, Ahematite; ilmenite,
rutile, garnet, zircon and mon#zite afé 0.40%, 0.012;

" 0.27%, 0.08!,.0.062 and 0.003Z_re§pectivé1y.

3. Chemical analysig confirmed the X-rayi diffraction

analysis fhat the studied heavy minerals suffered from

alteration  processes and variation in  physical
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characteristics, thus reflecting variation in ~the

chemical composition.
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