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ABSTRACT: Seven soil profiles representing four geomorphelogical
units alluvial deposits, fluvio locustrine deposits, coastal barrier
plains and coastal sand dunes were selected morphologically
described and subjected to mineralogical analysis of the clay
fractions, in relation to lithelogy, topography and depositional
environments in the northerncoastal !zone of the Nile delta.

The results of the research can be summarized as follows:

1. Soil salinity (EC): between 0.9and 60.4 ds/m and it was very high
in the coastal barrier plains.

2. The cotion exchange capacity (CEC) varied between 2 and 40
meq/100g soils, it indicated a high rate in the alluvial deposits
land and a lowest rate in the costal sand dunes.

3. Total CaCOj;: between 0.8 and 20.1%, the highest increase was in
the costal barrier plains.

4. Soil texture: according to the accurate study for the fraction
composition; the soil texture in the studied area is generally sand
fo clay.

5. The mineralogical composition of the clay fraction:

The analysis by x-ray showed that there is some similarity in
the mineralogical composition of the clay where the montomori-
Honite, kaolinite, hydrousmica, virmiculite were the dominate
minerals in addition to some qurtiz, fildisbar, palygorskite and
calcite.
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Data revealed that the clay fraction of soils of Nile alluvial
deposits is dominated by montmorillonite, kaolinite which are
mostly inherited from parent materials (alluvium). Regarding the
soils of fluvio-lacuctrine are sandy clay loam which contain some
calcareous and dominated by the montmorillonite, hydrousmica,
kaolinite, palygroskite. These soils come from the original matter
(fluvio—lacustrine deposits). Concerning the soils of coastal barrier
plains are loamy sand which contain a high percentage of CaCO;
and so salts and dominated by the montmorullonite, mica, kaolinite,
vermicolite, palygroskite, these deposits come from the pedogenic or
inherited from parent origin sediments derived wholly or in part,
from lacustrine or calcareous. On the other hand the soils of coastal
sand dunes are loamy sand and contain a middle percentage of
CaCQ; and salts, these soils formed by aeolain and marine deposits.

6. Regarding the topography:

The effect of the low topography appeared by the effect of the
salinify and the marine nature of the depositions on the clay
minerals which exist specially in the coastal barrier plains where
these conditions helped fo turn original clay minerals to mixed
layers as a transformational stage as result of the dominate chemical
desertation. Also, the effect of the high topography appeared in the
sand dunes movement and the creping of sands from north to south
also played an important role in the distribution of clay minerals in
the studied area.

7. The dominateal depositional conditions in the area.

The depositional environments which formed the studied area
contain the soils of Nile alluvial plains formed by Nile deposits
materials, But the soils of fluvio lacustrine, thought derived from
two different parent sediments, namely lacustrine and alluvium.
While the soils of coast barrier plains formed by the sea, and so the

soils of coastal sand dunes formed by the aeolian and marine
deposits.

Key words: Fluvio locustrine deposits, X- ray diffraction,
mineralogical,lithology, topography and coastal zone.
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INTRODUCTION

The studied area is located in
the northern part of the Nile Delta
region. It lies between longitudes
30° 207 - 31° 50"  east and
31° 107 -31° 507 latitude. in the
north. It extends 170km along the
coast of the Mediterranean sea
from Damietta branch in the east
of Idku lake in the west with width
of 60km inland from the coastal
shore line in the north to the old
cultivated lands in the south
localities (fig. 1).

The area under study has an
elevation that varies from about
Im below the sea level (profiles
Nos. 4 and 5) to about 5m above
sea level (profies Nos. 6 and 7).

The topography is mostly flat
to undulating. Abo El-Izz (1971)
found that the elevation of Damitta
branch is higher than that on the
western side i.e Rosetta branch,
approximately 2m. Serag El-Din
(1989)  Indicated that the
topography of the triangular Delta
region is easily distinguished and
slopes from 17 m. a s. [. at EL-
Kanater to the zero level at the
Mediterranean shore line. The
northern half of the Delta region
has an elevation fess than Sm, a.s.l.
while the southern half has elevation
ranging from 5 to 7m.asl. The
land surface of the central northern
part of the Delta slopes directly to
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the north .On both sides of the
Delta central part, i.e,east and to
the northern west, respectively.
The soils of the northern zone of
the Nile Delta is characterized by
the presence of four main
geomorphic unites (1) Nilc alluvial
deposits (2) {luvio-lacustrine deposits
(3} coastal barrier plains, (4} coastal
sand dunes. (F.A.O studies, 1963}

Barakat and Imam (1973)
and  Mansour, (1983). The
examined soils are mainly of fine
and medium to coarse textured,
Hanna and Magd (1979) reported
that the soils of the coastal zone in
the north of Nile Delta is
composed predominantly of sandy
soils and sandy dunes. The soils
which are located on the transition
zone between the fluvio-lacustrine
deposits and the coastal soils,
contain relatively higher
percentages of clay and silt.

Soil physical and chemical
properties is considered as the
resultant of changes in the
mineralogical composition of the
clay fraction. Soil mineralogical
composition of the Nile Delta have
been reported by many investigators
Hamdi and Naga (1952} indicate
that illite is deminating the clay
fraction (2um)of the Nile mud
beside other minerals. Hashad and
Mady (1961) found from D.T.A
studies on the clay fractions that
small amounts of smectite
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accompanied the dominate 10 A°
minerals (illite).

They reported that the
alkaline earth ions which were
carried out by the Nile water under

poor drainage condition may be
the cause of the increasing
semectite contents.

EL-Gabaly and  Khadr

(1962), studied the clay fraction (I
um) separated from the soils of the
middle and northern Delta parts
and concluded that semectite is the
predominate mineral with smaller
proportions of kaolinite and illite.

The aime of the current
investigation is to identify the clay
mineral composition of some soils
occupying in the north coast of
Nile Delta and its relation to
topography, lithology, depositional
environments.

MATERIALS AND
METHODS

Seven soils profiles
represented  four  geomorphic
features of the north coast Delta
region , Egypt were investigated in
this study .Soils profiles Nos land
2represented Nile alluvial deposits,
soil profileNo .3 represnted fluvio-
lacustrine deposits, profiles Nos.
4and Srepresented coastal barrier
plains and Nos. 6 and 7 coastal
sand dunes.
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Soil profiles were dug to a
depth of water tableand described
carefully according to (FAO, 1990).

Fourteen soils samples were
collected from soil profiles
representing the soils of the
different  geomorphic units,
localites (Fig.1).

Physical and  Chemical

analysis of soil samples were
carried out according to Piper,
(1950), Richards, (1954) and
Jackson, (1962).

The clay fraction (<2um)
were separated using the piptte
method .These methods described
by Jackson, (1964). X-ray
differaction patterns of the Mg-
saturated , air dried , glycolated
and K-heated at 550°% were
obtained X-ray diffractograms
figers 3 and 4 are used for the
identification of clay and accessory
minerals following the criteria
established by whitting and Jacson,
(1995), Brown, (1961) and Dixon
et al., (1977).

RESULTS AND

DISCUSSION

1. Morphological features in the
field:

The morphological description
of the studied soils, table (1)
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2. Physical and chemical
properties of the studied soils:

The particle size analysis of
the studied soils ,table (2)showed
that soil texture of the Nile
alluvial deposits soils is clayey.
Whereas, the clay contents of the
studied soil profiles Nos .1 and 2
ranged from 50.0 o 64.0%, Table
(2). The contents of the clay for
these studied alluvial plain soils
are due to the environmental
deposit system of the clay on the

low relief of these studied soils. .

The electrical conductivity values
(EC) for these studied Nile
alluvial plain soils are ranged from
09 to 2.0 dS/m, Table (2).
Therefore  these  soils  are
considered non saline according to
soils survey  staff (1990).The
cation exchange Capacity
(CEC)ranged from 29.9to 40.0
meq/100 g soils , table (2).These
high values of CEC are due to their
high contents of clay and indicate
the high fertility of these studied
soils. The sub angular blocky
structure of the studied soils is
related to the high shrink-swell
process of these clayey texture
soils. According to Soil Survey
Staff, (1990), these soils could be
classified as vertic torrifluvent .

The soil texture of the fluvio
—lacustrine soils, soils profile No.3
is loamy to sandy clay loam ,
tables 1 and 2. Their weak
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subangular blocky structure is due -
to their moderate clay contents
(20.0 -22.5%) table (2). The EC
values for the surface layers
ranged from 4.0 to 6.2 dS/m which
is considered as very slightly
saline to moderate saline according
to Soil Survey Staff (1990)
whereas, the subsurface layer
which had EC values of 12.5ds/m
is considered as moderately saline
soils. The EC values for these
studied fluvio-lacustrine deposits
soils is increased with soil depth,
which is due to leaching process.
The moderate values of CEC,
Table (2) which is ranged from
13.0 to 15.0me/100g soil is related
to their moderate contents of clay.
According to Soil Survey Staff,
(1990). These studied fluvio-
lacustrine soils could be classified
as typic torrifluventes. '

The soil texture of studied
soil profile Nos. 4 and 5 which
represented the coastal barrier
plains is sandy laom to sandy clay
loam, Tables 1 and 2. Their clay
contents ranged from 13.5to
23%the occurrence of weak
structure for these studied soils,
Table (1) is due to these relatively
moderate contents of clay. Also,
the low CEC values which ranged
from 7 to 13.0 me/100g soil is due
to their moderate clay contents.
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The EC values for studied coastal
plain soils were high reached from
23.1 to 60.4 dS/m, soil profil Nos.
4 and 5 Table (2), which considers
a strongly saline according to Soil
Survey Staff (1990). Therefor, the
soil profile No. 4 contained a salic
horizon through the whole soil
profile No. 4 and the sub surface of
soil profile No 5 due to salinization
process, also both studied soil
profiles Nos. 4 and 5 of these
coastal plain soils contained a
calcic horizon at the bottom layers
due to their contens of calcium
carbonate which were 15.5 and
20.1%, respectively due to the
occurrence of calcification process.
Therefore, these studied coastal
plain soils could be classified as
Calcic Haplosalids, according to
Soil Survey Staff, (1990).

On the other hand, the
studied dunes soils ,profiles Nos.
6 and 7 have coarse textured class
which are sandy to loamy sand,
tables Nos. land 2 their sand
contents ranged from 81.0 to
95.0%.Their low CEC values
ranged from 2.0 to 7.0 me/100g
soil are due to their high contents
of sand and low contents of clay ,
table (2).The EC values for these
studied dunes, soil profiles Nos.
6and 7 ranged from 4.6 to 74
dS/m at the surface layers and 13.2
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to 15.6 at the bottom layers which
were considered as saline and
moderately saline at surface and
bottom layers, respectively
according to Soil Survey Staff,
(1990), also these studied dunes

soils could be classified as
torriorthents  according to Soil
Survey Staff (1990).

3.Mineralogical composition of
the studied soils

As shown in the X-ray
diffraction for the studied soils
Figs. (2,3} and the semi-
quantitative  analysis of clay
minerals, Table (3) the studied
soils profiles Nos. 1 and 2 which
represent the Nile alluvial deposits
are dominated with semectite
minerals (montmorillonite) which
constitute 35. 8 - 40.0%, followed
by kaolinite minerals 14.0-21.3%
mica 12.1-14.0% and vermiculite
7.7-9.6%. This  order  of
composition indicates that these
minerals are inherited from the
Nile deposits .Also related to the
environmental deposition system
of the plain geomorphic features
which is a relatively low surface.
The mineralogical composition of
the studied soils developed an
fluvio-lacustrine deposits, Fig. (2}
and Table (3), soil profile No.3
indicated that montmorillonite
minerals are the majority 24.5-
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34% wherease the mica minerals
19.1 -21.7% vermiculite 13.5-17.
3% and kaolinite 12.5 -15.3 are the
minority, also the intermixed layer
minerals constitute an announce-
ment quantity at the subsurface
layer 7.3% and calcite 5.7 .This is
related to their inherited from the
fluvio—lacustrine materials. On the
other hand, the mineralogical
composition of the coastal barrier
plains dominated by montmorill-
onite 22.7-24.8% followed by
intermixed layers minerals 16.5-
23.1% mica 13.2-20.8%, kaolinite
8.1-9.7% calcite 7.3 -11.5% and
ataboigate 5.0-7.1%. This is
related to their saline
environmental conditions of the
marine deposits and calcareous
materials which are favorable to
the formations of the semectite
minerals (montmorillonite)and
interstratified minerals (mixed
layers), Shendi (1990) and also is
related to their low topography or
low elevation.

The Clay minerals of the
dunes deposits are constituted of
montomorillonite  which is the
majority 24.1-34.3 followed by
kaolinite 13.2-20.3 which is the
minority, vermiculite 13.6-18.1%,
mica 7.5-16.1% and quarlz 10.5-
14.8%.
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The relatively high quantity
of quartiz is inherent from the
parent material and due to the
environmental deposits as these
soils are high elevation .Also
occurrence of montmorillonite and
kaolinite are due to the weathering
of parent materials

4. Relation of clay minerals to
lithology, topography and
depositional environments.

Tables 1,2 and 3 reveals that
the soils of Nile alluvial plains,
derived from Nile deposits
materials but the soils of fluvio-
lacustrine  deposits,  thought
derived from two different parent
sediments, namely, lacustrine and
alluvium, yet their clay minerals
suite is dominated by semectite
and kaolinite. These minerals are
almost inherited from the parent
material with minimal
mineralogical changes resulting
from pedogenesis as indicated by
the presence of weather able
minerals such as feldspars.

While the soils of coast
barrier plains the circular mineral,
plagroskite seems to be present
almost  exclusively in  the
calcareous deposit .However, there
are  considerable  controversy
concerning its origin, whether
authigenic, pedogenic or inherited
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from parent sediments derived
wholly, or inpart, from lacustrine
or calcareous origin. The findings
concerning the relationship
between clay minerals assemblage
and lithology are in harmony with
the previous findings of Millot
(1964), Barshad (1964), El-
Demerdash et al, (1971) and
Abdel-Aal et al, (1977).
In case of the soils of duns
deposits are composed of two
different parent material sediments
_ deposits; marine deposits and
aeolain sand sediments. Regarding
the relation of clay minerals to
topography, Table (1) reveals that
the topographicaily-low land have
clay minerals suite that reflect the
prevailing salt affected conditions
which encourage the accumulation
of alkalies and alkaline earths.
These favor the transformation of
the principal clay minerals to form
interstratified ones. Marin
intrusion may also play a
significant role in modifying the
clay minerals suite.

The topographicaily-high
lands, soil formed on dunes are
almost undulating, through of
different elevation. Sand dunes
movement and the creeping of
sands from north to south also
played an important role in the
distribution of clay minerals in the
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study area. To clarify the relation
of clay minerals to environments

of deposition these soils are
originated under various
conditions comprising  alluvial,

lacustrine, marine and Aecolian
conditions, Van Der Marel, HW.,
(1966), EL-Demerdash et al.,
(1971), Abdel — Aal et al., (1977)
and Noaman et al., (1987).
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Table (1): Morphological Characteristics of the Studied Soil Profiles.

Geo:;;-:) hie ?::h Surface Features [:::‘;' Colour Texture Structure Consistency | Secondary Formations
o0-10 loy R334, Clay ‘Wesk fine subangular blocky Hard -
" Abnost flat and 1048 | loy Rd/tm. Clay st. md. Subangeiar blocky Firm -
cultivated wheat 4070 loy R473,m. Clay mo.md.subangelar blocky Firm -
Nile alluvisl 70-100 | loy RS/4,m, Ciay w.fine subangular blocky 8.firm -
deposits o5 | eyRifm, Chy marive Strm
2 Almost flat and 15-50 loyR4/3,m, Clay mo.fine subanguiar blocky Firm Few hard lime contretion
cultivated £0.90 joyR3/3,m. Clay won.fine stbangular biocky Firm Few hard lime concretion
' 90-120 | loyR¥4.m. Sandy Cls; w.iine subsngular blocky S.qirm
Fl Sandy clay loam -
uvirio Almost Oat, partly 0-20 loyRY,D, Sandy el Massive S.hard Few hard concentration
Iscustrine 3 Disturbed by man and 20.50 loyR5/4,m. me" w.fine subanguiar Bocky S.firm Few gypsum gysum
deposits coltivated clover 50-100 | loyRS2.m. Losm w.fine subanguler blocky S.firm Viens
Coastal Almost fat, Thin sand 0-20 loyRS/4,m. Sandy clay Massive s.firm Few soft lime segregution
barrier 4 sheet and Scattered 20-55 loyR7/2,m. Sandy loam w.line crumb friable Mo. Hard Hme
plains yegetation £5-10 loyR73.m. Sandy loam w.fline and md.crumb friatle concretion
Coastal Almast Flat, Crust Sait o-10 10yR63.D. Sandy loam Massive Mo.fine and S-hard Mo.r:‘lard li‘:n[e
barrier 5 and few Scatiered 10-45 | 16yRSAM. Sandy fosm Mg, Crum! W.fme friable G v‘:" "M ";ﬂn
plains vegetation 4580 | 10yR6MM. | Sandy toam clay Subangular S.frim V'::“',': bl ation
Segregation.
c ' Undolating, many wide 0-20 loyRé&/t,m. Loamy sand Massive Friable Few hard time
onsta [ mamd sccumulated 20-60 loyRS/1,m. Loamy sand Mnsstve Friable concrefion, Mo, Bard
sand dunes gullies with vegetation 60-90 | loyR4/i,m. Loamy sand Massive Frizsble Lime tonceretion
Undulutiag, thick 018 REZM. | Lox d Magi Frisbl
heets of windblown loyR672, Y sam nuive rible o
7 s 2560 | loyR6/M4M, Sand Single grain loose -
sand, dunes Acottered | oo 09 loyRALM, loamy sand Magsive Friable ‘Mo. Soft lime segregation
Vegetation :
Mo. = moderate md. = medium st. = strong s5.= slightly w,= week

§00Z (1) "ON 7 'JoA “say “nu3y'[ 3nvdvz

el
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Table (2 ). Some physical and chemical properties of the investigated profiles.

Faniick size distribartion Chemical analyses of il TEC
Ceomeorphic ;  Profille Clay | Sin |_Send% | Texware J .M., Cacon ™55 1" 5 | EC Catons me /| Asfans e 7 | me/
wnits . ) 1% | % [ Fme | Coame] M | % | ¥ éom [T [ Mg | M ] K | O [ Hen | Co | Ba | 108
0-10 (&0 | B | 12| 3 T [ 215 | 16 | €& | 95 | 1.5 | 43 | 181 | 81 | 089 | 73 | 28 | 0 | 47 | 33
! 10-40 1 50 ) 29 1 17} 4 C o953 13 | 3 | 74 712 ) 47 Jrie ) 53 jos ] 63 | 25 ) 0 | 32 | M
0-20 |6t 2310 ] 3, [ c |om |08 ] 6 { 76 ] v.3 | 30 [200 | 64 079 | 84 | 26 [ 0 [ 20| 4
Nile aliuvial 70-100 { 58 |20 19] 6 c losr | 12 8 6 | 73 ) 1.8} ma {3es ) 51 [ost | 63 | 31 | 0 | &5 | 3
deposity 015 | 54 G0 |10 [ & | € | 170 | 145 1 6 | 74 + 09 | 32 | 171 | 35 [ 05 | §2 { 20 [ o0 | 13 | %
2 15-s0 | solam 2| s | € Jow |ann] s2 ] 75 6| 57 |2av| 72 [oe3 )] 70| 28] 0 [ 62| 29
50-90 | st g5 9 C |oa | v | 62 | 725 | 19| s6 |23 | 104 |0e9] 90 | 30 o (70| 35
90-120 | 52 | 31 | 13| 4 ¢ lozs | s | 6 | 73 | 20 | 62 {ab6 | 82 | o | 423 ) 36 [ 0 | 41 | 3t
Fluvio - 0-20 |22 | 7 | 65 | & [ SCL [ 123 | 37 | 37 | 15 | 40 | 145 | 387 | 210 | 053 | 237 | 42 | 0O | 101 | 18
Inestrine 3 20-60 [22 [ 169 | 8 |scL|oss ) 61 | 35 | 74 | 62 | 183 | me2 | 3es | 038 [ 373 | 36 [ o | au1 |15
| Deposity 60-100 {20 | 30 | 47 | 3 L _boil | 85 | e | 74 f 128 [ 365 {17587 703 f o6 | 607 | 52 [ o0 | 90 | 13
0-20 1 23 | 13 1 60 | 4 [ SCL [ 010 | 100 | 36 | 73 | 953 [ 1963 [ 2805 { 3430 | 61 13612 | 6.1 | © [45%7 | 13
Coustal 4 20-55 | 3 {1i5)]es | 7 | sL o3| 128 ] 32 ] 74 | 604 | 1614 {3922 [does| 84 {3207 05| o 252 7
e s3.70 | 15 |14 66 | s | st [o20 ) iss | 3 |76 | 397 |16 )2ens|imoa} 75 |2006 ) 78 | 0 |oos6] 8
plaisa 0-10 | 44 | 12 | 70| 4 | SL [ 019 | L7 | 33 | 7.7 | 230 | 551 | 106 | 1064 | 39 [ 13531 83 | 0 [w2d| &
s 10-45 | 13 | 16 | 65 | 6 |} S.L | 013 | MT | 3 § T4 | 405 1362 1723 {2048 ) 67 2892 73 | O 36| 9
a5-80 | 31 |17 ) ss | 4 [sciL oo |23 | 35 | 75 | 317 | 1425 1308 [1244 | 53 |10 | 83 | 0 |2s38 i 43
0-20 | & | 10| 80 | 2 | S.L | 045 | 48 | 28 [ 7.E | 46 | 165 | &1 | 208 | 02 | 245 | €31 | 0 | 153 | %
] 20-60 L 7 |1z oe4 3 s (oo | 77 | e | 75 | 74 |06 | M3 fasa | o0 452l 72l 0 {90l 4
Constal 60-9 | 10 | 6 78 | & [ st fon i es | 27 | 26 | 156 | s56 | 200 J1ons| 07 | 923 | 64 | © | 833 ] 7
ad dunes 038 [ 7 | 1t [ BL| 1 | S.L | 039 | 37 | 29 | 78 | 33 | 172 | 143 | 209 | 06 | 224 | 60 | 0 | 246 | 3
7 B-60 [ 3 |2 |2] 3 § |oos | 62 [ 19 | 76 | 72 {7 |23 | 323 ) 07 |ao6 | 75 { o {1} 2
60-100 | 8 | 7 | 78] o | 5.b o063 | &3 ) 28 } 74 ] 332 | 502 | 253 ) £23 ) 06 | 754 1 32 | ¢ | M4 5
C:Clay. §.C.L.: Sandy clay loam . : L: Loam . S .L:Sandy loam .

L.S :Loamy sand.

S.Sand




Table (3): Semi quantitative of soil mineralogy of the studied soils.

Geo;)n:i:fh;c P:;:le Dc::::h Mont | Kaol | Mica j Verm. | Palygorskite | Inter | Calcite | Qurtz. | Felds | Others Atabolgate
1 0-10 40.0 2.3 1Lt 7.7 - 24.3 - 3.2 53 1.8 -
Nile Alluvial 40-70 38.8 183 13.3 8.1 - 22.5 - 7.1 6.7 1.4 -
Plains 2 0-15 358 14.0 13.0 9.6 - 332 - 4.1 33 1.1 -
50-20 3.6 20.6 12.7 8.8 - 16.3 - 7.0 5.6 2.7 -
Fluvio lacustrine 3 0-20 34,0 153 19.1 135 23 21.0 1.5 58 5.5 10 -
terraces 60-100 245 125 21.7 17.3 6.7 17.3 5.7 3.1 3.1 0.9 -
4 0-20 24.8 15,4 173 10.2 7.8 231 7.3 3.5 15 8.5 5.1
Coastal barrier 55-7¢ 22,7 16.2 18.6 15.5 12,4 17.3 9.7 6.1 1.7 0.4 6.5
plains ¢ 0-10 243 182 | 208 163 85 193 7.1 65 5.1 0.2 5.0
) 45-80 22.8 15.3 13.2 115 13.7 16.5 11.5 5.1 6.0 0.5 7.1
6 0-20 24.1 15.0 186.1 lg.g :;.; 23.5 1.1 1.7 6.1 1.5 -
. 20-90 343 13.2 .5 13. 17.1 5.5 10.58 5.5 1.8 -
Dunes deposits ; 0-25 | 230 | 187 | 157 | 181 16 4.1 2.1 148 | 5.1 13 -
60-100 30.6 20.3 1.5 16.6 3.2 26.5 5.1 14,3 4.1 1.7 -

007 (1) 0N T€ '10A “say 213y [ Snwivz

LEY
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