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Abstraet:
Wadi Al Agul terraces were surveyed and investigated by the

use of ropographic, geologic maps and intensive feldwork. Some
base such a geretic distinction, topographic relationship between
terrace levels, and bedrock lithology has been used to classify the
Wadi Al Agul terraces.

The results obtained from mapped cros$-section and the
lorgitudial profiles of both Wadi sides and Wadi bed indicared
that the Wadi Al Agul terraces could basically be divided into two
types of !erraces. The frst type is a depositional rerrace (no
levels), and the second rype is an erosional one. On the other hand,
depositional terraces are classifed into paired and unpaired ones.

An artempt was made to differentiate between the two
populations of sorting occurred in depositional terraces. The
differentiation depends upon grain size distribution curves and
staristical paramereres. The old terace formations are coarser,
poorly sorted, slinglrly positive skewed and has higher kurtosis
value than the recent one. The morphometric analysis of the
terrace gravels indicates thar the gravels of the recent terrace are
rouded, as compared to the gravels of the old terrace.
Introduction:

Wadi al Aqul basin is،situated in the northeastern part of al

() Departmnent of Oeography, Faculty of Arts, Alexandria University, Egypt,
and College of EducaUion for Girls, Al Madiah A MunawwAmah, Kingdom
of Saudi Arabia. P.OB. 3193.
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Madinah al Munawwarah, Kingdom of Saudi Arabia. It lies just
northem of Harrat Rahat, and it is located beTween latitdes 24"20"
- 24" 40" N and longitudes 39' 39" -40" 05 E. (Fig. No. 1).

The basin perimeter measures about 137.50 km, while its wid
varies from about 8.75 km to 25 km, with an average of 17 km. 8
watershed separating it from Wadi al Oana in the north, and tht
Wadis of Harrat Hemah and Harrat Rahat in the south. And, i  ا
drains an area of about 581.25 sq.km.

The main valley of Wadi al Agul stretches from the wester
flanks of Harrat Hermah (at the northeast) and follows ' ا
southwestward course in a linear stnucture depression through th&
basement and volcanic rocks for nearly 47.50 km. Then, it connect
with Wadi al 0ana at the eastem side of Jabel Uhud before
connecting with Al Madinah basin @Panorama. No. 3).

Wadi al 'Aqul receives numerous tributary valleys, the most
important of which, particularly in the lower section, are Wadi al
Khanaq, Wadi al Bitan on the eastem side, and Wadi Tawrah on
the western side.
Objectives of the study:

The present study is intended to achieve the following
objectives:
1. Surveying of the terace belt of Wadi al Aqul to detemine

terace distribution and their levels.
2. Studing the geomorphologic characteristics of these teraces and

their deposits in order to assess the rates, conditions and
dynamics of the processes operating in the valley at the time of
aggradation.

3. Examining the effects of the paleoclimatic conditions, and the
recent geomorphic controlling factors.
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Materals and metlods:
Data of the present study were derived from the folowing main

sourCes:

1. Data obtained from the interpretation of topographic and
geologic maps of Al Madinah Ouadrangle, at scales : 1:
10,000, 1:250,000.

2. Data obtained from the field measurement as the following
steps:
- Surveying of the terace belt within threeyears from 1998 t

2000.
- To study the tenaces morphology and their levels, six cross

sections were measured at a different disuances.
- To describe the materials of Wadi teraces, three samples

were carefully collected, (one from the old terace, and the
other two from the recent tenace and the Wadi - bed); for
laboratory analysis. Mechanicلa anslysis was canied out by
the conventional sieving method0). Then, the cumulative
percentages were plotted on probability paper and graphical
method was used. The grain size statistical parameters were
calculated by computer, using the fomulae of Folk and
Ward (1957).

-To achieve the best rsults on the roundness Tatio of terace
pebbles, 300 pebbles were collected : 150 pebbles from each
terace. Ln addition, two dimensions were measured for each
pebble according to the standard methods.

Geologic and clinatic setting.
The stdy of the basin geology is imporant for the type of rock

(") Mechanical anلa ysis was canied out by Ceologicلa Departent, Faculry of
Science, Alexandria University in I081999.,
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underlying the basin detemines the nature of materi , aل which is
available for erosion and transoportation within the drainage basin
(Gregory & Walling, 1973).

Precambrian metasedimentary, extensive Tertiary and
Cuaternary basalt flows and Cuaterary surficiai deposits underlie
Wadi a Aqulل basin GFig. No. 2).

The Precambrian is represented by Upper Preterozoic rocks,
which is subdivided into three fommations:
1. Urayfi fommation, which consists of several thousand meters of

Epiclastic ' rocks and is interbedded by volcanic breccia and
Huff. These fommations fom the majority of the basin rocks.
Rhyolite,.ignimbrite, rhyolitic breccia and tff are prominent in
Jabal Tiyyam at the lower section of Wadi al Aqul (Fig. No. 2).
The top of this formation is marked by slight angular
unconfomity with the Oidirah fomation (Pellaton, 1981).

2. Qidirah formation, that is essentialy conposed of andesite,
basalt and volcanic breccia with1 fragments as much as 30 cm in
size. The mnain outcrop of the Qidirah fomation is located in
the southern upper secrion of Wadi Khanag (A major tributary
of Wadi Al Aqul).

3. Dawnak fommation, is constituted of sandstone, graywackes and
conglomerates and outcrop mainly in the lowersection of the
basin, east of al Madinah air port (Matar). This formation is.
restrigted ،to the norh of Harrat Rahat basalt. The Dawnak
fomaion is represented by a thick accumulation of various
detrital rccks (Panorama. No. 2).

(1) The tem "Epiclsuc" is used to describe immature, heterogeneous and poorly
orted seimenuary rcck wit subangular fragments and abnupt facies chAngesن 
which is fomned by reworking of volcanic matenial mostly Pyroclastic in
origin.
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Tertiary and Cuatemary basalt cover an area ahur 33% of the
basin area (Fig. No. 2). It is possibleUs distinguish Two groups of
basalt. Firstly, the oldest basalt which is gray, ad omprises
rouhded blocks scattered over flat surfaces where the prismatic
nature of the lava can be distinguished in places, and hgve flatepe
edges. Secondly, the youngest basalt which is blccky display floe
stnuctures, and has thick edges. These charactersitics, are
progressively disappeared with time due to erosion. Both types of
basalt are mainly composed of olivine and zeolite phenocrysts in a
matrix of augite (Baubron, 1976).

The Pleistrocene and Holocene formations are surficial
deposits of varied fluvial, eolian and lacustrine origin, and are
commonly closely intermixed. Three types of these deposits have
been identified:
1. Wadi alluvium of gravel, sand and clay that particularly follows

the main Wadi beds.
2. Sabkhah or khabrah deposits of sand and clay, with or without

saline deposits, in closed or semi closed depressions (Panorama.
No. 2).

3. Terraces of poorly consolidated pebbles and gravel at the lower
secTion of Wadi al Aqul and alluvial fans dissected by recent
erosion (Panorama. No. 9, as an cxample)..
Most faults in the Wadi Al Aqul basin appear to belong to the

Najd fault system. They generally strike NE. 40" -50 SW. The
clearest syncline belonging to this major phase is that at the lower
section of Wadi al Aqul constituting the Furayh basin at the east of
al Madinah airpor. It has a north south axis, but is complicated by
numerous secondary folds.
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Abdel- Aziz Ali (1996) used the factor analysis techniques to
stdy and classify the climate of the Kingdom of Sauنd Arabia. He
points out that the climate of al Madinah al Munawwrah is of the
arid type, which is characterized by a wamm and dry winter and
very hot and dry summer. Mean annual precipitation reaches about
57.9 mm. The average maximum temperatre ranges from 21.5"C
to 42"C, and the average minimum temperatre ranges from 13.2C
to 29.4'C, with annual average tat ranges from 17.3'C t0 35.3C
(Said, 1995, in Arabic).

Distributon and evolution of Wadi Al Agulterraces :

THe feld investigation, illustrated maps (Fig. No. 4) and cross -
sections (Fig. No. 5 & 6) indicate that, the Wadi Al Aqul terraces
are well distributed at the lower section of the valley, with
dissimilar shapes and types. They are extended for more than 5 km
from the Wadi dam to thejunction point of Wadi Aqul له and Wadi
A] 0ana (two kilometers at the south west of A Madinahل Airpor),
with varying width beTeen 50- 320 m.

The al Madinah basin represents base level (Local base level)()
of Wadi al Aqul, which is draining into this basin at 600 m above
the present sea level. This means that, when the Pleistocene pluvial
periods happened, the stream was active, and the terTaces were
produced by surges erosion, and hence reflected periods of
rejuvenation, which have affected stream. In other words, when the

() Davis (1902) classified three rypes of base levels of river erosion : Ultimate
(sea level), local (where the level of the major stream channel limits
reducuion) and temporary (knickpoints), A local base level may persist foT
very long periods of timne. Carner (1974) points out that lccal base levels can
be identified by a depositional datum such as a bar at river junction or fans in
anid rcgions @Morisawa, M., 1985, p. 70).
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stream tried to approach an equilibrium state between its old bed
and a new one developed; the vلa ley floor had been lowered by
verticلa and lateral erosion at the same time. Remnants of the old
floor were developed and lifted on opposing valley sides at
different altitudes.

To conclude, the formation of Wadi Al Aqul terraces is
basically attributed to the climatic conditions in Pleistocene and
Recent era, and to the lowering of the local base level due to the
consequently tectonic events.

Longitdinal profiles of both the old and present courses (Fig.
No. 3) indicate that the magnitude of deepening is exceeded 28 m
at some locations (Table. No. 1).

Height differences between the old and the recent Wadi - bed
are attributed to vertical erosion, which has been predominated
especially during the pluvial periods. A height difference of 8 m
was measured just before the junction point of Wadi A] Aqul and
Wadi al ana, which marked the beginning of the study teraces.
On the other hand, the height difference increased to 28 m
immediately after the Wadi dam, for a distance of 5.4 kmn (Fig. No.
4).

According to the survey of the terrace remnants, limits of the
old river bed were traced and mapped (Fig. No. 4). The width of
this bed varied between 160 - 350m, with an average of 256 m
respecting the first width of the river - bed.
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(Table. No. 1) Vertical and horizontal dimensions of the old
Valley foors and the present Wadi bed along the longitudinal

profile of Wadi al Aqu (Ony at the terrace belt).

A B (m[نت C1-C2 C2-C3C1-C2
C1 )ها( c2 c3 (m) (m) ()

1 0.0 625 620 617 8 3 5
2 0.6 626 622 619 7 3 4
3 1.2 627 622 619 8 3 5
4 1.8 627 622 619 8 3 5
5 2.4 628 622 619 8 3 6
6 3.0 635 623 620 15 3 12
7 3.6 641 624 620 21 4 17
8 4.2 650 625 622 28 3 25
9 4.8 651 627 623 28 4 24
10 5.4 652 629 624 28 5 23

ThE average ١ 636. [623.6 1 620.2 ١ 15.9 3.4 12.6

A : Station number, B : Horizontal distance, C : Levels of the old river-
bed and the present Wadi bed (Above the present sea level), CI: The first
level of river-bed, C2: The second level of river-bed, C3 : The prsent
level ٥f Wadi - bed.

The large bed width, which ranges between 100 - 240 m, witb
an average of 185 m, at the second or middle River bed, is due to
the next incision and rejuvenation which has affected the stream.
Clearly, the present Wadi bed formed about 6.4% of the first
Wadi bed, and 37.7% of the second one (Fig. 3). This result reflects
high magnitudes of downcutting and lateral planation acconplished
by the old river under Pleistocenie pluvial / wet periods during the
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first stages of erosion cycle. While, by the end of cycle, the
magnitdes of erosion decreased as a response to climatic change,
and achieved only 16.4% of such magnitde.
Types of Wadial Agul terraces

The classification of Wةdi al Aqul teraces could be based on
several criteria, including a genetic distinction topographic
relationship between terracE levels, and bedrock lighology. For'this
purpose, si cross - sectiois were surveyed in the field and
illustated in figures (No. 5& 6).

According to a genetic distinction, teraces of Wadi al Aqul
were classified into depositional and erosional terates :
1. Depositional teraces :

The development, of depositional terraces always requires a
period for valley fihling and for subsequent entrenchment into or
adjacent to the fill. Ritter, Kochel, and Miller (1995) mentioned
that the tread of depositional terrace represents the highest level
attained by the valley floor as t rose during aggradation. The initial
entrenchment that forms Te terrace scarp is primarily vertical, and
so the tread was subsequent to the latetal erosion at a lower level.

The field surveys and the study of the cross - sections (Figres.
No. 5 & 6) indicate that, there were 'two levels of depositional
terraces on both sides of Wadi al Aqul.
A-the old terace (J0 -28 m):

This terrace occupied an area of 26% fron the total area of
terraces developed 'along the lower section of al Aqul valley (Fig.
No. 4). It is dissected on the northern side of al Aqul valley, while
it disappeared entirely underneath basalt flow except for some
remnants that took place beyound Wadi dam, at the southern side
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(Cross - sections, A & B). ln the same way, this terace seemed
unpaired and asymmeTic in l لة cross- sections,

THe height of the old terace varies between 10-28 m above
the present Wadi bed (Panorama. No. 4), and its width ranges
between 15 - 50 m, with an average of 28 m. Similarly, the
thickness of this terace differs from one place to another. While
the apparent thickness was measured at 15, 12, and 18 m in crOss­
sections namely A, B and C (Fig. No. 5) it was measured at 7,15
and 12 m in cross - sections D, E and F respectively (Fig. No. 6).
Variations in terace thickness may be attributed to the deposition
and erosion effects.
B. The recent terrace (3 -5 m):

Geomorphologic map of the terraces under investigation (Fig.
No. 4) indicates that the recent terrace extended on both the
northern and the southem banks of the Al Aqul valley. lt occupies
an area of 68% from the total terace area, and it was developed
just above the recent Wadi bed, with a height ranging between 3-
5m. This terace seemes to be in paired and is symmetric in all
cross - sections @Panorama. No. 3,5 & 6).

Most of recent terance mapped in the study cross - sections,
namely C, D, E and F is disappeared undemeath the recent bد salt
flows of Harrat Rahat at the souther side of Wadi Al Aqul
@Panorama. No. 4).

2. Fil- cu terraces :

These terraces are erosional ones. Howard (1959) proposed the
use of fill - strath for terraces underlain by ,a luviumل while, Mackin
(1937) has characterized an erosional terrace as a one with a layer
٥٢ <luvium of fairly uniform thickness deposited on an eroded
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surface which is essentially flat and parallel to the overlying
alluvium, all of which implies lateral planation. According to the
fomer definitions, the field survey indicates that, there is only one
erosional terace in which bedrock (mainly Tertiary basalt of Harrat
Rahat) is partially eposed and developed in some lOcations at the
southern side of Wadi Al Aqul (rig. No. 4, and cross - sections, A
& B). It is capped by a uniformly thin layer of coase angular
gravel and a luviumل @Panorama. No. 9).

FiIl strath terace in the study area extended more than 850 m,
and its height ranges between 10 -28 m above the present Wadi
bed. The tread of this terace has been fomed primarily by lateral
erosion, then the tenace material was deposited, lateral planation
practiced by Al Aqul stream is of a very low rate and is decreased
by volcanic rock resistance. Lateral erosioin occurs where a river
swings to one side, thus causing bank erosion (Small, 1989).

FiIl strath terrace had undergone sever dissection and trenching
by gully erosion in the stdy area. Ritter, Kochel and Miller (1995)
point out that, these types of teraces are related to climatically
controlled aggradation.

Finally and most important, the difference between
depositional and erosional terraces is that the scarp of an erosional
terrace is formed by lateral cutting, while that of a depositional
terrace is essentially due to the down cutting. Cotton (1948)
mentioned that fluvial terraces are cut, not built, by river
(Thornbury, 1954).

According to topographic relationship between terrace level,
two typs of teraces were distinguished :
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1. Paired terace (Matched or Poly -cyclie) :
Alluvial recent terrance was paired in all cross - sections

(Figures. No. 5 & 6) whereas, the upper surface of this terrace at
the same level on opposite sides of a valley, but differed in area
(Panorama. No. 4).

Morisawa (1985, p. 124) points out, uplift and climatic change
cause a new cycle of downcutting and then lateral planation to
remove part of the old floodplain material, leaving a terracE set.
Several such events may result in more incision and laterلa cuTing
to produce a multistoried valley reprsenting several erosion cycles.
Paired terraces represent a significant evidence that a river has cut
downward in an intermittent fashion @Bloom, 1982).
2. Unpaired teraces (nmatched ornon - eyclie):

Alluvial old teracE on opposite sides of Wadi A Aqulل and also
erosional one are asymmetric unpaired and can be distinguished
along a dissected belt of 3 km length (Fig. No. 4, and cross -
sections, A & B).

Unpaired terraces indicate a slower continuous environment
change, e. g. non - cyclic erosion. When cycles of aggradation and
incision occur repeatedly a cut - and fil terrace is fomed. Unpaired
terTaces like paired ones, may be represented by remnants of
alluvium or of the fomer valley flat cut into rck.
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Grain size analysis for the formations otraces
Under investigation

Grain size analysis is used to differentate betveen various
environments and facies as wel] as to predict the
paleoenvironmental conditions. It also may used ا in the
interpretation of the conditions prevailing duing depositional
processes @Middelton, 1976).

For Grain size analysis, three samples were collected. One
from old terrace sediments and the other two samples from recent
terrace and Wadi bed sediments. This system of smapling easily
permits comparison and shows a sort of relatioship between
tenaces and Wadi bed.

Cenerally, the terraces and Wadi bed fomations are composed
of gravel, sand and mud, whereas the gravel (> 2 m or <- 1G)
ratio ranged from 7796% (At the old terace) to 025% (At the
Wadi bed), with an average of 44.18%. In comparison, the ratio of
sand (2-1/16 mm or-1:40) ranges from 15.67% (Ar te recent
terrace) t٥ 9.74% (At the Wadi bed), with an average fه 1279%.
While the ratio of mud fractions (< 1/ 16 mm or> 4G) ranges from
90.01% (At the Wadi bed) to 9.07% (At the old terace); with an
average 0f 43.03% (Table. No. 2 and Fig. No. 7)

On the whole, the general results of grain size analysis indicate
that the old terrace fomations are particularly rich in gravel and
veTy coarse sand, while the recent tenace sediments are rich in
gravel and mud fractions. The Wadi bed sediments are rich in fine
sand and mud fractions. All sample sediments were subjected to
dry sieving (Plates. No. 7 & 8). In some locations, channel
materials range from coarse sand to very large cabbles and a few
boulders with medium diameters of 9.5 m or greater.
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Stafstcaparamelers ofgrain - size distibuion :
Results of grain size analysis were plotted on Phi -curves; then

nine percentiles were recorded graphically from curves for each
sample. PercEntiles are 05, 610, 016, 025, 650, 975, 684, 090,
and 095 (Fig. NO. 10). Four statistical parameters were calculated
from these percentiles using the fommulae of Folk and Ward (1957),
as follows :
1. The graphic mean size (Mz) = @16 + 950 + 984/3
2. The incluسsive graphic sorting (standard deviation dl) = ٧l6-

684 /4 +65- 695/6.6
3. The inclusive graphie skewness (Skl) = [016+ 084 - 2050/2

(616- 684)] + [65+ 695- 2650/2 (65 - @95))
4. The graphic kurosis (KG) = 05 - 095 /2.44 (025 - 675)

Also Griffiths's diagram (1967) was introduced to clarify the
relationship between the mean diameter (Md) and sorting PDG) to
elucidate the characteristics and the medium of transportation of
the sediments, i. e., traction, suspension, saltation, gravity, eolian,
.٠.٠ etc. These statisTical parameters were calculated from the
cumulative curves as follows :
1. Mediumn diameter (Md) = Md @50
2. Soring perennle deviation (PD) = 090 - 610/2

Accordingly, the stdy of statistical parameter values indicates
that :
1. The collected samples of two terraces and Wadi bed have mean

grain size values range between -4 250 (pebbles and gravels)
at the old terraces and 3.250 (very fine sand) at the Wadi bed
sediments, wit an average 0f - 0.76G (coarse matenials) (Table,
No. 3 and Fig. No. 8). Therefore, this result indicates that the
fommations of the old terrace and that of the recent one are
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particularly rich in coarse matenials (pebbles. gravel and coarse
sand) this probably suggests a similar or identical source, while
the Wadi bed sediments are rich in very fine sands. Clearly, the
mean size decreases gradually from the old terace down
through the recent one to the Wadi bed, where the very fine
sand and silt fraction are concentrated. It is expected to find
increasing proporions of finer materials in the down Wadi and
towards the direction of transport.

2. The sorting values of the analyzed teraces and Wadi bed
samples range bereen 0.66G (mnoderately well sorted) at the
Wadi bed, and 4.11G (extremely poorly sorted) at the recent
terace, with an average of 2.60G (very poorly sorted). This
result indicates that the fine sediments tend to better sorted than
coarser ones. Likewise, Folk (1974) suggested that, the main
factors controlling the sorting are : The size range of materiلa 
supplied to the environment, and the type of depositional
processes.:

3. Inclusive graphic skewness ranges between - 0.546 (strongly
coarse or negative skewed) at the Wadi bed sediments, and
0.926 (storngly fine or positive skewed) at the old terace
sample, with an average of 0.190 (slight skewed). The recent
terrace sample recorded 0.210 (fne or positive skewed). This
means that the terace fomations tend to be positively skewed
indicating that the fine admixture exceeds the coarse one.
(Duane, 1964 and Martins, 1965). The coarse materials
(Pebbles and gravel) constitute 77.96% and 54.33% of the old
terrace and recent one samples respectively (Fig. No. 8). These
anomalies fit well with the fluvial sediments.

4. Kurtosis values of the analyzed. teraces and Wadi bed samples
Iange between 0.46G (very platykurtic) at the recent terace and
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1.556 (very leptokuric) at the Wadi bed, wi a averageم of
1.606 (Mesokurtic). The old terace and Wad eا seiments
have nearly the same kurtosis values, as show in table. No. 3 &
Fig. No. 8. This lead to the conclusion that, kurtosis does not
provide any environmental differences. The differce berween
kurTosis values of the old terace and the recent oe may only
reflects a different degree of mean size and sorting.
Finally and most important, that the old terace formations are

coarser, poorly sorted, strongly positive skewed, and have higher
kurtosis value than tbe recent one. While the Wadi bed sediments
are of very fine sand, moderately well sorted, strongly coarse
skewed and have mesokurtic.

Applying the relationship between median diameter (MdG) and
the percentile deviation (PDG), as outlined by Griffiths (16967),
elucidates the characteristics and transportation media of the
sediments. Data presented in table (3) and illustrated in figure (10),
reveal that most terrace formnations are transported by traction
process. as MdG valued are -6.10G and - 2.256, while the PDG
values were 4.40G and 5.20G for the old terace and the recent one
respectively. The most sediments of Wadi bed are transported by
saltation and suspension processes as MdG = 4.000, while the
PDG value was 0.68G.

In conclusion, based on Fig. No. 10, the Terace and Wadi bed
formations are mainly fommed under fluvial environment which
weathered and eroded from igneous and volcanic rocks. Where
the water and weathering are the two mains factors responsible for
their formation.
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Aorphoneteric analysis of the terace gravels
To achieve this study, 300 pebbles and gravels were collected

from the two teraces. i. e.. 150 pebbles and gravel from each one.
As much as possible, basلa tic gravels were analyzed. Miller (1966)
pointed out that at least 300 pebbles with lengths of 2 -20 cm
should be used to achieve the best results in morphometric studies
of pebbles. The work of Nossin (1959) in the Pisuerga drainage
basin of the Canlabrian mountains of Spain has also noted that up
to 100 pebbles at each site (confining measurement where possible
to pebbles of the same lithology) can produce very infommative
results.

Cravel sites were carefuly selected with cuttings orquanies on
wd terraces. Krumbein and Pettijohn (1938) believe that thisإ 

% removes .up to 50% of samplingeror where the pebbles had been
shatterEd by weatheringprocesses ،after their deposition, they wereير 
noT included inthe count. For 'this matter, mixture gravels were

".excluded fron thE samples to achievethe best result and minimum
• eridr of sampiing. ٠

٣ ، ة

،Two dimensions were measured for each gravel : The longest
lest ."ر convexity (Dsل is (L). And ' diarteter ofsma.ق 

The results are showed in Table. No. 4, and also are illustrated
graphically in Figure. No. 11.

The gravel analysis has provided a very illuminating result,
which is discussed, blew:

() Roundncss ratio is 2 (DS)/L x 1000 (Couda, 1970). And also roundness
ratio=١١L
Where I= the InTemcdiate axis, and L = the longest axis (Glover, 1971 &
1975)
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(Table. No. 4) Roundness ratios of terrace gravels

Gnavel sهh pe

Well- rounded (800 - 1000)
Rounded (600 - 800)
Sub - rounded (400 - 600)
Sub - angular (200 - 400)
Angular (100 - 200)
The total

arerAge

 و

1.3·
77
41.4
49
1.3

1. Roundness ratio has revealed significant differences between
two terrace gravels. Whereas the general results of roundness
ratios of both terraces gravel are : Sub - angular (49%),
sub-roundness (41.4%), rounded (7.7%), well - rounded (1.3%)
and angular gravel (1.3%) consequently, indicating varied
energy conditions of deposiLion.

2. Most recent terrace gravels measured show higher roundness
than the old terrace gavels. Whereas, the ratio of well rounded
gravels (> 800) and rounded gravels (600 - 800) attained of
12% at the recent terrace, this ratio was not exceeded of 4.7% at
the old ohe gravels. This means that the recent terrace
sediments were deposited in climatic conditions charactenized
by heavy rains and strongly runoff, as compared to the
conditions in which the old terace was formed.

3. The ratio of sub - rounded (400 - 600) and sub- angular gravels
(200 - 400) reached 94% at the old terrace, while it reached
86.7% at the recent one. this means that, the weathering
processes had been active and effected the rcck disintegration,
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then the gravels have been rounded by hydrodynamic
transportation.

4. There is a relationship between the roundness and the gravel
size. However, the roundness values increase with the increase
of the gravel size at the old terrace. In contrast the roundness
values decrease with the increase of the gravels size at the
recent one.

5. Some of gravels especially basaltic gravels are not deposited by
the Al Aqul River (at the time of aggregation). These gravels
have a ratio of roundness less than 200, as compared to with
fluvial gravels overlying them, which reflects that the yalley
sides reة the source of these gravels.

6. There are significant differences in the gravel roundness ratio of
he terrace thEmselves. This may also be explained in tems ofل 
differences in energy conditions under which they were
deposited.

7. Visual. comparison for terrace gravels along the terace belt
indicates that the gravel roundness tends to increase towards the
[ower section of the Wadi. This confims earlier findings by a
tumber of fluvial geomorphologists that gravel roundness
increases with distance of transport in streams.

Summary andconclusions :
'The present study reveals that, the Wadi Al Aqul alluvial

teraces could be classified according to their age and level into
Twً' type : The lower terrace is recent in origin. It was developed
just above the Wadi floor, and extends paralleI to the Wadi coarse
on both northern and southern banks of the Al Agul valley. The
other tenace is older, higher and occurs as isolated remnants at the
northern side of Wadi Al Aqul valley, but it disappeared entirely
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undemeath basaltic flow of Harrat Rahat at the southem side of the
vلa ley.

Detemining terace origins is not easy. Although we postulate
guidelines for recognizing teraces of different origins, whereas, the
tenace origins and development asscciated with complex response.
According to the discussion of terace distribution, morphology and
grain size analysis are applied to their sediments. The study
emphasized that Wadi A] Aqul teraces are basically attributed to
changes in the climatic conditions during the recent geologicلa 
periods (Pleistocene and Recent), or they may be a reflection of
environmental ohanges of local base - level (Al Madinah basin), or
they may be a result of both reasons. Furthemore, terace sizes,
morphology and distribution conTrolled by another different factors
as follows :

1. The gradient and conplicated topography of Wadi coarse
due to the occurrence of high and low and also meander
configurations are controlled and affected.

2. Hardness and resistance of rccks are main factors affected in
decreasing of terace sizes.

3. The complex steam current regime created by the
complicated channel topography also played a leading role in
distribution of terace matenals.

4. The shape and density of the tenace materials reه affected.
Usually, the variety of sediment shapes causes variations of the
setting velocities for particles with the same intermediate
diameters.

Grain size analysis indicates that Wadi Al Aqul teraces are
mainly composed of pebbles, gravels and finer alluvium, while the
sand is rare. For this matter, Griffiths's diagram reveals that most
terrace sediments are transported by traction prCcess. Moreover, the
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old terrace forations are coaser, poorly sorted, slightly posItIvely
skewed and have higher kurtosis value than the recent one as the
statistical paramteres indicated. The differences in terace
fomations may be explained in ters of differences in energy
conditions under which they were deposited.
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