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Abstract:

The study aims at investigating the response of the
incised meander through meander development. It
emphasizes field measurements of incised meander
morphology and their links with meander morphology like
Fundamental Category of Wadies system. Comparisons in
different regions and types with Quantitative Parameters on
incised meanders morphology have helped in distinguishing
different characteristics and approach formations and
evolutions. Based on the (TM) and Field investigations, and
the measures that other studies had proposed, the study has
reached the morphology and the formation of incised
meander. The finding suggests that incised meanders in
Geological Structures, Strata and Lithology, Knick points
(by backwater) effect of landform are the key factors to
shape incised meander and meander itself in Wadi Bir El-
Ein. The Evaluation of incised meander in the study area
obeys the variation of formations, discharge amounts,
Gradient, sea level fall and morphology and demonstrates
the channel incisions and Crustily Uplifts. So, the incised
meander needs more geomorphological investigation
especially in our country.

Keywords :meander, incised meander, Wadies, channel
incision, Wadi Bir El-Ein, knick point.
Introduction:

This Paper presents the geomorphological analysis of
morphology and Formation of incised meander in an
approximately 463 Km 2 drainage Basin located at the
eastern Sohag. In the study area , the Fluctuations of base
level to lower by approximately 2-9 m , the Fluvial system
adapted to the lower base level by headword erosion. This is
indicated by Knickpoints in the longitudinal stream profiles
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and by continuous upstream narrowing of the width of the
valley floor towards these knickpoints .

Incised valleys are ubiquitous features of disturbed
landscapes as incision had resulted mainly from sea level
fluctuation and has been formed through the geological
history starting from the Precambrian to the present (Zaitlin,
et al, 1994; smith and read, 2000). The study of incised
meander valleys will be of significance not only in
stratigraphic division and understanding the sea level
fluctuation but also in effective hydrocarbon exploration
(chumming , L., et al , 2004) .

Stream incision and development of Stream Profiles
are Fundamental aspects of landscape evolution that can be
examined over wide range of spatial and temporal scales.

On a watershed scale, long - term stream incision
commonly occurs in response to the downstream lowering of
base level, and is often influenced by regional or local
tectonic processes.

On a local or reach scale, incision occurs in response
to interaction between individual floods and the channel bed
which are in turn influenced by flood hydrology, sediment
transport, channel gradient, and substrate resistance,
lithologic variation within a watershed. Variable resistance
to erosion can affect incision and development of the stream
profile on temporal scales ranging from individual floods to
millions of years during the pluvial periods.

Incised valleys are key-area for the sedimentary
record of sea level fall on continental margins. They also
display two major kinds of sediment fill (zaitlin , et al ,
1994) :simple fills corresponding to a single depositional
sequence (Li ,et al, 2002 , Gutierrez ,et al , 2003 , Weber et
al , 2004 a,) and compound fill corresponding to
multiple , superimposed, cycles of incision and deposition
(Tesson,et al , 2005) .

In this paper, the researcher presents data on the
characteristics of stream (long profile , Knick point , cross
section , bed rock formation, ‘Geological setting’ and
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climatic conditions), the later provide insights into the
elevation of stream channel in study area .

Development of some features is associated with
incision providing an excellent constraints on some
conditions. For example, development is influenced by base
level fall at Wadis mouth which in turn results in incision of
the Wadi supported by the faulting and folding to the
meandering belt. Also, the presence of many high knick-
points on long profile results from climatically triggered and
tectonically exacerbated pulse of incision within the
watershed.

Definitions:-
1- Incised meanders:

Are asymmetrical in cross-section, albeit to various
degrees plate (1- a,b). They are autogenic forms which
develop their asymmetry as a result of lateral migration of
the river during incision, as witness the development of slip-
off slopes and undercut bluffs (King, 1942, p. 152;
Birkenhauer, 1991, p. 297). Incised meanders evolve to such
an extent that ‘goose necks’ (of which there are well-known
examples in the canyons of the Colorado River in
southwestern USA), and eventually, abandoned meander cut-
offs, congeners of oxbow lakes, are also formed (Twidale,
1955; in greater measure than their plains counterparts
incised meanders display structural control. East of
Adelaide, where the River Torrens flows through the western
margin of the Mt. Lofty Ranges, it pursues a winding course
in its gorge section. The river channel and gorge trend
parallel to strike (in phyllite) and cleavage (in gneiss) for a
substantial proportion of their length in this sector (Twidale,
1972).
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Fig. (1b) incised meander by contour lines (1) ingrown
meander (i1) entrenched meander.
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Objective:
The aim of this investigation lies in 8 aspects:
1) To wunderstand the role of geomorphological,
geological and climatological settings in formating
the incised meanders.
2) To illustrate the relationship between knick zone and
incised meander in wadi Bir El-Ein .
3) To identify typicality and complexity of meanders in
the study area basin based on parameters compared
with other meanders in other regions.
4) To explore diverse formation conditions in contrast
with other incised meanders of different condition in
different types of localities, and to connect
morphology with evolution of the incised meanders.
5) To show the numerous factors responsible for
initiating incised meander or channel incision.
6) To Study the lateral sediments (Terraces) in order to
identify the relation between incision and base- level
fall.
7) To Study the morphology of incised meanders and
their links with meander (bend) morphology.
8) To study the morphologic characteristics of Wadi bir
el Ain Basin and their reflection on incision and
incised meanders.
Study area:

The study area in this investigation is Wadi Bir El-
Ain. This Wadi is named as such due to the presence of a
water spring. Wadi Bir El-Ain is a main channel which
receives run off water from several ravines. It is subject to
frequent, but unperiodic, floods from rain falling on the Red
sea Mountains (ridges). Furthermore, there are subsurface
springs running among rock fractures and pouring in several
places as well as surface water reservoirs formed in
depressions (El- Sharkawi, H., and Fayed, A., 1975). The
main stream has 36 Km Long, and the Basin cover an area
exceed on 463 Km® (Fig. 2). It is covering an area between
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26° 36" to 26° 55" Latitude. And 31° 46" to 32° Longitude,
North eastern sohag city .

Figure (2) the study area
By: Google earth

Background:

Incised meander formation are well documented, one
of the original description of an incised valley system was
established by Fisk (1944). Fisk and Mc Farlan (1955) were
also among the first to describe the relationship between the
incision and filling of Mississippi valley with the falling and
rising of sea level. Incised—valley system have been
interpreted throughout geological history from Precambrian
to the Quaternary (Fisk , 1944; Li et al ,1985 ; Li et al ,1988;
Allen and Posamentier ,1993;Dalrymple et al , 1994 ; Zang
and Li , 1996 ; Gupt , 1999) . Incised valley may be
developed in both loose sediment and bedrock (Fisk,1944;
Roy,1994;Nichol et al 1996 , 1997) . It has been realized
during the development of sequence stratigraphy that
recognition of incised valley system provides an important
criterion for the identification of sequence boundaries (Van
Wagoner ,et al ,1988,1990) . It is generally comprehended
that paleo-valley incision is controlled by sea —level fall ,
while sea — level rise and abundant sediment supply lead to
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the fill of incised valley (Fisk and Mc Farlan,1955; Zaitlin et
al ,1994;L1 ,et al , 2000) .

Channel incision can increase bank height and
steepen bank strength is equal to the down slope
gravitational forces that drive bank failure (Casman and
Thorne , 1988) .

Morphologic characteristics , classification and
formation of meanders have been much reported in
literatures , Mathhas(1941) defined meanders as some letter
— S channel patterns fashioned in alluvial materials, and
made ashap distinction between normal and abnormal
stream-meanders; the latter are great loops that normally leas
to knockoffs and isolation of ox-bow lakes . Valley slope,
bed load, discharge, bed resistance , and transverse
oscillation are regarded as basic factors of river meandering .

Brice (1974) made quantitative definition of meander
loop but the criterion of meander loop but the criterion was
problematic; a scheme for the evolution and four main
categories of loops were proposed : simple symmetry, simple
asymmetry , compound symmetry and compound asymmetry
. Meander is also categorized into regular or irregular, simple
or compound, and cute or flat patterns.

Shen et al (1993) classified meanders into plain
meanders and mountain incised meander on the basis of
landform. The former can be divided into general (sinuosity
is 1.5 — 5); the later covers normal and deformed incised
meanders, and rock resistibility is vital to its shape. In the
light of their shape and evolution, plain meanders can be
categorized as free and limited meanders .the later which is
shape and unnatural go through rocky banks that are not
eroded easily.

Leopold and Wolman (1960) have established
relational expressions for meander characteristics among
meander wavelength, bank-full channel width, amplitude and
radius of curvature.

Finally, I can say, so differentiation among
researchers on meander which they put emphasis on Wadies
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dynamics, which is used to describe the evolution and
distribution of components and shapes are important
contents and shapes formed by running water . Plane shapes
are important contents in meander studies, which inevitably
interact with lateral and longitudinal changes.

Many achievements of researches into meander
morphology and parameters are mainly based on free
meanders; those based on incised meanders are
comparatively less, that is, the disequilibrium between the
two emerges.

Researches on meanders have been done mainly on a
single river or Wadies, and the researches on meanders of
other rivers (Wadies) in the world are absent.

Materials and Methods:

The present study is entirely based on field
investigation and has depended also on map analysis carried
out on Morphmetric parameters on topographical map of
sohag scale 1:250.000 published by Egyptian survey
authority; in addition the study is based on TM.

The choice of Morphmetric variables that were
examined in this study was based on the result obtained from
previous studies ,in some previous studies these
morphometric variables have been used to analyze the
morphometric settings of other wadi basins in other areas
(Morisawa , 1962 , Gregory and Willing , 1973 |
Nebegu,2005, Mosleh , K., 2003) .

Geological and climatic setting:
1- Geological and structure Setting :

The study area is apart of the Nile valley and Eastern
Desert that has been geologically investigated by many
authors such as Sandford and Arkel (1939) ; Shukri (1950)

;Butzer and Hansen (1968) ; Said (1962
1975,1981,1983,1990) ; Wendofond Schild (1980); Issawi
(1983); Issawi et al (1978) ; Issawi and Mc Cauley

(1992); Mahran (1992); Omer (1996); Ahmed (2006);
Omara et al (1973) . Ramadan (1992) and Senosy ,H.,

1994
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The stratigraphic section in Map area belongs to the

Recent, Pleistocene , Plio — Pleistocene and Lower Eocene ,
whilst in Wadi Bir El-Ain is represented in Lower Eocene ,
which are founded the incision processes and incised
meander . Fig (3).
The Eocene formation are considered the widest dominated
in study area, which is cutting by group of Wadies and
tributaries so, it is cutting and spotted by some steep scarps
which are represented the water shed divide among these
tributaries. This scarps represented by the dolomite
limestone mixed by sandstone with thick 225 m (Omara, s.,
et al., 1973, p. 160; Barron and Hume, 1902, p.19). Field
observation explain dominate some solution and
disintegration by Wadies and rills, this formation is called
Essawia Member (Said,R.,1981,p.17) .
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Fig. (3) Simplified geological map for the study area (after
Conoco, 1987).

The lower Eocene rocks ”Qassab formation” , Omara
,1973) are represented in succession of the Lower Eocene
rocks exposed in Wadi Bir El —Ain has been established by
measuring and describing four the surface sections at
different localities within the geological map area .

Although most of the succession of the lower
Eocene rocks exposed is built up of calcareous rocks , yet
variations in the Lithology and faunal content made it
possible and possible to divide it into three rocks units of
member status . These unites are designated from top to
bottom as Salamony , Sheikh and Qassab members.

<o
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(I) Salamony Member: The upper most beds exposed in the
study area , which are composed of whitish, sugary , chalky
limestone furnish the Salamony member (96 m) , whereas
the basal grayish to greenish massive , poorly fossilifereous
limestone (56 m) ,rich in flint concretion , constitute the
Qassab member .

(ii) Sheikh Member: The middle lower Eocene is the
middle portion measures some (137.5) meters and can be
easily traced in the field. It is composed of yellowish to
reddish, highly fossilifereous limestone inter bedded with
conspicuous chart band.

(iii) The lower low Eocene (Qassab Member): The lower
portion measures some (56) meters and also can be easily
traced in the field . it is composed of basal grayish to
greenish massive , poorly fossilifereous limestone , (56)
meters rich in flint concretion , constitutes the Qassab
member (lower low Eocene) . The intercalating shale beds
yield of several smaller foraminifera indicating a lower
lower Eocene age. in addition to the Qassab formation is
represent the strata which the incised meanders are formed
and incision are happened . generally, the three members are
connected together with a marked lithological contact, its
contact with the underlying Qassab member is, on the other
hand, is marked by the preponderance of nummulites and
assilina spp. and the limestone beds are of the microfacies
association of limestone’s belonging to the Qassab and
Sheikh members are indicative of an environment of
intermittent disturbance of an otherwise relatively calm
shallow sea, possibly by strong currents and waves.
Structurally:

The Eocene strata have a gentle north — northwest
regional dip. The_morphological surface features dominating
the area are true reflection of structural elements exhibited
the drainage pattern is, as well, guided by fault and joints
trends. The most distinctive structural features is the
predominance of faults which dissect the limestone in the
four common direction prevailing in the stable shelf of Egypt
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(Said, R., 1962, pp: 30-35). They are mostly shallow high —
angle normal faults. Few of them are traced for along
distance, whereas the majority is of local importantance
(Fig., 4) (Senosy, M., 1994, p. 110).
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Fig (4) structure in study area
after: Youssef, M., et al . 1998
2- Climatic conditions :

The Meteorological data in the study area are obtained
from Sohag meteorological station. The study area is located
in eastern sohag. The study area is considered a part of the
Eastern Desert . it lies within the barren desert that is
distinguished by hot summer and cold winter with an
obvious change in the temperature range. It is distinguished
by the scarcity of rain and relatively high moisture content.
The area is affected by northern winds especially in summer
and the mean wind direction is north to northwest directions.
The average seasonal wind velocity ranges between 2.3 and
6.3 km/h. In November 1994, the area received about 25
mm/day where floods struck the Red Sea and the Nile Valley
provinces and caused serious damage (EMA, 2000) and in
January 2010, floods struck the eastern side of sohag
governate which involved the study valley (Elbeih, s., et al,
2011, pp: 16-17); it belongs to the arid belt of Egypt where it
is characterized by long and hot summer and warm winter
with almost no rainfall.
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Table (1) Climatic Data from 1942 up to 1975 at the
study area (Egyptian Meteorological Authority — sohag
station database)
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The Table (1) illustrates The average maximum
recorded temperature is 47.3 °C in June (1970) while the
minimum is 0.4 ° C recorded in January (1966) Furthermore
it is characterized by extreme Temperature with annual range
about 23.4 °c and 30.8 “c (Mosleh .K., 2001 , pp : 540-541) ;
The relative humidity ranges around 41% ,The rainfall over
the study area is very limited and variable (Diab et al., 2002;
Abu El Ella and Abdel Mogeeth, 1993).

I can say, the climatologically normal indicate that amount
of rainfalls which fall in one day 15/ 1969) is recorded in
sohag station about (14.6) mm , so the waterfall in arid
regions characterized by sporadic and irregular unfortunately
, the result is flood sheet, The later is responsible to incision
processes in Wadies .

Result and Discussion :

(A) Morphometric analysis of Wadi Bir el Ain drainage
Basin :

The dimensions of stream (channel) in my study area
included in this study are based on previous work (Mosleh,
K., 2003); and these data from which measurements are
derived, are presented in table (2),which illustrates the
following:-

(1) Wadi Bir el Ain represents one of the biggest Wadies
in the east of sohag; it extends from south east —
North West with 36 km and expands in area circa
463 km 2. it has a longitudinal shape , as a result
to the structure of the study area Fig., (5) , Hence
this Wadi can catch more of underground water
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(Ashour , M., 1990 , P.45) , It extends over
sandstone and limestone with high porosity. Thus
water flows as a springs in some spots along the
Wadi (300 m above S.L.), The elongation shape
associated with Bifurcation ratio exceed on 3.8 ,
This causes the occurrence of flood sheets which
result in avalanches in wadi and the destruction of
the buildings in the mouth of wadi Bir el Ain
(kawther city).

Table (2) Morphmetric and Relief setting for Wadi Bir
El- Ain basin
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After: Mosleh, K., 2001, P. 547.

(i1) The number of streams (orders) exceed on 2538
streams; this means that the biggest area and the variable
formation and its fractures, this factor indicates the reflection
of dissected and denudate the area surface (incision
processes) . this factor is one of the responsible factors in
incised formation .

(i11)) Drainage Density is decreased compared with wetted
area (Schumm , 1956, P.602) ; and also is low compared
with some Egyptian areas in eastern Desert . This is due to
the local variability in Lithology , Fractions, hydrologic
settings , Gradient and the stage of age for the Wadi .

(ix) The morphmetric characteristics refers to the steep
gradient , so it is reflected in the distribution of Knick- points
on the Long — Profile .
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After : TM landsate scale 1:50000 (1999) .
Fig. (5) Wadi Bir El-Ain Basin Network

(B) - INCISED CHANNEL MORPHOLOGY:

The dimensions of stream (channel) in my study area, are
included in this study are based on previous work (Mosleh,
K., 2003); and these data, from which measurements are
derived, are presented in table (2).

(B -1) The Correlations among geometric parameter
meanders:

To study (define) the correlation among the parameters , the
study used low, s Leopold and Wolman (1960) , which
involved meander length , channel width and meander half —
wave length , in addition to the relation between half —wave
length and width of stream (El Husseni , E., 1975, pp: 129 —
152) .

Table (3) Fig (6) illustrate that mean average between length
and width is (1.8), while the average between length and
radius 1s (3.8) ,this refers to decrease values comrable with
the standard numbers which are suggested by Leopold and
Wolman (1960) are 10 , This refers to the old stage which
cross meanders in study area .

Leopold et al (1964, pp: 309 -310) revered to the positive
relationship between meander length, width of stream or
channel, There is a well established relationship between
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channel width and meander wavelength, which is usually
approximately ten to fourteen times the bank full width
(Chorley et al., 1984). Meander wavelength is more strongly
related to channel width than to bank full discharge. This is
because secondary circulation within the whether are flow in
alluvial or bedrock streams channel, which is significant in
meander development and is controlled by channel size
(Charlton, R., 2007 , p.139). Dury (1970) revered also that
meander length is between 7-10 time Wadi width in incised
meander (Graf, 1988 , p. 199) . In addition , drainage basin
size should play a significant role in determining incision
depth .

Table (3) The correlation among meander parameters in

study area

Meanders L/W L/R R/W
Points

A 2.8 2.7 1.30
B 1.7 5 0.33
C 1.6 3.7 0.43
D 2.4 2.8 0.85
E 1.2 3.7 0.33
F 1.2 5.5 0.16
G 2.2 4.5 0.33
H 1.3 2.7 0.16
Mean 1.8 3.8 0.48

L= length R = Radius w = weight
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The Relationship Between length and The Relationship between Length
widdth and Radius
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Fig (6) The Relationship Between the incised meander
Parameters

2- Morphmetric Analysis to slope angle
(2-1) Frequency Distribution of slope angles Categories

Table (4) show the Frequency Distribution of
Slope Angles Categories

Siope Angle Congth G
0-10° Gentle
11-30° Moderate

31-45° Steep
More than 45 ° || Cliffs

From: Field Study
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Frequncy Distribtion of Slope Angle Cateogries

11-30° 31-45° More than
45 °

Slope Angle Categries

Fig (7) Frequency Distribution of Slope Angles (Categories)

o-i-ll-l-lll lJr

21 31 41 51

slope angle

Fig. (8) The Frequency Distribution of Slope Angles

Table (4), Fig., (7) and (8) illustrate that:-

1- The steep gradient and cliffs have the first class with
67.6 %,This indicates the tectonic active and denudate rates
on sides of incised meanders.

2- The Frequency Distribution is regular except from
angle 15 ° until angle 35 ° , this is due to the effect of
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geomorphological processes (i.e. , mass wasting , running
water , weathering , human activities) .

3- The Frequency Distribution characterized by Bio-
modal, which characterizes the Arid and Semi Arid Region
(Young, A., 1972, pp: 167 -168).

B -2) CONTROLS ON INCISED CHANNEL
MORPHOLOGY

Incised channels are the product of long-term valley,
Incision coupled with the effects of large-scale sub- aerial
exposure and weathering (Schumm, 1993) These factors
make it difficult to identify the dominant controls on valley
or channel morphology, which include base-level fall,
gradient profiles, climate, Lithology and tectonics. Vertical
incision commonly initiates when base-level fall exposes a
surface with a steeper gradient than the fluvial equilibrium
profile, and the shelf break Schumm & Ethridge, 1994;
Wood et al., 1994; Posamentier & Allen, 1999).

Wadi systems aim to equilibrate their gradient profiles to the
imposed lowering of base level by the process of landward
knickpoint migration (Schumm et al., 1984; Schumm &
Ethridge, 1994; Hassan & Klein, 2002; Ethridge et al.,
2005).

Knickpoint- migration rates, which determine the degree of
long-profile equilibration, are shown to correlate with
drainage areas, which serve as proxies for discharge (Loget
& Van Den Driessche, 2009)., the degree of vertical incision
is attributed to the magnitude of base-level fall (Schumm,
1993; van Heijst & Postma, 2001) and the angle of the
exposed break in slope (Woodet al., 1994).

Knickpoints generally only move several kilometers
upstream for small, high- gradient systems, whereas large,
low-gradient rivers adjust their profiles hundreds of
kilometers upstream (Blum & To ™ rnqvist, 2000). Valley
width is linked primarily to the rate of base-level fall and
climate. At slow rates of sea- level fall, channel migration
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and associated slope- adjustment processes operate over
longer time spans, which results in wider valleys (Schumm
& Ethridge, 1994).

The role of climate in incised- channel development is
complex because river and slope processes are affected by
variations in temperature, precipitation and flood frequency
and/or magnitude, and their effects on vegetation and surface
runoff characteristics change over varying time scales (Blum
et al., 1994;; Leigh et al., 2004).

These parameters are difficult to constrain throughout the
long time period of incised-channel evolution, but all
contribute to valley incision/excavation and accretionary
processes. For example, dry climates are characterized by
variable discharge and low amounts of channel-margin
vegetation, which decreases bank stability and promotes
valley widening (Schumm & Brackenridge, 1987).

Valley dimension also varies along dip in bends, at tributary
junctions, and as a result of changes in substrate and/or
tectonic influence (Schumm & Ethridge, 1994; Ardies et al.,
2002; Plint & Wadsworth, 2003).

The researcher argued that the incised meander and channel
present the most complete record of fluvial response to sea-
level flactuations and many of the variables responsible for
their evolution can be constrained, such as sea-level, climate,
drainage- basin size, gradients, substrate Lithology and
tectonics. Although the agreement among geomorphologies
that incised meander are channel insight of sea level fall, but
Dalrple et al , 1994 and Posamentier , 2001 , assumed that
incised meander channels or meanders are commonly used
to mark sequence boundaries associated with the low stand
system tracts , while valley incision has been attributed
primarily to base level lowering , the possibility that it may
be unrelated to base level has also been raised , also special
cases in which base level lowering does not result in valley
incision have been described by Pasamentier (2001) . A few
examples relating valley incision to non — base level
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parameters exist. (Khadkikar, A., and Rajshekhar, C., 2005,
P. 295).

(B-3) Incised-channel width and cross-sectional area
Incised-channel width can be over two orders of
magnitude greater than depth; this shows that the factors
controlling valley or channel width are more important for
modulating the rate of creation of sediment accommodation
during the subsequent sea-level rise than the factors
controlling channel depth. As valleys flood and fill with
sediment during sea-level rise, variations in the morphology
of the channel banks strongly control the rate of creation of
sediment accommodation.
Researchers have shown that incised-channel width is
controlled primarily by the rate of base- level fall, the angle
of the newly exposed shelf, climate and the duration of
subaerial exposure (Schumm, 1993; Schumm & Ethridge,
1994; Ardies et al., 2002; Ethridge et al., 2005).
The rate of base-level fall should determine the degree of
lateral fluvial adjustment prior to entrenchment. Once the
active river channel incises to a level where it is unable to
overtop its banks, the morphology of the valley banks are
principally modified by processes related to subaerial
weathering and mass wasting. These processes are linked
closely to vegetation and its controls on channel-side
stability, which are ultimately related to climate (Schumm,
1993; Schumm & Ethridge, 1994; Ardies et al., 2002). The
duration of subaerial exposure determines the degree to
which slope-adjustment processes can operate and modify
the morphology of interfluve areas and valley banks. Flume
studies also suggest that fluvial activity (meandering, etc.)
associated with the transgressive stage of incised channel
infilling modifies valley flanks substantially, which results in
valley sides being highly diachronous along strike (Strong &
Paola, 2006, 2008).Fig (11).
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wadi bed
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(imestone)

<
conglomerate |5

Fig . (9) Cross — section in incised meander in
lower section of Wadi Bir El- Ain

It 1s Obvious from Field Observation and analyzes to Cross
section that:

(1) The cross section from Fig.(9) of a valley is
assumed to have the shape (V) in incised meanders with
irregular , due to most real valley cross sections are not
smooth , but irregular , it also describe to include local
variability , the later introduced is generally insignificant for
variation in formation  characteristics, or variation in
responded to erosion factors ,which eroded one side and
deposited in the other

(11) The points of meander have a special
characteristics ,which the water flow in rapid and velocity of
erosion is high , so increase in erode rates especially in
concave side , hence become steep , and the cross section
seems un- sequence or irregular Fig., (10).
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(111) According to Lithology of channel perimeter and
channel morphology two main types of channel categories ;
The first ;predominantly rock reach , and the second reach of
gravel deposition , could be identified in the field .

(1v) Approximately few kilometers middle stream and
upper stream of Wadi Bir el-Ain(knickpoints) the wadi runs
through a narrow bedrock (bends) with steep to near —
vertical walls ,the channel width generally varies between 5-
10 meters (incised meanders) . The representative cross-
sections are shown in Fig (10) .
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Reprinted from: Mosleh , K., (2001)
Fig. (10) Show The Cross —Sections of Wadi Bir El-Ain
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(B-3-1) Sedimentation in meander (Bend) area (sequence
boundaries)

Field study observation show that sedimentation in a

meander Bend obeys the fining up wards cycles is deposited
with this sedimentary sequence identified as the most
probable by transition probability analysis.
Although, Jackson (1976) suggests that the classic fining —
upwards sequence requires fully developed flow with
equilibrium between flow velocity, bed material sizes and
bed forms. In addition, stratigraphical details reflect both the
prevailing balance between gravel and sand supply and the
more local downstream sorting within the bend from bar
head to tail. Other complexities in meander sedimentation
include chute comprised of gravel, sand and stone boulders
during the falling stage. (Al- Abyan, A., and Chalov,R., 1998
,p-211).

From the field study; the present study demonstrated the
influence of active meandering by flood (flood sheet) is
classic interpretation of the complex sedimentology of valley
fill .

Bank morphology records the balance of erosional and
depositional processes induced by the alignment and energy
of flow at differing flow stages. Bank morphology is also a
function of bank composition (texture). Banks comprising
sands and gravels are more susceptible to erosion than those
with a high silt-clay content. However, the former are also
more likely to have bank-attached depositional forms along
their margins. But this isn’t general in all incised meanders
points , but from field investigations study founded more
deferential on incised meander’s banks . (fig.11) .
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interhuve

SequenceBoundary

After: Mac Donald, A., et al, 1998, P.1158
Fig (11) Sequence boundaries are composed of incised
meander region
(valleys) and flatter regions (Terraces and interfluves)

The erosion surface generated by Base — level fall within
fluvial formation typically is composed of two types of
geomorphological elements ; incised meander area formed
by down cutting river (valley) and streams , and relatively
flat area where stream down cutting is insignificant , the
incised area are the valley system , and the relatively flat
areas include both the interfluves adjacent to the valley and
terraces within larger valley systems (Mac- Donald , A,
1998 , pp: 1157-1158).

The cross section from Fig. (10) of a valley is assumed to
have the shape irregular especially in incised meander, it is
also desirable to include (i): local variability; this local
variability introduce is generally insignificant for lithological
variation (limestone, merle, shale), this variation is resulted a
different responds to erosion processes which denudate in
side and sediment in other.

(i1): There are remains to Karest solution which refers to the
Pluvial periods (Said , R., 1981 , pp: 93-97) and climatic
changes through the geological periods furthermore the
recent rainfall which effect in solute limestone rocks .

&
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(B-4) Long — profile characteristics:-

(B-4- I) Channel gradient and the long profile
Fig (12) illustrate that , (i) The long profile is represented
concave shape ,but the degrees of concavity is more
differential which the long profile has some convex parts ,
due to lithological variation , durable in rainfall , and
gradient ,the latter is between 0 ° — 5 ° . (i1) The long profile
seems some steep gradient points, due to different formation
and tectonic fractions. (iii)These steep points is represented
the knickpoints, or rejuvenation points.
(iv) the channel longitudinal profile of Wadi Bir El-Ain
displays disturbances where landslides affect areas .
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Reprinted from: Mosleh, K.,(2001)
Fig . (12) Longitudinal Profile of Wadi Bir El-Ain

(B-4-2)Geomorphological Features along the long- profile
There are many features or bed forms such as riffle —

pool sequence and large scale dunes course local, within

reach gradient variation. For example, the valley fill gradient

&)
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inherited from paleo- channel deposition controls the present
power expenditure rate and therefore the channel pattern,
sinuosity and gradients. (Richards, K., 2009, p. 222). In
normal valleys which widen downstream, equilibrium
channel gradients are less than or equal to valley gradient.
Meander development and incised sinuosity on a steep valley
surface lengthens the long profile and alters the overall long
— profile shape , which therefore both an independent control
in that records the history of fluvial processes , and a
dependent variable in that it incorporates contemporary
steady- state adjustments .
The long — profile is the least transient expression of fluvial
processes reflecting as it does geological influences such as
the effect on available relief of tectonic history and base —
level change , of erosion and deposition and of the
distribution of outcrops of different lithology . When
discharge increases rapidly downstream with increasing
contributing area, profile concavity is greater. In
consequence, the profile form reflects the inverse discharge
— slope relation by being convex upward as a result of
aggradations by the individual rare flood events. (Schumm,
1961), the features can summarize in the following:-
(i) Potholes

These deep, circular scour features are formed in
bedrock channel reaches by abrasion Plate., (2-3) .(Charlton,
R,. 2008 , p.133) , abrasion is the process by which the
channel boundary is scratched, ground and polished by
particles carried in the flow.
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Plate (2) Deep, circular, scour feature formed at
the base of a bedrock step.
Erosion is often concentrated where there are weaknesses
and irregularities in the rock bed, which allow abrasion to
take place at an accelerated rate. This can lead to the
development of potholes, deep circular scour features that
often form in bedrock reaches. Once a pothole starts to
develop, the flow is affected, focusing further erosion. Any
coarse material that collects in the pothole is swirled around
by the flow, deepening and enlarging it, and literally drills
down into the channel bed. Over time potholes may
coalesce, leading to a lowering of the bed
elevation.(Charlton, R,. 2008 , P.96) .
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Plate (3A,B) shows how potholes have contributed to bed
lowering near the site of a waterfall.

Note: The Scouring by finer material carried by the flow,
such as sand, leads to the development of sculpted forms.
B) Bedrock Bars

(ii) Bedrock bars

In incised bedrock channels, the flow sometimes moves
around bedrock bars (Plate 4). These form when multiple
sub-channels are incised into the bedrock substrate, leaving
‘islands’ or bedrock bars between them. Bedrock bars may
form the core of a bedrock-alluvial bar, which becomes
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covered by a layer of sediment on which vegetation becomes
established.(Charlton, R,. 2008 , p.133) .

Plate (4) show the bed rock bars which In incised bedrock
channels,
the flow sometimes moves around bedrock bars.

(iii) Knick points and incision:

Knick points—Ilocally steep sections of the longitudinal
profile of a stream are key features in the interpretation of
fluvial channels and the evolution of fluvially dissected
landscapes. This study investigates the origin of knick points
in Wadi Bir el- Ain and their implications with incision
along the valley.
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Fig (13). Schematic illustration of a typical knick point on a
long profile of a channel.
The knickpoint defines the mobile boundary between the
adjusting and relict portion of the channel.
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The interpretation of knick points is largely independent
of notions of grade or steady-state. That is, locally steeper
sections of stream profiles may provide evidence of
underlying controls or processes without making any
assumptions about normative profile shapes. Fig (13) .

Knick points and convexities are attributable to several
factors, which are not independent or mutually exclusive
(Knighton, 1998; Burbank and Anderson, 2001; Schumm,
2005). Variations in resistance, typically associated with
Lithology, are a common cause, particularly of waterfall-
type knickpoints. As the resistant materials are eroded more
slowly they stand out in relief as higher slopes within the
channel. Structural features such as faults, fractures, or other
joints may result in steps or cascades due to selective
removal of rock slabs along vertical or sub- horizontal
weathered joints. Knickpoints in the bedrock streams of
Wadi Bir El Ain studied by Mosleh , K., (2003), for
example, He found to be entirely sea level fall and
structurally controlled or influenced Tectonic deformation of
channels can also result in profile convexities,
independently of any associated rock structures. knickpoints
may also result from sediment inputs from tributaries or
hillslopes. Where these inputs exceed fluvial transport
capacity or competence, a knickpoint or zone may be
associated with the debris. Localized erosion within a
channel may also result in local steepening. This may be
associated with critical thresholds of stream power,
influencing a stream's ability to incise its bed, or with non -
fluvial channel erosion such as debris flows, or dissolution in
fluvio-karst systems. Removal of sandy debris or other flow
obstructions may also result in localized incision. Variable
effects of bed load as protective cover or abrasive tool may
be associated with knickpoints formation, and may also be
important with respect to the type of knickpoints (see,
e.g.,Gasparini et al., 2007; Pasternack et al., 2007). Locally
steeper slopes can sometimes be associated with lateral



Morphology and Formation of Incised Meanders in Wadi “BIR EL
AIN” East of Sohag(Egypt)

channel changes. Meander cutoffs locally reduce channel
distance, thus increasing slope. Successful avulsions result in
occupation of steeper slopes than the abandoned channel
(see, e.g.,, Slingerland and Smith, 2004). Human
modifications such as channelization, artificial cutoffs, and
impoundments may also create knickpoints. many
knickpoints are, or are at least interpreted as being, due to
down cutting or incision associated with base level lowering.
In this case the knickpoint represents a locus of incision,
which may migrate upstream, thus translating the effects of
the lower base level. Such migrating knickpoints may
become stalled because of lithological and structural
controls. Whatever the initial cause of a knickpoints, an
additional factor in its persistence may be insufficient time
for stream profiles to adjust to disturbances or changes.
Independently of any notions of normative grade or steady-
state profiles, adjustments to e.g., sediment inputs, cutoffs,
avulsions, and migrating incision local may reduce or
eliminate profile convexities over time. (Phillips , et al ,
2010)

[t e - =

Plate (5) Knick point in A) upper section and B) in middle
section of Wadi Bir el Ain.
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Studies of knickpoints and knick zones have tended to
emphasize particular causes, such as Lithology (Miller,
1991), base level change (Bowman et al., 2007), tectonic
deformation (Schumm ,et al., 2000), or upstream migration
of an incision signal (Anthony and Granger, 2007a). This
emphasis is generally attributable to an explicit interest in
the relationship between a particular forcing and the profile
response. However, more broadly focused studies of
knickpoints have often found multiple causality within the
same river system. For instance, Bishop et al. (2005) and
Crosby and Whipple (2006) found knick point locations and
recession rates to be a function of both transmission of an
incision signal upstream and stream power (related to
drainage area). Larue (2008) found profile convexities to be
due to a combination of tectonic, structural, and lithological
controls. In Wadi Bir El- Ain, incision apparently drives the
formation of knickpoints, but local structural features
determine their location, size and morphology (Phillips and
Lutz, 2008).

The presence of several similar (knickpoints) , but buried
and inactive , knickpoints along the upper and middle course
reach indicates that the locus of most active channel incision
has shifted with time (WohLE., et al , 1994 | pp:1-13) ,
probably in response to base level changes associated with
tectonic activity along the Wadi Bir El Ain ,thus the rate and
manner of channel incision along the wadi are controlled by
lithologic variability and tectonic uplift as they influence
channel morphology and gradient , which in turn influence
hydraulics and sediment transport .

Morphology of knickpoints

In the area of the knickpoints where the channel gradient
increases, the Wadi runes to a large extent a bedrock. From
field measurements the channel is approximately 2-5 m
wide, 3-9 m deep and it displays a V-shaped cross- sectional
geometry. And the gradient is very steep to cliff its slope
angles a ca 35°- more 45 degrees. The lower Eocene
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conglomerates exposed in the channel are polished and
display streamline forms. Locally, it is mantled by a ca.50 —
200 cm thick cover of gravel and conglomerate blokes of
several m3 that are derived from Eocene blocks .

a- Geomorphological process below the knick point

In the lower portion below the knickpoints, the braided
nature of the valley belt and the clast supported fabric of the
deposits suggest that sediment transport occurs episodically
as bedloads during high discharge events. The bordering
hillslopes reveal a variety of geomorphic features that
suggest of occurrence of episodic and continuous mass
movement processes . The angular lower contacts of these
slopes indicate that the down-slope flux of sediment is
balanced by sediment transport in channels. The dip angles
measured on the lower portion of the two sides hillslopes
display magnitudes that are characteristic for an at — yield
mechanical state , and the associated bulges that border the
scars in the down slope direction (landslide deposits) .The
smoothness of the uppermost portions of these slopes
indicates that the predominant nature of sediment transport is
soilfluction .(Schlunegger , F., and Schneider , H., 2005 , pp
111-112) .

In contrast, the nearly vertical slopes of the hillslopes on left
side of the valley indicate that erosion and sediment
mobilization occurs by rock falls. The slopes are likely to be
beyond the critical angle of failure .it appears that the left
and right hillslopes reflect the dip of bed rock rocks forming
the incised channel or meanders.

b- Some features is associated with
Geomorphological process below the knick point
1- Rapids:

are stair-like arrangements of boulders on steep slopes.
Individual particles are numerous enough or large enough to
break the water surface at mean annual discharge (Graf,
1979). Rapids form by transverse movement of boulders at
high flow stage (recurring perhaps once every few years). A
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series of ridges of coarse clasts spaced proportionally to the
size of the largest clast is produced. Grant et al. (1990)
distinguish rapids from riffles by their increased steepness,
their greater areal proportion of supercritical flow, and the
arrangement of boulders into transverse ribs that span the
channel. Rapids in bedrock channels may be analogous with
riffles in alluvial systems. plate (6) .

2- Plunge Pools

Are formed under the force of natural source, such as a
waterfall or rapids , the swirling water , sometimes caring
rocks within it , erodes the wadi or stream bed into a basin ,
often featuring irregular and rough sides . plunge pools are
erosional features which occur in the youth stage of Wadies
or rivers , when soft rock has been eroded back to a
knickpoint ,water constantly bombards its base . Because this
rock is often less dense than surrounding strata, the water
from the higher grate continues eroding downward. from
field study can measured the dimensions to some pools
which around 50 cm depth and 1 m width , because
sometimes they was filled by sediments , some pools are
joined together and forming channel in the main stream .

Plate: (6) Rapids in upper section of Wadi Bir Al Ain
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Bisson ,P., et al (1981) classified the pools into two major
groups ; the_first , backwater pools occur wher major
obstructions occur in the channel , these include in study
area boulders, bars and large stones which are felled from
wadi hillslopes ,which fall into these pools with declining
velocity and energy gradient .consequently , sediments are
deposited into these locations and format separation zones on
the lee side of boulders and blocks of stones . The Scand
group, Dammed pools occur upstream of boulder lines in
rapids and, on a larger scale , upstream of channel spanning
debris jams or gravel accumulation .

In addition to the later , from field study the researcher found
some pools are joined or connected ,this are called scour
pools which occur where a construction which the water run
around it , these represent the deepest places in the incised
channel in Wadi Bir el Ain .Plate (6) .

The meandering parameter (morphology):

Some geomorphologies (Leopold and Wolman, 1957 ,
Schumm and Khan , 1972 , Carson , 1984 , Bridge , 1985)
postulated that river forms reflect three main independent
factors, namely (1) the discharge regime which depends on
climatic and soil conditions; (2) the slope or gradient
conditioned by the relief of the area crossed by the river; (3)
the erodibility of the bed depending on the sediment
properties. These three controls determine features of the
river pattern and hydraulic conditions of the flow. Lokhtin
offered a channel development criterion, defined as the ratio
between the stream power (indexed by the gradient) and the
erodibility of the bed (indexed by grain size). Lower values
of this criterion  correspond  with  stable  sinuous
‘meandering’ rivers; higher ones conform to unstable
divided or ‘braided’ streams.

Original classifications of river channel pattern (Leopold and
Wolman 1957) discerned three essential types: straight,
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meandering and  braided. Anatomizing, split, wandering,
‘meandertal’ (meandering Talweg) and some other patterns
were distinguished later, and were interpreted either as
transitional forms or as subtypes. As new types were
discerned, new classification schemes were developed.
Nowadays the classification of Kellerhals et al. (1976) is
most detailed, but it appears to be rather complicated.

This classification was criticized by Chalov (1979,
1983), who argued that it fails to distinguish the structural
levels of fluvial relief: side bars and meanders, mid-channel
bars and floodplain islands are all treated as comparable
forms in terms of their role in the classification. Chalov
recommended three classes of relief to be  defined:
floodplain, channel form and bar. Another shortcoming
occurs in that limiting conditions of channel migration were
given little consideration, and are only relative to the
meandering process. Accordingly, Chalov (1983, 1996)
proposed distinguishing Incised rivers and rivers with
wide floodplains (wide-floodplain rivers), transitional
types of rivers with confined channels as well. Each of
these could be subdivided as straight, meandering or
branched. Vertical deformation plays a general role in the
development of incised channel patterns. Morphological
features of incised rivers are determined mainly by the
geological structure and history of the wvalley. Channels
formed along folds and faults in hard rocks are rather
straight. Incised meanders usually develop as a result of the
intensive incision of originally sinuous rivers in relatively
soft rocks. Multiple channels in this case are connected
either with hard rock exposure in the river bed (structural
branches) or with accumulation areas where flow capacity
decreases both in valley expansions and when slope
diminishes as a result of downstream changes in Lithology.
Although ,variable of factors are responsible to channel
sinuosity ,I can interpret the development of bed rock
channel sinuosity to indicate high lateral erosion relative to
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bed incision , and that increasing sinuosity is a key
mechanism by w hich Wadies widen their valleys either
downstream or over time (Jansen , et al , 2006 ; Ahmed ,A.,
and Fawzi , A., 2009) .

1- Meandering pattern:

Two minor modifications have been adapted to the
procedures previously used in defining the sinuosity of
channel (e.g. Leopold and Wolman, 1957); firstly, the
channel length has been measured along a line that runs mid-
way between the channel banks. this has allowed
measurement readily form topographical maps, areal
photographs and satellite images, and also has the advantage
that the channel length is unlikely to change in a major way
with changes or river water level (Friend, P and Bristow , C.,
1993, p. 115) .

Secondly , the meandering (sinuosity) parameter has been
extended to multi — channel situation where it is based on the
mid — channel length of the channel that is widest in each
reach of the channel belt Fig . (14) the modified sinuosity
parameter P, is defined as :-

P=LCMAX /LR

Sinupgity F = !'! .’I.R

After : (Friend, P and Bristow , C., 1993, p. 115) .
Fig . (14) Diagram representing the calculation of the
Sinuosity of Single-channel
and multi-channel Wadies
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Where LR is the overall length of the channel belt
reach measured along a straight line , and L cmax is the
mid-channel length for the same reach , or the mid-channel

length of the widest channel , where there is more than one
channel Fig. (14) .

Various methods are used to quantify the geometric
characteristics of meandering channels. These are based on
measurements that can be made in the field, from maps,
aerial photographs and, increasingly, satellite images. The
spacing of meander bends, or meander wave length(L), can
be determined by measuring the straight — line distance from
one bend to the next , Cook and Doornkamp (1977) , which
there is a well established relationship between channel
width and a meander wave length , which is approximately
10 to 14 times the bankfull width .Radius of curvature (rc) ,
can be determined by fitting a circle to the centre line of a
meander bend , this allow to comparison between channels
of different sizes, the tightness of bend is usually expressed
as the ratio between the radius of curvature and channel
width at the bend :-

Tightness of Bend = rc/w

This ratio is relatively small for tight bends and increases for
bends that curve more gradually. Observations have shown
that many bends develop an rc/w ratio of 2 to 3. For bends
that are tighter than this, flow separation leads to increased
energy losses (Bagnold, 1960).

Incised meander formation and development

Incised channels are ubiquitous features of disturbed
landscape, whether incision results from natural causes or as
the result of human activities, incised channels are found
wherever and whenever there is as access of flow energy
(sediment transporting capacity) relative to the amount of
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sediment supplied to the stream (Simon , A., and Darby , S.,
2002, pp: 229 —230) .

The precise causes of sediment supply- transport imbalances
that lead to incision have been intensively researched
(Schumm , et al , 1984) ;(Schumm , 1999) is noticed that
river (valley) tendency to meander in where increase in
sediments especially the silt and mud in banks and beds of
channels and the meander channel is steep gradient and deep
, ,while the straight channel is shallow . so, there are
correlate between sinuosity and bedloads ,which increase in
meandering while the loads on bed as abed load .

Durey (1970, pp: 266-270) reveres that incised meander is
induced by streams, work within the Pleistocene, which
amount of sediments are derived with flood waters so, it can
say that incised meander are induced by the variation in river
regime.

But we can accept this opinion absolutely because two
reasons: The first; we can’t estimate the rates of erosion and
sediments which are formed this meanders, to difficulties
imagined completely invasion for the rains and runoff
through the Pleistocene. The Scand; The effect of structure
and biological factors in Wadi pattern.

Finally ,and based on the result of some geomorphological
studies and field investigation , recent study can summarized
the main factors which the channel shape associated with
them including changes in climate , land cover (sediments) ,
tectonics , the role of plants , relief and gradients, and it has
been realized that sea level fluctuation .

Conclusion :

1- The Data is collected give a detailed picture of the
incised meander characteristics’ and formation in Wadi Bir
El- Ain .

2- A Variety of Knickpoints exists in Wadi Bir El —Ain,
while some of these are likely related to base level change
and incision in Wadi Bir El-Ain drainage Basin.
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3- Field study indicated that the Knickpoints not
attribute to single factor is dominated ,such as changes in
base level, but there are local factors such include rock fall
rapids are collected by mass wasting from adjacent valley
hillslopes ,structurally controlled headwater cliffs , and
discharge influence in created some knickpoints and incised
channel associated with them.

4- The geological Lithology, structure and gradient can
interpret the development of the bedrock incised meanders in
Wadi Bir EI — Ain .

5- The morphology of Wadi and the factors of discharge
(drainage basin size, gradient and climate) play the most
significant role in determining to what degree Wadi systems
are able to adjust vertically in response to sea-level fall.

6- The sedimentation in a meander bend and incised
meander obey the fining — up wards cycles is deposited, with
this sedimentary sequence identified as the most probable by
transition probability analysis.

7- According sinuosity index, channel in Wadi Bir El-
Ain 1s described by meandering, this interpret the
development of bedrock channel sinuosity to indicate high
lateral erosion relative to bed incision.

8- The study has found that a smoothly concave
longitudinal profile is not necessarily a normative state for
present-day Wadies. On the other hand, strongly concave
profiles can arise in areas of active faulting, in the absence of
the presumed steady-state relationship between discharge,
slope and sediment supply associated with the formation of
graded profiles.

9- One of the most important conclusions of my work
refers to the relation between the incised channel or meander
and the presence of knickpoints , the discharge factors and
wade’s morphology .

Acknowledgments :

The author is thankful to Dr. Mohamed Sabry
(professor at geography department, Cairo University) in the



Morphology and Formation of Incised Meanders in Wadi “BIR EL
AIN” East of Sohag(Egypt)

affiliation for reviewing of the work. and for his helpful
remarks.

References :

1) Abdel Moneim , A., and Fahim , S., (1994)
Hydrogeology and Hydrochemistry of the Wadi bir El-
Ain , North East sohag city , Egypt . sohag pure & App.
Sci ., Bull . Assuit , Vol., 10, pp: 319 —330 .

2) Abu El Ella, E.M., Abdel Mogeeth, S.M., (1993) .
Hydrogeological Aspects of the groundwater aquifers in
Wadi FEl-Assiuti, East Assyut, Egypt. Bull. Fac. Sci.
Assyt. Univ. 22 (1-F), PP: 55-71.

3) Aeromagnetic map of Egypt ; Scale 1:250.000 |,
1977,Compiled by Conoco , EGPC , Cairo .

4) Ahmed , A., and Fawzi , A., (2009) Meandring and
Bank Erosion of The River Nile and its impact on the
area between Sohag and ElMinia , Egypt , Arab Journal
of Geosciences,Vol.4,N.,1-2,pp:1-11.

5) Al abyan , A., and Chalov , R., (1998) Types of river
channel patterns and their natural controls , Earth Surface
Processes and Landforms , vol ., 23 , pp: 467 — 464 .

6) Allen, G.P., Posamentier, H.W.,(1993) Sequence
stratigraphy and facies model of an incised valley fill: the
Gironde Estuary, France. Journal of Sedimentary
Petrology 63 (3), PP :378—391.

7) Anthony, D.M., Granger, D.E., 2007a. An empirical
stream power formulation for knickpoint retreat in
Appalachian Plateau fluviokarst. Journal of Hydrology
343,117-126.

8) Ardies, G.W., Dalrymple, R.W. and Zaitlin, B.A.
(2002) Controls on the geometry of incised valleys in the
Basal Quartz Unit (Lower Cretaceous), Western Canada
Sedimentary Basin. J. Sed. Res., 72, pp: 602—618.

9) Ashoor, M., (1990) Geomorphological Survey its
Methods and Fields, Geography and Society Conference,
Alex, Egypt. (In Arabic).



Sohag Univ., Bulletin of The Faculty of Arts, Vol. 33 , Dec. 2012

10)Bagnold, R.A., (1960) . Some Aspects of the Shape of
River Meanders, United States Geological Survey
Professional Paper 282E.

11)Barron ,T., and Hume ,W., (1902) Topography and
Geology of Eastern Desert of Egypt , Geol, Surv.,and
Min., Dept., ,Cairo .

12)Bishop, P., Hoey, T.B., Jansen, J.D., Artza, I.L., 2005.
Knickpoint recession rate and catchment area: the case of
uplifted rivers in eastern Scotland. Earth Surface
Processes and Landforms 30, 767-778.

13)Blum, M.D. and To “rnqvist, T.E. (2000) Fluvial
responses to climate and sea-level change: a review and
look forward. Sedimentology, Vol., PP: 47, PP: 2-48.

14)Bowman, D., Shachnovich-Firtel, Y., Devora, S., 2007.
Stream channel convexity induced by continuous base
level lowering, the Dead Sea, Israel. Geomorphology 92,
60-75.

15)Brice , J., (1974) Evolution of meander loops , Bull.,
Geol., Soc., Am., Vol.,85 , pp:581 — 586 .

16)Brierley, G., and Kirstie A. ,. (2005) Geomorphology
and River Management Applications of the River Styles
Framework , Blackwell publishing , 386 p.

17)Burbank, D.W., Anderson, R.S., 2001. Tectonic
Geomorphology. Blackwell, Oxford, UK.

18)Butzer KW, Hansen GL (1968) Desert and river in the
Nubian. University of Wisconsin Press, Madison, p 562 .

19)Carson, M. A. 1984. ‘The meandering-braided river
threshold: a reappraisal’, Journal of Hydrology, 73, 315—
334.

20)Carson, ML.A., 1984. The meandering-braided river
threshold: areappraisal. J. Hydrol. 113, 1402—-1421.

21)Charlton, R,.(2007) Fundamentals of geomorphology ,
Routledge , London , 234P.



Morphology and Formation of Incised Meanders in Wadi “BIR EL
AIN” East of Sohag(Egypt)

22)Chunming, L., Guangyue, 1., Baichang,w., Lianxing,
G., and Hongchun, Z., (2004) Internal Structure of the
Incised Valley Fill in the Hangzhou Bay, Eastern China
and Its Geological Implications, ACTA GEOLOGICA
SINICA, Vol. 78 No. 3, PP: 7 15-7 19 .

23)Church, M. (2002) Geomorphic thresholds in riverine
landscapes. Freshwater Biology 47,PP: 541-557.

24)Conoco, 1987: The Egyptian General Petroleum
Corporation, Geological Map of Egypt 1: 500,000.

25)Crosby , B., and Whipple , K., (2006) Knickpoint
initiation and distribution within fluvial networks: 236
waterfalls in the Waipaoa River, North Island, New
Zealand , Geomorphology 82 , pp:16-38 .

26)Dalrymple, R.W., Boyd, R., Zaitlin, B.A.,(1994)
Incised-Valley systems: Origin and Sedimentary
Sequences. SEPM Special Publication No. 51, 391 pp.

27)Davidson, S.K. and North, C.P. (2009)
Geomorphological regional curves for prediction of
drainage area and screening modern analogues for rivers
in the rock record. J. Sed. Res., 79, PP:773-792.

28)Diab, M.Sh., El-Shayeb, M.H., Abdel Moneim, A.A.,
Said, M.M., Zaki, S.R., (2002) Evaluation of water
resources and land suitability for development in the
southern part of Sohag, Upper Egypt. Ann. Geol. Surv.
Egypt XXV, PP: 487-512.

29)Egyptian Meteorological Authority (EMA), 2000.
Climatic database.

30)El Husseini , E., (1975) Channel Patterns of the River
Nile in Lower Egypt , Bull., Geog., Cairo , Egypt , pp:
129-152 .

31)Elbeih , S., Belal ,B., Zaghloul. E., (2011) Hazards
mitigation and natural resources evaluation around Sohag
— Safaga highway, Eastern Desert, Egypt , The Egyptian
Journal of Remote Sensing and Space Sciences , vol.,
14,PP: 15-28 .

<o



Sohag Univ., Bulletin of The Faculty of Arts, Vol. 33 , Dec. 2012

32)Ethridge, F.G., Germanoski, D., Schumm, S.A. and
Wood, L.J (2005) The morphological and stratigraphical
effects of base level change: a review of experimental
studies. In: Fluvia Sedimentology VII (Eds M.D. Blum,
S.B. Marriott and S.F Leclair), Spec. Publ. Int. Assoc.
Sedimentolog.,Vol., 35, pp: 213-241.

33)Fisk, H.N., McFarlan Jr., E., (1955) Late Quaternary
deltaic deposits of the Mississippt River. Geological
Society of America, Special Paper 62, 279— 302.

34)Friend ,P., and Sinha , R., (1993) Braiding and
meandering parameters , from : Best , J., and Bristow ,
C., (eds) ,Braided Rivers , Geological Society special
Publication No.,75 , PP:105 - 111 .

35)Graf, W.L., 1988. Fluvial Processes in Dryland Rivers.
Springer-Verlag, Berlin. Grant, G.E., 1997. Critical flow
constraints flow hydraulic in mobile-bed streams: a new
hypothesis. Water Resour. Res. 33 (2), 349-358.

36)Grant, G.E., Swanson, F.J. and Wolman, M.G. (1990)
Pattern and origin of stepped-bed morphology in high-
gradient streams, Western Cascades, Oregon. Geological
Society of America Bulletin 102,PP: 340-352.

37)Gregory, K.J. and Walling, D.E. (1973) Drainage Basin
Form and Process: A Geomorphological Approach,
Edward Arnold, London, 456p.

38)Gupta, S.,(1999) Controls on sedimentation in distal
margin palaeo -valley in the Early Tertiary Alpine
foreland basin, southeastern France. Sedimentology 4
(2),PP: 357 384.

39)Gutierrez, B.T., Uchupi, E., Driscoll, N.W. and
Aubrey, D.G., 2003. Relative sea-level rise and the
developement of valley-fill and shallow water sequences
in Nantucket sound, Massachussetts. Marine Geology,
193 (3-4), 295-314.

40)Hassan, M.A. and Klein, M. (2002) Fluvial adjustment
of the Lower Jordan River to a drop in the Dead Sea
level. Geomorphology, 45,pp: 21-33.

{2



Morphology and Formation of Incised Meanders in Wadi “BIR EL
AIN” East of Sohag(Egypt)

41)Issawi B, Hassan MW, Osman R (1978) Geological
studies in the area of Kom Ombo, Eastern Desert, Egypt.
Ann Geol Surv Egypt V. VIII:187-235 .

42)Issawi B, McCauley JF (1992): The Cenozoic rivers of
Egypt: the Nile problem. In: Freidman, R. and Adams, B.
(Eds), The Followers of Horus: Studies Assoc. Public.,
No. 2, Oxbow Monog. 20, Park End Place, Oxford, p.
121-138.

43)Khadkikar , A., and Rajshekhar , C., (2005) Holocene
valley incision during sea level transgression under a
monsoonal climate , Sedimentary Geology , Vol., 179 ,
pp : 295-303 ..

44)Leigh, D.S. and Feeney, T.P. (1995) Paleo-channels
indicating wet climate and lack of response to lower sea
level, south- east Georgia. Geology, 23, pp: 687—690.

45)Leigh, D.S., Srivastana, P. and Brook, G.A. (2004)
Late Pleistocene braided rivers of the Atlantic Coastal
Plain, USA. Quatern. Sci. Rev., 23, pp: 65-84.

46)Leopold ,L., and Wolman , M., (1960) River meanders ,
Bull., Geol., Soc., Amer., Vol., 71 , pp: 769 — 794 .

47)Leopold, L.B., Wolman, M.G., Miller, J.P., (1964)
Fluvial Processes in Geomorphology. Freeman, San
Francisco, CA. 522 p.

48)Li, C., Chen, Q., Zhang, J., Yang, S., Fan, D.,(2000)
Stratigraphy and paleo-environmental changes in the
Yangtze Delta during the late Quaternary. Journal of
Asian Earth Sciences 18,PP: 453-4609.

49)Loget, N. and Van Den Driessche, J. (2009) Wave train
model for knickpoint -migration. Geomorphology, 106,
pp: 376-382.

50)MacDonald , A., Filt , L., and Hektoen , A (1998)
Stochastic Modeling of Incised Valley Geometries |,
AAPG Bulletin, Vol. 82, P. 1156-1172

<o



Sohag Univ., Bulletin of The Faculty of Arts, Vol. 33 , Dec. 2012

51)Mahran TM (1993) Sedimentology of Upper Pliocene—
Pleistocene sediments of the Nile Valley area: a model
around Aulad Toq Sharq environs, SE of Sohag, Egypt.
Bull Fac Sci Assiut Univ 22(2-F):1-25 .

52)Mattheus , c., and Rodriguez , a., (2011) controls on
late Qaternary incised — valley dimension along passive
margins  evaluated  using  empirical data
Sedimentology,Vol., 58 , pp:1113-1137 .

53)McKenney, R. (2001) Channel changes and habitat
diversity in a warm-water gravel-bed stream. In: Dorava,
J.M., Montgomery, D.R., Palcsak, B.B. and Fitzpatrick,
F.A. (eds.) Geomorphic Processes and Riverine Habitat.
American Geophysical Union, Washington, DC., pp. 57—
71.

54)Morisawa, MLE. (1962) Quantitative Geomorphology of
Some Watersheds in the Appalachian Plateau, Geol. Soc.
Amer. Bull 73, pp: 1025-1046.

55)Mosleh , K., (2003) Alluvial Fans along the eastern side
of Wadi El- Nile (south- east sohag) ,Bull., Geog.,
Cairo , Egypt, Vol., 42 , No., 2 , pp:535 — 595 . (In
Arabic).

56)Nebegu, A.B. (2005), Determinant of Sediment Yield in
River Basins. Implications for Reservoir Management,
International Journal of Environmental Issues 3(2), pp:
40-48.

57)Nichol, S.L., Boyd, R., Penland, S.,(1996) Sequence
stratigraphy of a coastal plain incised valley estuary:
Lake Calcasieu, Louisiana. Journal of Sedimentary
Research 66, 847— 857.

58)Omara ,S., etal (1973) Detailed Geological Mapping of
the area between latitude of Sohag and Gerga ,East of the
Nile , Bull,of fac.of Engineering ,Univ.,of Assuit
,Vol.1,No.,1.

59)Pasternack, G.B., Ellis, C.R., Marr, J.D., 2007. Jet and
hydraulic jump near-bed stresses below a horseshoe
waterfall. Water Resources Research 43, WO07449.
doi:10.1029/ 2006WR005774.



Morphology and Formation of Incised Meanders in Wadi “BIR EL
AIN” East of Sohag(Egypt)

60)Phillips , J.,, McCormack , S., Duan ,J., Russo , J.,
Schumacher , A., Tripathi , G., Brockman , R., Mays
, A., and Pulugurtha , S., (2010) Origin and
interpretation of knickpoints in the Big South Fork River
basin, Kentucky—Tennessee , Geomorphology , Vol., 114
,pp: 188—-198 .

61)Phillips, J.D., Lutz, J.D., 2008. Profile convexities in
bedrock and alluvial streams. Geomorphology 102, 554—
566.

62)Plint, A.G. and Wadsworth, J.A. (2003) Sedimentology
an paleogeomorphology of four large valley systems
incisin delta plains, western Canada Foreland Basin:
implication for mid-Cretaceous sea-level changes.
Sedimentology, 50 1147-1186.

63)Posamentier, H.W. and Allen, G.P. (1999) Siliciclastic
sequence stratigraphy: concepts and applications. SEPM
Concepts Sedimentol. Paleontol., 7, 216P.

64)Ramadan ,Kh., (1992) Mineralogy of the Nile clay
Sediments, Sohag Area , upper Egypt — Sohag Pure and
App.,Sci.,Bull,of Fac.,of sci., Egypt , Vol.8.

65)Roy, P.S., Cowell, P.J., Thom, B.G.,(1995) Wave-
dominated coasts. In: Cater, R.-W.G., Woodroffe, C.D.
(Eds.), Coastal Evolution. Cambridge Univ. Press, pp.
121- 186.

66)Roy, P.S.,(1984) New South Wales estuaries: their origin
and evolution. In: Thom, B.G. (Ed.), Developments in
Coastal Geomorphology. Australia Academy Press,
Sydney, pp. 99-121.

67)Roy, P.S.,(1994) Holocene estuary evolution-
stratigraphic  studies from southern Australia. In:
Dalrymple, R.-W., Boyd, R., Zaitlin, B.A. (Eds.), Incised-
Valley Systems: Origin and Sedimentary Sequences.
SEPM Special Publication No. 51, pp. 241- 263.

68)Said R (1983) Proposed classification of the Quaternary
of Egypt. J ., Afr., Earth Sci., Vol.1:41-45

69)Said R (1990) The geology of Egypt. Balkema,

Rotterdam, p 734.



Sohag Univ., Bulletin of The Faculty of Arts, Vol. 33 , Dec. 2012

70)Said, R., (1981) The River Nile. Springer-Verlag, Berlin,
151 p.

71)Sandford KS, Arkell MJ (1939): Paleolithic man and
the Nile Valley in Nubia and Upper Egypt.Univ. of
Chicago Orient Inst., Public, pp. 1-131

72)Schlunegger , F., and Schneider , H., (2005) relief-
rejuvenation and Topographic length scales in a fluvial
drainage basin, Napf area , central Switzerland
Geomorphology, Vol., 69, pp:102 -117 .

73)Schumm, S.A. (1993) River response to base level
change: implications for sequence stratigraphy. J. Geol.,
101, pp: 279-294.

74)Schumm, S.A. and Brackenridge, S.A. (1987) River
response. In: North America and Adjacent Oceans during
the Last Deglaciation (Eds W.F. Ruddiman and H.E.
Wright, Jr),Geol. Soc. Am., The Geology of North
America, K-3,pp: 221-240.

75)Schumm, S.A. and Ethridge, F.G. (1994) Origin,
evolution and morphology of fluvial valleys. In: Incised-
valley Systems: Origin and Sedimentary Sequences (Eds
R.W. Dalrymple, R. Boyd and B.A. Zaitlin), SEPM Spec.
Publ., 51,pp: 10-27.

76)Schumm, S.A., 1999. Causes and controls of channel
incision. In: Darby, S.E., Simon, A. (Eds.), Incised River
Channels. Wiley, Chichester, UK, pp. 19— 33.

77)Schumm, S.A., Dumont, J.F., Holbrook, J.M., 2000.
Active Tectonics and Alluvial Rivers. Cambridge
University Press, New York.

78)Schumm, S.A., Harvey, M.D. and Watson, C.C. (1984)
Incised Channels: Morphology, Dynamics and Control.
Water Resources Publication, Chelsea, MI, 200 pp.

79)Schumm, S.A., Harvey, M.D., Watson, C.C., 1984.
Incised channels. morphology, dynamics and control,
water. Res. Publ., CO.



Morphology and Formation of Incised Meanders in Wadi “BIR EL
AIN” East of Sohag(Egypt)

80)Senosy , M., (1994) Surface and subsurface studies on
thee area between El-Balyana and Tima east and west of
the Nile valley — Egypt , PhD Thesis geology deprt.,
Faculty of science , assuit Univ.

81)Shukri NM (1950) The mineralogy of some Nile
sediments. Quart J Geol Soc London 105:511-534

82)Simon , A., and Darby , S., (2002) Effectiveness of
grade — control structures in reducing erosion along
incised river channel s :the case of photopia creek ,
Mississippi , Geomorphology , vol., 42 , pp:229 — 254 .

83)Strong, N. and Paola, C. (2008) Valleys that never
were: time surfaces versus stratigraphic surfaces. J. Sed.
Res., pp: 78, 579-593.

84)Suter, J.H.L., Berryhill Jr., H.L., Penland, S.(1987)
Late Quaternary sea-level fluctuations and depositional
sequences, southwest Louisiana continental shelf. In:
Nummedal, D., Pilkey, O.H., Howard, H. (Eds.), Sea-
Level Fluctuation and Coastal Evolu- tion. SEPM Special
Publication No. 41, pp. 199—219.

85)Tesson, M., Labaune, C. and Gensous, B., 2005. Small
rivers contribution to the Quaternary evolution of a
Mediterranean littoral system: The western gulf of Lion,
France. Marine Geology, 223-223, 299-311.

86)Twidale , C., (2004) River patterns and their meaning ,
Earth Science Reviews,Vol., 67 PP:159-218 .

87)Van Heijst, M., Postma, G., 2001. Fluvial response to
sea-level changes: a quantitative analogue, experimental
approach. Basin Research 13, 269-292.

88)Van Wagoner, J.C., Mitchum, R.M., Campion, K.m.
and Rah- manian, V.D. (1990) Siliciclastic sequence
stratigraphy in well logs, core, and outcrops: concepts for
high-resolution correlation of time and facies. Am.
Assoc. Petrol. Geol., Meth. Explor. Ser., 7, 55.

<o



Sohag Univ., Bulletin of The Faculty of Arts, Vol. 33 , Dec. 2012

89)Van Wagoner, J.C., Posamentier, H.W., Mitchum,
R.M., Vail, P.R., Sarg, J.F., Loutit, T.S. and
Hardenbol, J. (1988) An overview of sequence
stratigraphy and key definitions. In: Sea-level Changes:
An Integrated Approach (Eds C.K.Wilgus, B.S. Hastings,
C.G.St.C. Kendall, HW. Posamentier, C.A. Ross and
J.C. Van Wagoner), SEPM Spec. Publ., 42, 39-45.

90)Weber, N., Chaumillon, E., Tesson, M. and Garland,
T., 2004a. Architecture and morphology of the outer
segment of a mixed tide and wave-dominated incised
valley, revealed by HR seismic reflection profiling : The
paleo-Charente River, France. Marine Geology, 207, 17-
38.

91)Wohl ,E., Greenboun , N., Schick ,A., and Baker,V.,
(1994) Controls on bedrock channel incision along nahal
Paran ,Israel , Earth surface Processes and Landforms
,Vol., 19 ,pp : 1-13 .

92)Wood, L.J., Ethridge, F.G. and Schumm, S.A. (1994)
An experimental study of the influence of subaqueous
shelf angles on coastal plain and shelf deposits. In:
Recent Ad-vances in and Applications of Siliciclastic
Sequence Stratigraphy (Eds H.W. Posamentier and P.
Weimer), AAPGmem., 58, pp: 381-391.

93)Young, A., (1972) Slopes, Olliver and Beyond,
Edinburgh.

94)Youssef , M., Ibrahim , H., Bakheit , A., and Senosy .
M., (1998) Tectonic Patterns developed within the sohag
region, middle Egypt, Journal of African Earth Sciences,
Vol., 26, No.2, PP: 327 — 339.

95)Zaitlin, B.A., Dalrymple, R.W., Boyd, R., (1994) The
stratigraphic organization of incised valley systems
associated with relative sea-level change. In: Dalrymple,
R.W., Boyd, R., Zaitlin, B.A. (Eds.), Incised-Valley
Systems: Origin and Sedimentary Sequences. SEPM
Special Publication No. 51, pp. 45-62.

96)Zhang,B., Al Nan shan ,Hung , Z., Yi,C., and Qin, F.,
(2008) Meanders of the Jialing River in
China:Morphology and Formation , Chinese Science
Bulletin , Vol., 53 , No.,2,PP:267 — 281 .



