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ABSTRACT 

Textural and coarse jractivn compositional components are evaluated to 
distinguish samples from mod~rn environments ofthe ~Nile delta ofEgypt. These 
environments include: river, coastal dune, accretion ridges, beach, nearshore, 
lagoon and prodelta. In this study petrologic variables (12 textural and 18 
mineralogical, faunal and floral) were considered for each sample. 
Discrimination was achieved by using simple bar graph ofthe raw data for each 
environment and Q-mode factor analysis. The factor analysis yielded four 
compositional assemblages: Factor 1 is dominated by terrigenous fine sand. 
factor 2 consists of biogenic mud, factor 3 contains terrigenous coarse and 
medium sands andfactor 4 comprises composite silty sand. Discrimination ofthe 
seven environments is generally good but less in beach, coastal dune and river 
sands. 

Having discriminating the examined environments using Q-mode factor 
analysis, a graphical model was constructed to determine the origin of 
"unknown" samples. As a test, this model is satisfactory to identify and interpret 
the origin of sediments ofHolocene age from two additional cores recovered off 
the delta coast. 
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INTRODUCTION 

'1 he- sedimentary environment is an interaction of the physical, chemical and 
biological processes, lmder which a facies develops. Due to the fact that these 
processes Jiffer from one environment to another, each facies has distinctive 
characteristics. The main sedimentary characteristics of a facies include: its 
lithology, composition, grain size, texture and structures, in addition to its biota 
and color, Therefore, the study of a single feature of a facies is the key to its 
environment. Hence a sedimentary environment would be best detennilled and 
evaluated by studying a combination of some of these features. 

The primary goal of this study is to identify and discriminate between the 
major fluvio-marine modem environments of the Nile delta. The ultimate purpose 
is to develop a basis for identification of the specific Nile delta facies from small 
individual samples, Such interpretation of origins of '"unknown''' samples and 
identification of their depositional state would facilitate delineation of the fonner 
Nile distributary channels, pre-modem shorelines and associated ancient 
environments which can help in determining evolutionary changes of the northern 
part of the Nile delta. 

Background 

The classical Nile delta has began to form in Late Pliocene yet the modem one 
has developed since 6000-8000 years B.P (Stanley and Warne, 1994). During this 
long period" the Nile River contributed very large quantities of secfunents to the 
Mediterranean Sea In such manner, fluvial deposition built the delta gradually 

outward, whereas marine processes such as waves and currents transport some of 
these sediments in cross-shore and alongshore directions on the continental shelf 

as far as Israel (Ball, 1942; Hilmy, 1951; Inman and Jenkins, 1984). This 
repres~nt a progradational and fluvially dominated phase in the recent history of 
the NIle delta. The most sedimentological aspect of this phase was the 
development of a series of fluvio-marine environments: channel-interchannel 
deposition in the upper delta plain; coastal lakes and lagoons in the lower plain; 
delta front with beach-dune complex; muddy lobes, prodelta and Late Holocene 
relict se~ments on the continental shelf (Sestini, 1989). In addition, this phase is 
charactemed QY the fonnation and migration or abandonment of numerous 
distributary channels. Earlier historical documents and scientific evidences 
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indicate the presence of at least se\'~n branches crossed the delta during the 
Middle to Late Holocene time (pre-Dynastic to Roman time). Most of these 
branches silted up and no longer active due to the shift in the main flows of the 
Nile to the new Rossetta and Damietta (Fig. 1). 

Recently, damming and complex ::hannelization of the river cut off the 
revirine sediments to the Mediterranean coast. Such human interventions bring 
about the delta, indeed, in disequilibnum state as the hydrodynamic forces began 
to rework and assimilate the delta sediments. Hence, the delta became completely 
wave dominated and being suffering from series of responses such as coastline 
erosion, salinization and pollution (Stanley, 1995). Thus, one can note that the 
evolutionary stages of the Nile delta ~.re controlled by natural and anthropogenic 
influences; sea lew'l fluctuation, climate change, land subsidence, sediment 
influx, tran3port processes. The latter is the most important factor as it causes an 
eastward littoral transport as well as a ~eaward dissipation of the sediments and 
therefore affect greatly ~11 the distribution ~d composition of the sediments on the 
Nile Delta coast and the adJaCf'nt en"ironments. 

MATERiAl, AND METHODS 

1. Sedimentological .Procedures 
A total of 210 samples were collected from seven modem deltaic 

environments: river (n=13), beach (n:-:52), coastal dunes (n=J5), accretion sand 
ridges (n=15), coastal lagoons (n=38), nearshore (n=36), and prodelta (n=21). In 
addition, a series of 10 samples werp. selected from two shallow cores dredged 
from the nearshore zone off the Burullus-Baltim coast. Core V-6 was recovered in 
the inner shelf, 7.6 kIn northwest vfBwu1lus inlet and core V-19 was collected 
4.5 km north of Burullus inlet using vibrocorer. These subsurface samples were 
incorporated in this study to test the reliability of results. The two cores of 
maximum length of 4 m. Information about these samples are listed in Table 1 
and locations are shown in Figure 1. 

Each sample was first washed with fresh water and was oven dried. Then two 
subsamples were split from the bulk sample by using a sample-splitter. One of 
the two subsamples was desegregated to be used for textural analysis, while the 
other one was intended for the sand-SIZe fraction (compositional) analysis. 
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Grain SIZe determination was made by the conventional sieving method. 
Sampies contained more than 5 % mud were subjected to pipette analysis 
according tv the procedure of Folk (1974). Thus, grain size analysis resulted in 12 
textural variables: -1. 0,1,2,3,4.5,6.7,8,9. and >10 <1>. 

The analysis of sand-size fraction is carried out by a simple and rapid 
petrographic technique which depends on estimation of the sand size 
compositional constituents of the sample. This analysis was performed by 
splitting a cut from the sediment sample by using the microsplitter. This cut was 
then mounted over a girded tray to be examined under the binocular microscope. 
Grains were chosen by following a grid pattern on the tray as to avoid bias. For 
each sample, the relative percentages of 18 sand-size components were calculated 
from point counts ofabout 400 grains. These components include: light minerals, 
heavies, mica, "glauconite" (cf. Pimmel and Stanley, 1989), carbonate fragments, 
ooids, pyrite, gypsum, plant debris, echinodenns, sponge spicules, bryozoans, 
corals, molluscs. ostracods, foraminifera. shell fragments and "others" (these 
include any unidentified grains or biogenic shells). 

Previous studies have proved that it is possible. by using this technique, to 
place unknoVoln samples in their correct environments without knowing any prior 
knowledge about their origins or locations. Furthennore. it is very useful for 
extraction some valuable environmental infonnation like, depositional areas, 
transport paths (cf. Pugliese and Stanley, 1991). 

2. Statistical Procedure 
Database induced from the above mentioned compositional and textural 

analyses was statistically treated by applying Q-mode factor analysis. Factor 
analysis is a multivariate statistical technique that results in considerable savings 
of efforts with negligible loss of infonnation. It can be divided into two broad 
classes called R-mode and Q-mode techniques. The frrst is concerned with 
interrelations between variables. The latter describes the relationships among 
objects (samples) on basis of the variables. By employing Q-mode technique, a 
great number of data are collectively compared and reduced to few meaningful 

•flfactors" or "facies l1 Such new factors contain the same amount of infonnation 
and facilitate the detection of any similarities or differences that may exist 
betvveen samples. A detailed explanation of factor analysis and how it works is 
given by Imbrie and Van Andel (1964) and Klovan (1966). 
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Each sample was first washed with fresh water and was oven dried. Then two 
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The database file is composed of all tehwral and compositional analyses data 
of the examined 210 surficial samples. This file is arranged in the form ofN x n 
matrix, where N is the number of samples (210) and n is the vertical 
compositional-textural variables (30). This 210 x 30 matrix is subjected to Q
mode factor analysis using CABFAC program of Klovan and Imbrie (1971). 
From the output matrix, the first foill' eigenvalues which account for 82.73 % 
(Table 3) of the total information have been extracted. Therefore, the 30 variables 
are reduced to foill' factors (I, IT, III, and IV) that would be managed for distinction 
between the study depositional environments. 

3. Bivariate Plotting 
In order to differentiate between the examined surficial enviromnents, the 

varimax factor loadings of the tOill' extracted factors were plotted on several 
bivariate diagrams. Each diagram shows two different factors plotted versus each 
other. Accordingly, six ploG havt been yielded: factor I vs. IT (1), I vs. ill (2), I vs. 
IV (3), II vs. ill (4), II vs. IV (5), and ill vs. IV (6). Based on these six factorial 
plots, each environ.'TIent was 80mpared with the other enviromnents and 
attempted to be di,cnminated from them. Number of comparisons between 
environments is equal to (n2-n)U., where n is the number of examined 
environments i.e. 21 comparisons were given (river vs. lagooIL river vs. dunes, 
lagoon vs. dunes,...etc.). As each comparison is based on the above mentioned 6 
factorial plots, thus, a total of 126 (21 x 6) plots were generated. In each plot, the 
boundary line between the two compared environments is marked by a straight 
line. It is hand-drawn so that clear separation field, as can as possible, is obtained. 
All of these plots were visually categorized into 5 classes depending on the degree 
of distinction between samples of the two compared environments. These classes 
include: very good (wide separation field with no overlap), good (narro\\! 
separation field with no overlap), moderate (slight overlap), weak (partial overlap) 
and poor (considerable overlap). 

RESULTS AND DISCUSSION 

1. Main Characteristics ofModern Delta Facies 
Figure 2 displays the sediment characteristics of each examined environment 

based on averaging relative percentages of the compositional and textural 
constituents. Assessment of these constituents would be very helpful for exploring 
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the significant differences between each environment and the others. These 
diffelences can be generally ascribed to the variations in the environmental 
conditions and/or depositional processes, as represented in Table 3. On the other 
hand, these differences would be also very valuable for evaluating as well as 
discriminating each facies: 

Sand Facies 
These comprise the sand-rich environments: nver, accretion ridges, beach, 

coastal dunes and nearshore facies. 

River sand 
The Nile River samples are moderately sorted ranging in size from fine- to 

medium-grained sands. These sands are enriched in light and heavy minerals. 
Common accessory components include mica and carbonate fragments. This 
fluvial facies is characterized, among other sand facies, by hosting the highest 
percentages of ooids, pYrite, sponge spicules aad gypsum. Diogenic components 
and glauconite contents are the lowest of all other facies. 

Coastal dune sand 
The examined dune samples are very well sorted and very rich in fine- to 

medium-grained sands. Of the five Nile delta sand facies, the coastal dune sands 
are distinguished by the lowest proportions of carbonate fragments and also by 
abundance of heavy minerals (equals or second highest after beach sands). 
Proportion of light minerals is intennediate relative to other sand facies. Mica and 
glauconite pellets are common but their proportions are not diagnostic. 

Accretion ridge sand 
This facies is very poorly sorted varying in size from very fine to coarse sands. 

The most characteristic feature of this environment is its relative enrichment in 
light minerals, carbonate and shell fragments. It is very poor in heavy minerals 
and mica. Glauconite and gypsum are significant components. 

Beach sand 
The beach sands are well sorted fine to medium sands. This facies is 

characterized by its relative enrichment in heavy minerals as well as by the 
presence ot some reworked marine biogenic components. Light minerals content 
is relatively lower than that ofthe river or dunes. With respect to mica proportion, 
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it is very high; second largest after nearshore facies, whereas the glauconite 
proportion is intermediate relative to the other four sand facies. 

Nearshore sand 
This facies is composed of poorly sorted muddy sands. Comparing to the other 

sand facies. the nearshore sand has relatively high percentages of glauconite, 
mica, foraminiferas and plant remains. Light minerals record its lowest content, 
while heavies content is intennediate. Carbonate fragments, ooids and gypsum are 
relatively significant components. 

l.b. Mud Facies 
This facies comprises the samples which are composed of admixtures of silts 

and clays, or these which have a lo\\! sand content. 

La.!!oon mud 
Among all other examined facies~ the lagoonal deposits have the highest 

proportions of carbonate grains & nodules, plant rernains~ ostracods, molluscs, 
foraminifers and shell fragments. It is also distinguished by lowest light minerals 
and heavies proportions. Percentages of pyrite, gypsum and molluscs are 
generally higher than those of prodelta facies. They, therefore, serve as additional 
useful criteria [or discriminating it from the prodelta. 

Prodelta mud 
Prodelta depositC\, when compared with the other six facies, are found to be 

the richest in glauconite and mica. It is distinguished from the lagoonal mud by 
higher percentages of light minerals, heavies and also by the presence of some 
marine biogenic components such as echinoderm remains and bryozoans. 

2. Application of Q-mode factor analysis for differentiation between modern 
environments 
The resulting varimax score matrix is graphically depicted in Figure 3 to 

define the petrologic compositions of the extracted four factors. As shown in 
this figure, each factor score is represented by a series of bars of lengths 
proportional to the composition of this factor i.e. the longest bar contributes most 
heavily to the composition of that factor. From this figure, the composition of 
each factor bas been interpreted as follows: 
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FGdor~ Te~enousfmesand 

This factor represents samples that have a preponderance of fine sands and 
dommated by 1ight and heavy minerals. 

Factor II: Biogenic mud 
Samples of this factor are composed of silts plus clays and rich in biogenic 

components (mainly ostracods, foraminifers and shell fragments). 

F(fctor III: Terrigenous coarse and medium sands 
It is associated 'With the coarse and medium sands that are dOIninated by light 

minerals. 

Factor W: Composite silty sand 
Factor rv samples are silty sands enriched in some mineralogical components 

(light minerals, mica, gypsum and "glauconite") as well as some biogenic 
components like ostracods. foraminifers and shell fragments. 

From results of the Q-mode factor analysis, some interrelations between 
compositional and textural constituents could be explored. These interrelations, 
as shown in Figure 3, include: concentration of terrigenous conlponents in the 
sand fraction, association of biogenic components 'With silts and clays, and also 
association of mica together with glauconite pellets and their similarity in both 
abundance and behavior 

From the bivariate plots in Figures 4 to 7, it is clear that the magnitude of 
discrimination between each two compared environments is directly related to 
the difference between factor loadings. An increase in the difference between 
factor loadings corresponds to an increase in this magnitude, so that best 
discrimination will be attained by maximum variation. On the other hand, the 
differences between factor loadings which, in turn,reflect variation in 
composition may be resulted from the difference in one or more of the 
following factors: modes of sediment transport, energy conditions, transport 
agent, medium of deposition and sediment suppiy. 

Figures 4 (A to F), and 5 (A to D) show that the "factorial" plotting is quite 
effectivf.: fQr the differentiation of either prodelta or lagoon from each of the 
river, coastal dtme, accretion sand ridges, beach and nearshore environments. 
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On almost all such combinations, samples from the two compared groups 
occupy different fields with no overlapping. They, therefore, provide a very 
good discriminations. This differentiation may be accounted for the contrasted 
energy conditions of the two groups. Both of the prodelta and lagoon sediments 
are deposited under low energy conditions with a least effect of 'waves or the 
other hydrodynamic factors, whereas sediments of the other group are 
accumulated under relatively active and high energy conditions. Differences in 
energy conditions are imprinted on sediments by adding or removing some 
constituents. Many authors have reported that the different energy conditions 
induce different textural responses (e.g. Inman, 1949; Friedman, 1961; Visher, 
1969 and Allen et af., 1971) as well as variable compositional components in 
the sediments (e.g. KnHnbein and Sloss, 1963: Pettijohn, 1975, Inman and 
Jenkins, 19B4: Frihy and Stanley, 1988 and Frihy and Garnai, 1991). Thus, 
contrasting of the energy conditions is expected to induce much different 
compositional-textural components in the sediments of the two groups a..?).d hence 
a clearest discrimination between them. 

Figures 5 (E & F) display plots of good value for discriInination between 
coastal du..Tle and both of the river and accretion ridge environments. This 
differentiation may be attributed to the difference in the medium of 
transportation. Dune sands are transported by wind while ridges or river sands 
are transponerl by water (waves and stream currents, respectively). Competency 
of wind to transport particles is generally weaker than that of waves or currents. 
The wind, rherefore. selectively transport certain particles, usually the finer, 
rather do the fOllner. In addition, wave action and water currents (with a less 
degree) are more likely to prevent deposition of fine particles thaT}. wi~d action 
(Friedman, 1961 & 1967; Shepard :md Young, 1961). These differences in both 
type and nature of the transp0rting media are reflected in the factorial 
composition of each environment. Indeed, the wind blown sands were found to 
be rich in factor I (terrigenous fme sand). On the other hand, ridges are 
relatively poor in this factor but rich in factor ill (terrigenous coarse & medium 
sands) and river sands are equally represented by both factors. 

Factorial plots help also to dIscriminate satisfactorily between accretion 
ridges and both of the beacn and river, coastal dunes and nearshore as well as 
between prodelta and lagoon (Figs. 6A to 6D). Despite some kind of overlap in 
these diagrams, they are able to discriminate, moderately, between each pair. 
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In case of sand ridges and beac!l (Fig. 6A), their discrimination is attributed 
to thp diffprencf> in energy cond1tions. Sands of accretion ridges accumulate 
during storms and exceptionally high water (Psuty, 1966: Inman and Jenkins, 
1984) nluch higher than that of the beach. Under these conditions, ongoing 
waves become strong enough to transport the coarsest sediments available on 
the beach to be heaped landward in the form of ridges (Reineck and Singh, 
1980). Finer sediments require more time or lower energy to be settled with the 
coarse materiaL so they kept in suspension and transported sea;.vard by the 
outgoing waves. Ultimately, accretion ridges would be composed mostly of 
coarse and rnedium sands whereas L~ach .:iands are nonnally finer in size. 

Concerning ridges and river (Fig. 6B) the differentiation can be ascribed to 
the difference in transporting agent. The different actions of waves and stream 
currents under which ridges and river sands accumulate., respectively, release 
some textural and compositional variations. These include; concentration of 
coarse-grained particles and shell debris in ridges as waves are so vigorous that 
the fine particles are always kept moving and don't come to rest with the coarse 
particles. On the other hand, deposition on the river overbank comprises both 
fine and coarse terrigenous sands. 

The discrimination between coastal dune and nearshore or between prodelta 
and lagoon (Figs. 6C & 6D) is most probably referred to the difference in the 
sediment supply. In the case of lagoon and prodelta, lagoonal sediments are 
derived from diverse sources (see Table 3) e.g. washover, tidal influx., river 
inflow, wind in addition to the bio-chemical in situ production (Nichols and 
Allen, 1978). Conversely, sources of prodelta sedirnents are limited. Most of 
these sediments are riverine in origin, where the sediment load (sand, silt and 
clay) of the Nile River accumulates at the mouths when it debauched to 'the sea. 
The sand-size components redistributed along the nearshore zone by the 
dominant east-trending longshore currents, whilst silt and clay are dispersed 
away toward the prodelta by rip and the other dispersion currents that induced 
from interaction between issuing and ambient waters. 

Regarding the discrimination between the nearshore and dunes, sediments of 
the nearshore are derived from many different sources. The Nile River has been 
known as;major source for sediments on the continental shelf off Egypt (Ball, 
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1942; Hilmy, 1951). Organisms and authigenic components represent additional 
significant· sources for nearshore sediments. Relict sediments of the old Nile 
branches have also been known to be reworked and redistributed along most of 
the nearshore zone Coutellier and Stanley, 1987; Frihy and Gamai, 1991; Stanley 
et at., 1992). On the other hand, dune sands are derived by the selective sorting of 
the wind to beach sediments. The wind pick up fme-grained particles from the 
beach to be accumulated as dunes. 

In all these cases. differences between the two discriminated groups are likely 
imprinted on their factor loadings so that these factors would be varied enough to 
give adequate discrimination on the bivariate plots. 

Figures 6E. 6F, 7A & 7B show that the discrimination of the nearshore from 
the river, beach and accretion lidges as well as between river and beach is weak.. 
This is, more or less, d:.Ie to the same sediment inputs (the Nile) transported by 
the same depositional mediu..rn (water). Dispersion and other coastal currents 
redistribute these sediments ~ll over this zone. By means of longshore and 
cross-shore currents, sediments in the nearshore zone are drifted toward the 
shoreline to be deposited on the beach. Under stormy conditions, high energy 
breaking waves heap large quantities of these sediments onshore in the form of 
ridges. However, the slight discrimination between the nearshore and those 
environments is most probably attributed to the biogenic and authigenic 
production within the nearshore zone. Addition of such components results in 
compositional and textural constituents slightly differ from those of river, beach 
or ridges. The slight difference between river and beach may be resulted from 
actions of longshore currents and breaking waves under which beach sands are 
deposited and differ particularly from action of the stream currents which 
dominate in river environment. 

Discrimination between beach and dune sands is not clear and insignificant 
(Fig. 7C). They are often quite similar. Previous studies of Friedman (1961), 
Shepard and Young (1961) and Reineck and Singh (1980) reported that sands 
may be transported from the beach to the coastal dunes and back again. Each 
sand grain may has been deposited many times either by water or by winds with 
the result that distinguishing between beach and dune sands is.not so obvious. 
However, action of currents, waves or winds are insignificant and may not be 
enough to create an effective variation or diagnostic component. 
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Summary of these results are presented in Figure 8 where the 21 
cOIDp ariSOliS ha"ve coded from 1 to 21 al.ld denoted by bold number placed in the 
upper left corner of each cell. The 42 bivariate plots which displayed here are 
highlighted by bold numbers placed together with the other non-selected ones in 
the lower halt of each cell. 

Testing for identification of subsurface samples of unknown origin 
In the context of developing a basis for identifying the specific Nile delta 

facies from samples in subsurface borings, a series of generalized factorial 
scatter diagrams have been prepared. The factorial scatters ~r~re constructed by 
plotting the transfonned compositional-textural data (data treaten by Q-mode 
factor analysis) of the seven environments on two axes at a time. Tne scatter 
plot which showed the clearest separations between the whole environnlents has 
been considered as a model. By mea..~s of this model, origins of unknown 
samples can be identified. Figure 9 shows that among all possible lactoriasl 
plots, plot 3 (factor I vs. IV) is the only one which pennits a satisfactorily 
discrimination between all environments collectively. Visually, it can be noted 
that each environmental facies occupies for somewhat a specific field. "rhis field 
is delimited manually. Also it is noted that beach and dune are con~.;iderably 

overlapped and occupy the same field. This reflects the great similarity between 
L~ese two environments. Thus, partial overlap of other fields should reflect a 
particular similarity between their corresponding environments. Plots 1 ([Jctor I 
vs. II), 2 (I vs. ill), 4 (II vs. III), 5 (II vs. IV) and 6 (ill vs. IV) are less helpful 
due to considerable overlapping of many environments. 

The stratigraphic positions of the 10 core samples were known but no 
information was available as to sedimentary structures, hardness, color, etc., so 
that identification of facies could not be deteITIlined from the visually obvious 
petrologic attributes. By using the previously established model, an attempt is 
made to interpret the depositional origins of these samples. 

At first, the compositional and textural attributes of each unknown sample were 
determined and recalculated in the exact same manner as with the original 210 
samples. Then, a preliminary definition for their depositional origins has been 
indicated on the basis of these compositional and textural raw data. This 
definition is accomplished by correlating the compositional and textural 
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percentages of each sample 'with th~ aver:lgedpercentages of each environnlent 
which are graphically represented in Fig. 2. According to the abundance of 
these attributes and the interrelations between them, a preliminary origin has 
ascribed to each unknown sample. Figure 10 shows that unknown samples No. 
1, 2, 6 and 7 are correlated well \vith the accretion ridges, whereas sllinples 3, 4, 
8 , q and 10 are the nearest to prodelt~ environme~t. Core sample N0. 5 is best 
correlated with the nearshore environment. The petrologic data from the ten 
unknown samples w~re merged with the 210 original ones. Q-mode ana lysis 
was employed on the ne~; N x n maL.ri.x (N= 220 and n= 30) following the same 
manner as cited before. The first fGill factors account for 81.86 % ofthe initial 
information were extracted a..~d ro!3.ted. They are comparable to those of the 
surficial 210 samples of known facipc; Cfable 2). In order to determine origins of 
the 10 unknown samples. the factor loadings of each sample were plotted on the 
prepared model. Their origins. tilen. were induced from the field in which each 
unknown sampl~ fall~n. a;::, . shown in Figure 11. According to the plot pattern, 
the first two lL.-llmO\"tll s~l1ples in both cores (samples No.1, 2, 6 and 7) were 
identified as ~~creti~n s~d ridges. Samples No.3, 4, 8, 9 and 10 were 
identified as rrodelt~ wherea~ sample No. 5 was referred to nearshore 
environment. These interpretations are generally consistent with thf' results of 
Khafagy et al. (1989) and also with the stratigraphic positions of the unknown 
samples within the two cores. 

CONCLUSION 
~The present study serves to discriminate, on basis of compositional 

constituents and grain size measurements, the modem sediments recovered 
from fluvio-marine environments in the Nile delta region and to provide 
information about their characteristics. Using bivariate plots of the statistically 
treated data, it is possible to discriminate most of the major fluvio-marine 
environments within the Nile delta. The ability to discriminate environments is 
related to several diverse factors, including sediment sources, hydrodynamic 
action and selective grain sorting. Bivariate plotting of factors extracted from 
data matrix is successfully defined depositional paleo-environment of 
subsurface core samples recovered from the Nile delta. This definition is 
consistent with interpretations achieved by previous studies. It is anticipated 
that application of the same method to the other sedimentary environments, 
especially those affected by the same sediment input, would successfully 
discriminate them. 

13 
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Table 1. InfonD'.1tion on the collected samples. 

Enviromr...~nt Sample Type Location 
No. of 
Sample 

Total No. 
of Samples 

Symbol in 
Fig. 1 

River Overbank River Nile 13 13 • 
EdJmLagoon 7 

Lagoon Bottom Burullus Lagoon 

ManzaL. Lagoon 

20 
. 

11 

38 * 

Ecllm 12 

Coastal DWles Composite Burullus R 35 + 

Accretion Ridges 

Beach 

Nearshore 

Composite 

Beach-face 

Bottom 

Gamasa 

TelFarama 

Nile Delta coast 

Inner shelf 

15 

15 

52 .. 
36 

15 

52 

36 

• 
0 

X 

Rosetta Promontory 10 

Prodelta Bottom Damietta Promontory 11 21 A 

Unknown Subsurface (core) Baltim coast 10 10 * 

Table 3. Eigenvalues and cumulative variance % of the 210 surficial samples. 

Factor Eigenvalue Cumulative Variance 0/0 

I 116.35 55.41 

II 34.69 71.93 

ill 13.33 78.27 

IV 9.35 82.73 

V 7.99 86.53 

VI 4.61 88.73 

vn 3.93 90.61 

Vln 3.56 9229 

IX 2.46 93.46 

'. X 1.84 94.34 
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To sl1mmanze up, quantitative as~essment of both texture and composition 
of sand-size fraction is very helpful for distinguishing most of the modern Nile 
delta enviI unments and also fOl interpreting the origin of unknown core 
sediments. However, this tool could be supportable to any other 
sedimentological criteria such as composition of the sand-size fraction, 
sedimentary structures. gross texture and position in sequence and would allow 
improved discrimination among the different studied environments. 
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and river environments, respectively. 
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Fig. (7): Factorial plots in A and B show weak discriminations whereas these 
in C are poor. 
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._-Compositional-Iextural Components (1-30) -- 

Bar graphs depict ~~lative percentages of the compositional and 
textural componen~ for the 10 unknown core samples. Preliminary 
identification of origins ofthese sample~ attained by correlation of 
each bar graph with those of the study environments (Fig. 3). 
According to this correlation~unknown samples No.1, 2, 6 & 7 have 
been identified as accretion sand ridges; 3,4, 8, 9 & 10 as prodelta 
and 5 as nearshore. 
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PETROLOG1CAL- STATISTICAL APPROACH 

Fig. (11) 
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Fig.(ll):	 Identifying ongms of the unknown core samples based on the 
prepared factorial model (plot 3 in Fig. 9). A depositional 
environment has been ascribed tv each unkno vvn S8inple according 
to the field in which it lies. 
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