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COMPOSITION AND ORIGIN OF ”PHOSPHATE-LIKE”
SEDIMENTS FROM EGYPT

Abstract. Apparent phosphatic sediments have been frequently recognized within the Upper
Cretaceous—Lower Tertiary sediments of Egypt.

The geochemical and mineralogical investigations have shown that these sediments are very
poor in apatite, but rich in clay minerals kaolinite and smectite, quartz, calcite, aragonite, and hema-
tite.

The megascopic appearence of such phosphate-like sediments can be attributed to: 4 — pre-
sence of pelletal glauconite and shell fragments, B — yellowish-brown colour due to hematite-limo-
nite impregnation, and C — variable sand grain size and poor degree of sorting.

These sediments are believed to be deposited in a shallow marine conditions below wave-base.
They were affected by extensive diagenetic processes that led to serious kaolinitization.

INTRODUCTION

The present work deals with the composition and origin of the phosphate-like
sediments encountered in Darb El-Bahnasawi area, 7 km to the north of Qur El-
-Abyd to the west of the Nile, latitude 28° 47’ N, and longitude 30° 14’ E (Fig. 1).

The studied area is covering about 200 km?, where the Eocene rocks with its
characteristic carbonate facies predominate. Topographically, the area is low hilly,
dissected by small valleys, generally dipping to the north.

The distribution of investigated sediments is so wide as to be correlatable for
a long distance till the Ammoniten-Berg area, in western most side of the Dakhla
Oasis. This megascopic appearence was found to be the main cause for considering
these sediments as phosphorite beds through correlation. ;

The material for this work consists of 30 samples collected from the stuglled area,
where the bulk, sand and silt fractions were analysed separately. In addlt.ion, feyv
samples were subjected to scanning investigations in order to elucidate the diagenetic
changes. Some selected samples were examined by XRD method to reveal their
mineralogical composition. i

The analysis were done in the laboratories of the Institute of Geology, Bergen,
Norway, using an XRF apparatus.

STRATIGRAPHY

Upper Middle Eocene section in Darb El-Bahnasawi area is generally similar

to those recorded from other parts of Egypt. :
The exposed section in the investigated area 18 120 m thi
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ck, mainly of calcareous
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Fig. 1. Location map

and clastic facies. Following are details of the lithostratigraphic sequence from base
to top:
1-Samalut Formation, This term was introduced first by Bishay (1961) as the
equivalent of the Mokattam Formation (Zittel 1883) at the locality opposite Samalut
city. At the type locality, the formation is up to 160 m thick, consisting mainly of
snow white nummulitic limestone.
In the studied area, the exposed section is 58 m thick, built up mai i
1 » the _ » nly of multi-
goloured crystalline fossiliferous limestone, containing mainly nupmmulitZsO e(r:r}:?ng—
ides, and shell fragments. It is Middle to Upper Lutetian in age. f
2-Rayan Forp!ation. It is conformably overlying the Samalut Formation. and
represents transitional transgressive and regressive phases. Its name was int’rodu-
ced by Beadnell (_1905) who describes 129 m thick section at Gebel Rayan (Fayum
area). In the studied area, the section is 41 m, composed of phosphate-like sedimyut
and sandstones in the lgwcr‘ part, and fossiliferous limestone in the upper part wor]
i ’Ir;}lz. Ra)(/;.(r)x Fot;lmz;uon 121 overlain conformably by the lower part Opra.zzun
rmation m thic i itic li g
ekpesig ick) mainly composed of nummulitic limestone with chert con-
The Rayan Formation is the equivalent of the Mok
/ ( attam Form:
foscd by thte} (1883). Accordmg to Said (1962) the term is desiglrittin only th
v‘;ﬁ‘:tngt,t t\;the the u;IJ:pcr part is the equivalent to the Maadi Formatiof (tlﬁ?i qtuie
e Qazzun Formation). T| ions i ;
. n). The age of both formations is Upper Lutetian.
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Fig. 2. Lithostratigraphic section of the Middle Eocene, Darb El-Bahnasawi area



PETROGRAPHY

The microscopic examination of the sediments in question revealed that: ;

1. There are no phosphatic constituents which could be the basis to call this
association a phosphatic sediment.

2. The examined rocks contain: peletal glauconite, shells, shell fragments, and
quartz grains embeded in a micritic matrix (Phots. 1 and 2). : /

3. All the constituents show varying grain sizes, especially quartz, displaying
poor degree of sorting. : 3

4. The pelletal form of glauconite and clear symptoms of its compaction (Phot. 1)
in association with shell fragments of different size. All these properties were giving
identical megascopic appearence as phosphatic sediments. \

5. Accessory iron oxides as hematite and limonite give the yellowish-brown
impregnation of the sediments.

6. Clay minerals are contained in the matrix with micrite. !

The above presented petrographic observations are believed to be the main
causes responsible for such megascopic appearence. e

The sediments were subjected to extensive diagenetic processes resultmg in mor-
phological changes and alterations. These processes could be characterized in a non-
-chronological manner as follows:

1. Compaction as a result of load effect is a general phenomenon characterizing
carly stage of diagenesis. This leads to morphological changes of glauconite grains
(Phot. 1). In the same time it indicates the softness of glauconite grains which could
be explained by the low maturity of this mineral (El-Sharkawi, El-Awadi 1982).

2. Etching and corrosion of calcite (micrite) grains in glauconite pellets, shells,
and shell fragments (Phots. 2 and 3).

3. Kaolinitization of quartz grains is also widely observed within the studied
samples by scanning technique (Phots. 4 and 5). In (Phot. 4, quartz grains are seen
to be kaolinitized, whereas (Phot. 5 shows the mechanism of kaolinitization (K)
takes place at free surfaces, while the rest of quartz (Q) is still not affected. Phots. 6
and 7 are the scanning images of Si and Ca distribution of (Phot. 5, where calcite
“rhomb” (right side) is clearly seen. Calcite grains are seen to grow at the expenses
of the host quartz grain.

4. As a late diagenetic stage, secondary filling by halite as void filling dividing
syntaxial crystallization of calcite (C) which in turn is seen growing up on a mont-
morillonitc body (M) as could be seen in Phot. 8. The scanning images of Cl, Ca,
Si, Al, and Ec of Ph.ot. 8 are presented in Phots. 9—13. In Phots. 9, 10, and 11, the
fields of hallt.c, calcite, and montmorillonite are clearly distinguished respectively.

5. Dolomite “rhombs” (D) as latest diagenetic stage products are clearly seen
to be foymcd after calcite (Phot. 14). The flow-like structure displayed by the apparent
prismatic crystals of calcite (Phot. 14) was revealed to be that the prisms are actually
micritic crystals (Phot. 15),

MINERALOGY AND GEOCHEMISTRY

~ The collected samples from Darb El-Bahnasawi were chemically analysed
in order. to determine the major and trace elements. The samples were preliminary
mechanically analysgd to separate the sand and silt fractions. The following major
oxides were detcrmqu: Si0;, Al 04, TiO,, Fe,0;, MnO, CaO, MgO, K,O0,
Na,0, and P,0,. Besides, the following trace elements were determined+ Zn, Cu,
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Table 1

Results of chemical analyses of bulk, sand, and silt fractions

MAJOR TRACE
Fr > Sand* Silt* . - 4 Sand* Silt*
Oxides Bulk fraction fraction Element Bulk fraction fraction
Si0, 20.49 31.52 22.28 Zn 130 205 163
Al, 04 6.52 12.46 8.38 Cu 33 38 41
TiO, 0.23 0.55 0.46 Co 54 46 39
Fe, 04 14.16 9.12 9.35 Ni 169 38 39
MnO 0.21 0.21 0.22 Cr 75 107 47
CaO 20.51 18.53 23.24 v 104 155 78
MgO 2.31 2.52 1.96 Ti 1489 3416 1576
K;0 0.23 0.91 0.20 Ba 212 247 132
Na,0 1.58 0.19 2.29 Nb 9 19 25
P,0, 0.28 0.32 0.20 Sr 570 510 1029
LO.1 32.98 24.16 31.42 Rb 26 35 18
—e [ — ] R La 32 47 25
Total 99.50 99.77 100.0 Y 14 11 17
Ce 74 60 97
Nd 42 34 56
Zr 87 162 164
1« all values are in wt %, 2 — all values are in pp;r;.> g

* Average 10 samples in each fraction.

$0i)lNii Cr, V, Ti, Ba, Nb, Sr, Rb, La, Y, Ce, Nd, and Zr. The results are given in
able 1.
The separated fractions (bulk sample, sand, and silt) were X-rayed using diffrac-
tometer method. The obtained results are illustrated in Figure 3.
The mincralogical components are represented by: quartz, calcite, kaolinite
smectite, halite, hcmaptc, limonite, and small amount of apatite (Fig. 3). f
In the sand a.nd silt fmctions, kaolinite and smectite-illite mixed layer could be
dct%::cd supporting the idea of kaolinitization of this sediments.
hemical analyses of bulk samples, as well as of sand ¢ silt fracti ‘
represented as follows: s Bl FVS
é. }]j}favy metals a';d Ti are mostly concentrated in the sand fraction
. There 1s a geochemical correlation between alumina and Ti, C :
44 . geoch ( ) 4 4 , Cr, and V, re-
.‘;\ul‘tvmg _from th‘clr similar role in  alumino-silicate structures (Goldsc};midt 1958).
ccording to S()mmcf ’(‘11978) and Bjorlykke et al. (1980) marine hydrolysates are
good accumulators of Ti, Cr, V and other multivalent elements.
5 l3 K'z~(h)/t/)\-]20-{ and MgO/Al,O; parameters were used by Roaldest (1978) to
Istinguish between marine and non-marine clays. The obtained values of these two
parameters correspond to the ficld of marine clays,
2. &u,‘ 'Rb, and K are concentrated in sand fraction.
“ Sr.z'.* r(ll.s lczor}‘ccr;trag‘dz\;ynhl(n the fine size fraction, The probability of substitution
o prap 2 e 0,99 A) 18 well known especially by the calcitic minerals
o.n.clay .fractio;]&'; cgmprgs;g ()I;lecrocrystallinc micrite. Sr may be also adsorbed
ay f arber ). We have to take into considerati ibili
of leaching Sr during dolomitization (Al-Hashimy 1972)’“(1“‘1tlon i i
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CONCLUSIONS

The investigated “phosphate-like” sediments were erroneusly estimated as such
deposits in different parts of the Egyptian territory (e.g. El-Kammar 1980). The con-
tent of P,O5 in them was found to low, within the range of 0.2—0.32% for the bulk
samples, sand and silt fractions. 1

Petrographically, the sediments are composed of quartz, glauconite, shell frag-
ments, calcite and hematitic and limonitic iron oxides. The megascopic appearance
could be attributed to: 1-pelletal form of glauconite, 2-variable size of components,
3-presence of colouring hematite-limonite impregnation.

These sediments were subjected to intense diagenetic changes as: load effect and
structural changes, etching, corrosion and replacement, kaolinitization of quartz and
secondary fillings and dolomite formation.

Mineralogical and geochemical investigations revealed the presence of small
amount of phosphate only, while the main components of the rocks are quartz, cal-
cite, kaolinite, smectite, halite, hematite, and limonite.

Geochemically, the encountered clays are of marine origin according to the
relation between K,0O(Al,0; and MgO)Al,O, parameters. Clear relation between
Sr and Ca is also established. The concentration of the heavy metals and Ti was
found to be within the sand fraction.

Environmentally, the investigated sediments from Darb El-Bahnasawi area are
supposed to deposited in a shallow marine conditions and below wave-base.

Acknowledgements. The authors would like to express their gratitude to Dr.
B. Issawi and Prof. Dr. A. Garlicki for help during the progress of the present work.
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SKEAD I POCHODZENIE OSADOW 7 EGIPTU PODOBNYCH
DO FOSFORYTOW

Streszczenie

Wir6d osadbw gorney kredy i dolnego trzeciorzedu w Egipeie czgsto byly rozpoz-
nawane utwory fosforytowe. Badania geochemiczne i mineralogiczne wykazaty jed-
nak, z¢ osady te zawicrajg bardzo malo apatytu, lecz sq bogate w mincraly ilaste
(kaolinit i smektyt), kwarc, kalcyt, aragonit i hematyt.

Makroskopowy wyglad takich podobnych do fosforytéw osadéw mozna wigzal
Z:

a) obecnofcig ziarn glaukonitu i fragmentéw muszli,

b) zottobrazowym kolorem jako wynikiem impregnacji hematytowo-limonito-
wej,

¢) wiclkofcig ziarn piasku i stabym stopniem ich wysortowania.

Osady te uwaza si¢ jako powstale w drodowisku plytkomorskim, ponizej pod-
stawy falowania. Zostaly one poddane dlugotrwatym procesom diagenetycznym,
ktére doprowadzily do znacznej kaolinizacii.

OBJASNIENIA FIGUR

l-'ig. 1. Mapa lokalizacji badan
l-::g. 2. Profil litostratygraficzny frodkowego eocenu obszaru El-Bahnasawi
Fig. 3. Dyfraktogramy rentgenowskie probek (w catodei oraz wydzielonego piasku i mutu)

OBJASNIENIA FOTOGRAFII

Plansza 1

Fot, 1. Ziarna glaukonitu, Widoczny efekt nacisku na kulki laukoni i v
AR t00 o glaukonitu. Nikole skrzyzowane,

Fot, 2. Muszle i fragmenty muszli w impregnacyjnym s
skrzyzowane, podziatka = 200 Um

Fot. 3. Korozja zi kalc i ‘ i i " :
> 20;)111": arn kaleytu w obrebie kulek glaukonitu, Nikole skrzyzowane, podziatka =

l{m. 4. Ku(ﬂinizx:cju (K) ziarn kwarcu () (7)
Fot. 5. Powigkszenic szczegolu fotografii 4 pokazuj
gOW ziarn

61 7. Obrazy skanningowe fotografii 5 pokazujace rozklad CaiSi

poiwie hematytowo-limonitowym. Nikole

qce kaolinizacje rozpoczynajacy si¢ od brze-
Fot.

Plansza 11

Fot. 8. Halit jako wypelnienie t zdzielajacye,
oy pustek, rozdzielajgcych krysztaly kaleytu (C) widoczne na tle mont-
Fot. 913, Obrazy skannin K &/
) gowe Cl, Ca
Fot. 14, Podobna do splywowej st
Fot. 15. Powickszenie szczegblu fo
obecnie mikrytem

» Si, Al'i Fe 2 fotografii 8
ruktura kaleytu

tografii 7 pokazujace pryzmatyczne krysztaly kaleytu, ktore sg
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COCTAB U NTPOUCXOKJIEHUE CXOKUX C ®OCOOPUTAMU
OTJNOXKEHUNA U3 EIrUIITA

Pesome

Cpe/in BEPXHEMCIIOBBIX ¥ HUAHETPETUYHBIX OTIOKeHui B Erunte uacto 6o
onosHapatbl pochoputossic obpasopanna. [eoxummuyeckumMy U MUHEPATOrHYE-
CKUMU UCCIIC/IOBAHMAMM OJIHAKO GBI 0GHAPYKEHO, YTO FTH OTIOKCHUS COACPKAT
OYCHb MAJIO ANATHTA, HO BOraThl IIMHACTEIMUA MUHEPATAMH (KAONMHATOM U CMEK-
TUTOM), KBAPUEM, KAJBLUATOM, APATOHUTOM M TEMATHUTOM.

Makpockonuyeckuit Buji Takux 1moxoxux Ha (HocHOPUTEI OTIOKEHUHA MOKET
6b1TB 06YCHOBIICH:

a) NPUCYTCTBUEM 3CPEH TIAYKOHMTA ¥ (HPArMEHTOB PAKOBHUH,

6) HKEATO-KOPUYHEBON OKPACKON KaK CIEJACTBUEM TNPONUTAHUA TEMATATOM
n JIMMOHUTOM,

B) pasMepaMy 3€pEH Mecka U Ciaboi CTENeHbIO UX OTCOPTUPOBAHMA.

CyuTACTCH, YTO FTU OTIOKCHUA 06PA3OBAIMCE B MEJIKOBOAHON MOPCKOiA cpeje,
wnke Gasuca ponuenus. Oy OpLIM MOJBEPKEHBI NIPOAOSKATCILHBIM JIMATCHETH-
YECKMM TIPONECCAM, KOTOPBIC NPUBEIM K 3HAYMTEILHON KAOJMHUZALMH.

OBBACHEHUS K OUT'YPAM

Dyr. 1. Mecronosioxenne paltona uccneopanui
®ur. 2. Jluroctparurpaduyecknit paspes cpeanero soueHa obnactn Dib-Baxaacasn
@ur. 3. Penrrenonckue audpakrorpammel 06pa3uos (MOJHOCTBIO, 4 TAKAKC BBIJCICHHBLIX MECKa

¥ aNeBpuTa)

OBBbACHEHUA K ®OTOI'PAOUAM

Tabsmua I

3epra riaykonnta. 3aMeten o(dexT HapicHus Ha LUAPUKA [TIAYKOHHTA. CxpenieHHbIC

ko, Macuirab = 200 MM

®oro 2, Pakosuubl ¥ (PParMEHTEl PAKOBAH B NPONMTOYHOM ICMATUT-JIMMOHMTOBOM LICMCHTC
CKPEICHHBIC HUKOJIN. Macuirab == 200 Mxm

®oro 3. KOpposust 3¢peH KajbuuTa B NPEAC/IAX UAPUKOB IJIAYKOHATA. CKpELICHHBIC HUKOJIH.

Macirab == 200 Mkm

Doro 4. Kaommmmsaumsa (K) sepen xpapua (Q) (7)
"Dg'ro 5. Vpenuuenue aetaan Gororpaduu 4, noKaspBaomce HAYMHAIOUIOKOCA OT nepupepun

®oro 1.

3CPEH KAOJMHUIALMIO ) ;
®oro 6 u 7. Cxanupopanubic u306paKeHUsA tdororpadun 5,

Ca un Si

MOKA3BIBAIOUIMC PACHPECACIICHUE

Tabua 11

Ta
®oto 8. Taymr B KAYECTBE BBHINOJHATEIA MyCTOT, PA3AC/AIOUIMX KPACTAILILE xampuuta (C),

sameTHbic Ha (OHE MOHTMOPHIUIOHMTA (M)

®o10 9—13. Ciaunposanubic nsobpaxenus Cl, Ca, Si, Al u Fe u3 dotorpadux 8
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®oto 14. Kamsr cO CTPYKTYpO# MOXOXeM Ha TEKCTypy OIMON3aHus
®oro 15. Veemmuenne petamn ¢ororpadmm 14, moxasbiBaromee NpH3MATHYCCKHE KPHCTAJLTBI
KaJIbLMTA, KOTOPhIE B HACTOSLIEE BPEMS OPEACTABISIOT COO0H MUKPHUT

EXPLANATIONS OF PLATES

Plate I

Phot. 1. Glauconitic biomicrite. Notice the load effect on glauconite pellets. Crossed nicols, bar is
200 pum 3

Phot. 2. Shells and shell fragments embeded within hematitic-limonitic impregnated matrix. Crossed
nicols, bar is 200 pm

Phot. 3. Corrosion of calcite in glauconite pellets. Crossed nicols, bar is 200 pm

Phot. 4. Kaolinitization (K) of quartz grain (Q) ; ;

Phot. 5. Close up view of Phot. 4 showing that kaolinitization is starting from the peripheries

Phots. 6 and 7. Scanning images of Phot. 5 showing the distribution of Ca and Si

Plate II

Phot. 8. Halite as void filling dividing syntaxial crystallization of calcite (C) which is seen growing
on a montmorillonite body (M)

Phots. 9—13. Scanning images of Cl, Ca, Si, Al, and Fe of Phot. 1

Phot.14. Flow-like structure displayed by calcite crystals

Phot.15. Close up view of Phot. 7 showing that the prismatic crystals of calcite are actually *’micri-
tic’’ crystals
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