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Evaluation of the Design Characteristics of Natural - Historical Parks
Babylon Park Hill Area as an Application Model
Dr. Sada Nacif Jasim sarab Kareem AL —Bawi

Assist. Prof Researcher
Department of Horticulture and landscape Design, College of Agriculture, University of Baghdad

Abstract

Recently, the attention has been paid to the importance of gardens and urban parks as a necessary and
essential component in the development of the quality of urban life in the city. The evaluation of the
design characteristics of natural historical parks in various aspects is one of the most important
objectives that the designer of open spaces aspires for study them within the basis scheme of the city.
The study depend on the methodology of field study, observation and description within the limits of
the study, and the use of the camera to take photographs and video recording, in order to embodiment
the components and elements of the location in general, and the aerial maps of the location of the park
was used to sketch the locations accurately, and taking into account the relationship of the study area
with the adjacent areas. The process of evaluation Babylon park involved four main stages was (data
collection, location characteristics analysis, importance , identification and location integration). Also,
the park evaluation format was distributed to a sample of evaluators of academia and those with
experience in planning, design, plants and people responsible for the management and maintenance of
the park (who manage and maintain the various aspects of the park). After collecting the data from the
evaluators, the data was processed using the program "Microsoft Office Excel2010" to find the
duplicates and percentages for answers of evaluators, the results of the evaluation of the industrial
components were showed such as the main entrance of park, the main buildings, the network of roads,
and the pathways, as a suitable for the nature of the location, while the car parking was shown to be
inappropriate in terms of style, aesthetics and job performance. Concerning, the results of the
evaluation of the natural components, the effectiveness of nature control has been highest ratio,
followed by entertainment trips and the effectiveness of hiking and roaming, and finally the
establishment of concerts, and confirmed the results of the evaluation of the importance of the park and
for all the axes where it got the highest priority as a park combines the characteristics of natural and
historical Theorists. As for the vegetation, the trees were characterized by large varieties of species and
texture, and as for the shrubs was large variation to the average in terms of forms and texture. Babylon
Park is considered one of the most important natural-historical parks in the center of Hillah. It is more
important than other city parks because it is one of the city's strong historical and cultural attractions
due to its important historic events as well as its natural environment.

Keywords: Historic Nature Parks, Evaluation, Design Characteristics.
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*Research from the thesis of Master for the second Author

INTRODUCTION

Urban parks and green spaces are important in improving the quality of life of the city community
as these areas perform many important functions for the sustainability of urban life, such as the
environmental function of air and water purification, noise reduction, temperature reduction,
psychological comfort and recreational services. As well as it gives an opportunity for human to
contemplate the nature surrounding him (17) (7) (9). Urban parks and green spaces are important
because they are an essential part of urban heritage and infrastructure, as well as help social
interaction, encourage community development, and provide an external classroom for biologics and
environmental studies (2).

The historical landscape is a place associated with an historical activity, event or person, so it can
have historical value that stems from the total of human history, including traditional cultural values
(civilization of civilizations), which sometimes called cultural landscapes, also called heritage
landscapes, It includes natural resources such as vegetation, water, topographical characteristics of
the earth's surface and man-made monuments such as buildings, monuments which their area ranges
from small to the thousand acres, and can be the nearby adjacent to a building of historical
importance. (11)

The attention of urban planners and landscape designers has focused on the importance of parks that
combine landscape and urban heritage to develop them and raise their performance in accordance
with human needs, reflecting their design characteristics and their features, the interaction of man
with nature, and the good planning of these parks helps to diagnose the historically important
landscape to preserve the personality and integrity of the landscape, and they have focused on how to
make it suitable for the perception of the natural environment and sense by it. (11).

Babylon Park is one of these historic natural parks in the center of the city of Hillah, which is
adjacent to the ancient city of Babylon, which is one of the most important archaeological cities in
the ancient world and modern and became the title of the civilization of Mesopotamia located 5 km
north of the city of Hillah, the origin of the location is a village named Querish and their name is
related to Koresh al-Akhmini, who occupied the city of Babylon, and most of its inhabitants were
farmers. In the mid-1980s, the former government ordered the establishment of a presidential location
instead of the village. In 1989, the foundation stone was laid for the construction of the Presidential
Palace from the Department of Engineering Affairs of the Presidential Office. The last stage of the
work was completed in 1999. For the period 2003-2006, the location became under the control of the
occupation forces and then called the Babylon camp. All parts of the location, including
archaeological areas, were takeover, In 2006, the administration of the location has become the

property of the municipality of Babylon province - the Department of Tourism Facilities
2
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Management, the park opened its doors to the community of Babylon and tourists in 2008, the
importance of the Babylon Tourism Park is not only a green area located in Hillah but also one of the
city's strong attractions historically.

In order for such locations to be registered in the national register of the country and are eligible for
an integrated study, it is preferable that the location should not be less than 50 years old and
associated with events and persons of historical importance or that the location includes works of art,
It also follows a style and model of garden design representing the well-known Modular design
schools and design bases (16).
The National Parks Service "NPS" in the 1980s classified historic nature parks into four major type as
follows:
1- Historic Designed landscapes Parks
2- Historic Vernacular Landscape parks
3- Heritage Landscape parks
4- Historic Parks (10),(11),16).
Given the importance of the evaluation process in different projects, the researchers mentioned a number of
definitions of the evaluation process, each according to his own view, defined by (6) as the value of the object
for specific criteria, the objective of the evaluation is the objective judgment of the work evaluated by
analyzing the information Available and explained in light of the factors and circumstances that would affect
the work.

The process of evaluating the parks can be defined as the provision of planning and design of the park

according to scientific foundations and in a systematic manner that adopts accurate and objective criteria to

identify the strength and weakness points of the project and to ensure that the park achieves the objectives set

in the plan, the aim of the evaluation process:-

1- Establish the basis for new studies.

2- Helps to prepare better plans in the future.

3- Makes work more effective and effective.

4- Develop strength points and re-employ them in project development.

5- Review what has been achieved, identify the points of failure, identify the reasons and justifications behind
the failure to achieve the aims (15) (13) (14).

The process of evaluation of historic nature parks-designed include four main stages:

First: Obtain Information stage:

Including the collection of full information available on the location of the study in terms of the date of
creation and design of the location, and the use of the previous and current, and the former and current owners
of the location and the responsible authorities for planning, design and implementation, and adjacent to the

3
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location for easy access to it, any additions to the location or omitted from it, and its area, and field survey to
identify the details of the location (16) (2).

Second: Analyze Characteristic Features stage:

At this stage, the features and characteristics of the location are identified and are well represented as a natural-
historical park, the analysis includes structural and artificial components such as buildings, the methods of
construction, and the network of roads "Circulation” As well as the forms of water bodies and furniture
location, also analysis of the natural characteristics and features of the natural landscape of the region - the city
of Hillah (2)(20).

Third: Significance stage:

In such locations, the Significance stage of the historical-natural scene, in which the location is associated with
events, activities or persons of importance in the development of society's history in general, must be
identified. It may be related to the ages of old or modern history, or embodies artistic work in it, his incarnation
a particular architecture design system (18) and (19).

Fourth: Integrity:

Integration in such locations is the ability or possibility to show the importance of the location through the
integration of its properties and its distinctive components and their suitability to the current use such as the
topography, the vegetation (its characteristics and its distribution in various parts of the location), the parts of
the location, the architectural monuments, the network of roads and pathways and location furniture etc. (12)
(15)

Documenting the history of important natural - historical parks and important through scientific research and
field study is the most important step towards the protection and maintenance of such important locations,
which are usually extremely linked geographically to its element and components, as these landscapes face
many difficulties can lead to the death and degradation of natural elements such as vegetation and The water
component, and the consequent effects on the integration of landscape elements (11).

Therefore, the elements of the evaluation of the Babylon Park are summarized as follows:

1- The value of Babylon Park - an urban park that combines the historical and cultural locations of Babylon
(Mesopotamia civilization) and the natural landscape of Hillah city (Shatt al-Hillah, orchards and the local
environment).

2- The tools used to evaluate the characteristics of the park differ according to the paragraph to be evaluated.
When evaluating the artificial components of the park, the tools were (design style, material of
manufacture, appropriate with the nature of the location, function, aesthetics), The evaluation of activities
is only relevant to the nature of the location (natural - historical), The natural characteristics of the park (its
name, location, function), the vegetation evaluated through variation in (types, shapes, colors, texture,
sounds, fragrance and smell, function).

3- The reality of the project consists of artificial components, activities, natural features and vegetation.

4- Interpretation of the evaluation of the reality of the park and lay solutions, treatments and proposals.
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Materials and Methods
Evaluation of Babylon Park — field study
The evaluation of the design characteristics of natural-historical parks depends on the understanding of the

visual and aesthetic characteristics of the natural and landscaping components of the park "Soft landscaping"
and artificial "Hardscape landscaping”, depending on the design, materials, functions and suitability of the
nature of the location and the distribution of these elements within the structure of the park and its relationship
with each other, from structures , spaces ,texture and colors (3). Babylon Park was chosen to be a model for the
development of parks in the city of Hillah and to take advantage of the landscape of the land and the historical
scene in the city, the methodology of the field study, observation and description was adopted within the limits
of the study, and the use of the camera to take photographs and video recording, in order to embodiment the
elements and components of the location in general. The aerial maps of the park location were used to
accurately drop the locations, and taking into consideration the relationship of the study area with the adjacent
areas.
The park evaluation form was distributed to a sample of evaluators, including academics, experts in planning,
design, plants, and persons responsible for the management and maintenance of the park (who manage and
maintain the various aspects of the park). The field study lasted from 6/3/2013 to 30/8/2015,it was indicated to
that the evaluation of natural-historical parks includes four main stages, which will be reviewed in the same
sequence as mentioned before.

The first stage: Collection of information, including all related to the previous and current use of the park, as

follows:

1- Location and Area- Babylon Park is located in the city of Hillah (Babylon province), adjacent to the
ancient city of Babylon, about 5 km north of Hillah city, the total area of the park is 120 acres.

2- Accessibility - The Park is located about 5 km away from the center of Hillah. Most of the visitors are
using their own cars, some by taxi, and the time it take to arrive is less than thirty minutes "people of Hillah
city".

3- The Car Parking: It was revealed through the field survey that the park has only one parking position near t
to the main entrance of the park" Al-Jumjama", it is an area outside the park’s area of 4 acres that was used
as a car Parking.

4- Preparation of the master plan map for the study area™ Babylon Park" is the first step in any planning or
design project, since the researcher has not been able to obtain any schematics or documents related to the
study area of the "Babylon Park" its current or previous, the researcher resorted to the preparation of a
basic map of the location based on aerial photographs of the location, by using Google earth according to
the following steps:

1- The aerial image of the park location and adjacent areas by the 2015 Google Earth program, have been
adopted.
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Image of the park location and its surroundings was taken by laptop, a screen shot of the aerial image, the
number of "screenshots™ images has reached 85 images.

After printing the captured image, it is pasted together so that the seam is accurate between the picture and
from all sides, and the general re-checking of both the affixed images and the approved aerial image. After
the completion of the collection of all the pictures, a single image representing the entire location was
reached with dimensions of 1.5 x 98 cm.

The last image was dragged on paper using the optical scanner device (Canon IPF750 )

The drawn image was re-checked with the aerial image of the study location and its surroundings.
Amendments were made to the paper chart and in line with the reality of the park (field survey), such as
the modification of the military location s of the occupation forces (caravans) and was deleted from the
map using water colors.

The paper chart was converted to a location map using the AutoCAD program, which included processing
and adjusting the 1/2000 scale and directions.

Re-checking the parts of the location as a reality with the map of the AutoCAD and then printing on paper.
The importance of these steps is to help planners, designers, decision-makers, researchers, and all map
users to have obtain to a basic map of the Babylon park, and the possibility to add, update and modify
easily on it , Fig (1) and (2).

Figure 1. Location map and it's nearby
Source "researcher"
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Figure 2: Location Map and nearby "AutoCad"
Source "researcher”

The second stage: Analysis of the properties and characteristics of the location
First: Synthetic components

1- Entrance: The Park includes three entrances, the first of the south - west of the Al-
Jumjama village "entrance of Al-Jumjuma™ built in 2008, and the main entrance to the
Babylon Park.

2- Roads and pathways - The road planning pattern is an organic-natural pattern, which is
based on attaching and connecting between the main roads and sub-roads, and achieve the
communication between them, and their smoothness of visual from the optical side. The
main roads are clad with asphalt and sub-roads which leading to the park is not paved.

3- Soil of Location - The soil texture was generally silty loam, while the soil of hill location
was Clay Loam. The soil pH of the locations samples was approximately 7.4 and 7.7
respectively, table (1).
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Table (1) shows some of the chemical and physical
properties of the soil of the park which were analyzed in
the laboratories of the college of Agriculture / Soil
Department - University of Baghdad
Samples Garden soil Mountain soil
Analyzes
texture Silty Loam Clay Loam
EC ds/m 2.5 3.1
PH 7.4 7.7
o.M 0.3 0.5
Caco3 % 21.3 12.2
So4 Mg/l 304 24.4
Ca*?g 20.0 38.0
M*2g 44.0 58.0
Na ppm 978.0 1518.0
N ppm 20 30
P ppm 26.0 25.0
K ppm 117.5 192.2
Nos ppm 13.10 14.10
Hcos Mg/l 2.0 2.5
Cl Mg/l 105.0 50.0
clay 28.9 22.1
Silt 51.9 52.5
sand 20.1 254

4- lIrrigation system: The park uses more than one method of irrigation, including spraying,
drip, as well as flood Irrigation, which is the prevailing system. The main source of
irrigation is Shatt al-Hillah, which raises water through electric pumps and diesel through
steel pipe diameter 5 inch, for the purpose of distributing water and irrigating parks and
green spaces of the park, table (2).
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Table (2) the chemical analysis of the water used in the irrigation of the park, which was analyzed in the

laboratory of the Agriculture department of Babylon 30/7/2014

NO. Analyzes
E.C. | PH | Clme/l | SO4 | Mg? | Ca*? | Na K P NO3 | HCO3
ds.m me/l | Me/l | Me/l | Ppm | ppm | ppm | Ppm ppm
samples
1 River water 056 | 7.6 2.3 163 | 20 20 | 1489 | 104 | 04 2.54 1.2
2
Water Tank | 0.48 | 8.0 2.7 4.0 2.4 3.0 | 1537 | 7.7 0.4 4.20 1.3
3
Water Drip 0.48 | 8.0 3.0 5.0 4.0 20 | 1510 | 7.8 0.4 3.60 1.0

10-

11-

12-

Attraction points and interest: One of the main attraction points of Babylon Park is the
location of the hill and the palace above, so it is a major attraction for visitors to the park.
special buildings: The Babylon park includes many distinctive buildings such as the guest
house and the palace of Ahmed Sousse, which is described as the memory of the location
and represents the part connecting between the past, present and future.

The summer theater: It is used for many activities such as local music shows on holidays
and events, it is accommodated about 100 people.

Restaurant: The park has one restaurant in the western part of the park overlooking the
banks of the Shatt al-Hillah, which has an indoor hall where weddings and Graduation
Parties are held.

Al-Tofaha casino: The park contains one casino called Al-tofaha Casino, which Includes
Waterfall in its design, and their water source from the river bank connected to a water
channel ending in a water basin, used by visitors to enjoy due to being the only water
element in the park.

Lighting elements: High light poles are regularly distributed on the main street sides of the
park, and lower light poles with colorful lamps spread out on the sides of the gardens.
Waste containers: Plastic waste containers are spread over most of the parts of the Babylon
tourist park.

Guideline signs: There is a clear lack of this aspect in the Babylon tourist park.
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13- Display screens: Several green spaces in the park over which several display screens are
distributed, showing some scenes of the civilization of Babylon and the different aspects of
the park.

14- Service facilities availability in Babylon park very little.

15- Seating- There is few of them are on the side of the road in the tourist park of Babylon,
made of concrete and some are equipped with a wooden seat.

16- Plant containers are located in the park, only a few, they are located near the palace of
Ahmed Sousse and the small guest house, made of cement as well as painted in different
colors.

17- Sculpture- there are two Sculptures near the administrative buildings.

18- - Kiosk - Babylon Park has a medium-sized kiosk and a small for food and beverage, and
there are three kiosk for ticket stalls to enter the marina.

Second: Activities of the location: Among the activities offered by the park are the establishment
of scientific conferences, book fairs, Babylon International Investment Fair, graduation ceremonies
and weddings "closed halls™ or outdoors, as well as hiking, roaming, nature observation, the
summer theater, and marina.
Third: Characteristics and natural features of the location: The characteristics and characteristics
of the landscape of the city of Hillah, such as the presence of domestic birds, breeding animals,
natural plants, and natural water sources.
Third stage: Significance:
Significance is the association of the location with events and people of importance in the
development of the history of society in general (10).
Fourth stage: Integrity:
The specific features of the natural-historical park design vary in terms of location furniture,
structural components, roads and pathways, integration of location areas with each other,
vegetation characteristics and distribution in different parts of the location, (16). Integration in
such parks is divided into:-
1- The boundaries and adjacent of the location- as in the first stage.
2- Synthetic components- as in the second stage.
3- Road and pathway system - as in the second stage.
4- Location activities - as in the second stage.
5- Evaluation of the vegetation - as in the fourth stage
The natural components "plants” are used by the landscape designer parks as elements to
achieve aesthetics and feeling with sensual pleasure through the seasonal changes of plants and
their growth over time, their types, shapes, textures and colors "vegetative and flowering", their
smells, and their sounds which generate during wind movement of the location (1).

10
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Evaluation method:

The evaluation is important because it can be used as a tool to explore the design
characteristics of the various aspects of the study location, so that, the researcher has prepared
the assessment of the Babylon tourist park to understand and identifies the characteristics,
properties and disadvantages of the location based on the information available about the
structure of the park, such as landscape elements "vegetation and water", architectural elements
"buildings, palace, guest house, etc." and artificial components. The sample of evaluators was
selected by choosing ten different persons view of several bases, the most important of which
is the availability of expertise in their field and their occupation of jobs related to the study
axis.

The evaluators have been provided with a DVD that includes 2D maps of the location map
prepared by the researcher for the 2007 Google Earth program, Google Earth images and video
illustrations for the purpose of displaying images and movies, and a word file with tables
Evaluation of the reality of the Babylon Park as follows:

1-

Table of the artificial components evaluating in the park is determined by five axes,design
style, material, suitability to the nature of the location, its function and its beauty. The
answer to the question is whether the components maintain the nature of the location
design as a "natural-historical™ scene, table (3).

The table the activities evaluation of the park, determines the evaluator on a graduated
scale (yes, no, to a certain extent) on the question of "the relevance of events with the
nature of the location”, table (4).

The table of evaluation of natural characteristic of the park is determined by four axes
(multiple types, multiple location, multiple functions, and sense of location). The evaluator
is determined the answer by a binary scale (yes, no), table (5).

Evaluation of the significance of the park, through the answer by a binary scale (yes, no) on
the axes related to the importance of the location as it relates to events or people, date or
design system, or works of technical value in addition to the use of local materials and
native manpower in the design and implementation of the location, table ( 6).

Vegetation evaluation table, through the use of four weighting Scales (3 big, 2 middle, 1
weak, 0 not found) on seven axes of (variation in species, shapes, colors, texture,
smoothness, sounds, smells, perfumes, and functions) for planted plants (trees and shrubs
Climbers, flowering plants, grass plants, lawns, cactuses, and succulents).

11
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* After collecting information from residents, the data was analyzed using the "Microsoft Office
Excel 2010" program to find duplicates and percentages of evaluters answers.

Results and Discussion:-

First: Evaluation of the artificial components in the Babylon tourist park:

* Car parking - It is clear from Table (3) that the evaluation of the only car parking in the Babylon
tourist park near the entrance of Al-Jumjama, is not proportional to the nature and need of the
location in terms of design style, construction material and aesthetic, in addition to the lack of
functioning properly as it is insufficient to accommodate the visitors' cars during the high visit for
the park.

* The main entrance to the park entrance of ""Al-Jumjuma "It is clear from the evaluation axes
used that the main entrance to the Babylon tourist park has achieved good results for all axes.

* Buildings - The results of the evaluation of the main buildings (the presidential palace, the palace
of Ahmed Sousse and the Palace of Hospitality) reflected featured results in terms of maintaining
the authenticity and character of the park design through its design and construction material , as
for the other buildings allocated for weddings and events, the style of design was not suited to the
nature of the location due to they were being the service buildings in the original for private
protections, and reflected on the beauty, except it has led to certain functions.

e As for the summer theater, the results of Table (3) showed that it is of a design and
aesthetic style suitable for the nature of the location, while the material of construction,
suitability and performance of the job has obtained better results, as confirmed by the
observation of the park during the holidays.

e It was found that the health center in Babylon Park is not suitable for the location and for
all the evaluation axes, so it is proposed to cancel it and use one of the wedding halls as a
health center suitable for the location.

e The restaurants and food shops in the parks constitute the largest part of the food service.
The evaluation found that the restaurant in Babylon tourist park has a design and aesthetic
style of 60%. As for its suitability to the nature of the location and the construction material
as well as the performance of its function to the visitors of the park has reached 70% of the
evaluators.

e As for the road and pathway network, the results showed that 70% of the respondents
supported that the design method is appropriate for the nature of the park, as well as with
the rest of the evaluation axes. except for its aesthetics, it received an evaluation of 50% of
the total evaluators.

e As for the furniture of the location, the results showed in table (4) that it does not perform
its functions and its visual and aesthetic effect expected due to not distributed them

12



Dr. Sada Nacif Jasim sarab Kareem AL —Bawi

thoughtfully and consistent manner, and that it does not belong to a design suitable with the
style, of the architectural model and other furniture elements, In addition, the elements of
the existing furniture are not sufficient for the park, in addition to the fact that all the
elements of the are not designed suitable to the place, because the place was not designed
initially as a park.

13
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Table (3) Evaluation of structural components in the location

Have these components maintained the originality and trait of the location design ""natural — historical*

Artificial Roads | Sculptur | Al- Health | Sum | Murdo | Wed | Guest | Ahme | Preside | Entran car
components e tofah | Restau | Center | mer ch Hall | ding | house d ntial ce parkin
a rant Theat Suit Souss | Palace g
Casin er e e
0 Palac
e
no |Yes |[no |yes |[no |ye |no |Yes [no |yes|No |yes|no |yes|n |yes|no |yes|no |yes(no |yes |no |yes [no |yes
Style design

Material made
thereof

suitability to the
nature of the
location

Function

Aesthetics

14
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Table (4) Evaluation of structural components in the location

Have these components maintained the originality and trait of the location design ""natural — historical™

Guidelin | Lighting | display | Seating Waste Plant Booths

i . esigns | elements | screens places | containers Tubs

The furniture of location Yo

S no |yes| no |yes| no |[yes| no |yes| no |yes| no |yes| no
Design style 2 8 | 2|8 ] 5|5 1 9 | 4 6 3 7 2 8
Material made 2 8 | 3 7 6 | 4 3 7 7 3 5 5 2 8
suitability to location 3 712 |8 |6 |42 8 5 5 3 5 3 7
Function 6 4 | 3|7 |6 |43 7 8 2 7 3 2 8
Aesthetics 2 8 11955 2 8 4 6 4 6 0 | 10

Second: Evaluation of the activities of Babylon Park

The results of the Table (5) shows the evaluation of the activities in the Babylon tourist park, we
find that the establishment of conferences in the guest house and the palace of Ahmed Sousse did
not find its effect when residents because it’s not suited to the nature of services provided to
visitors, but limited to a particular category and special times, but 40% of residents’ answer support
the nature of these activities. While the establishment of book fairs has received equal proportions
between those who confirm it continuation and to some extent, While the rest of the activities
(recreational trips to educational institutions and the rest of the community, hiking and roaming,
and marina), it got an evaluation 80% as being compatible with the nature of the location, while
the effectiveness of the establishment of graduation ceremonies for university students, weddings
and the effectiveness of the open theater got an evaluation of 60%, The highest evaluation ratio
was in favor for the nature observation activities. This is due to the beautiful landscape represented
by Hillah beach "Hillah River" and plants that represent the local natural environment.
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Table (5) Evaluation of activities in the Babylon park
suitability to the nature of the location "natural
Activities historical"
yes no To some extent
Conferences (the first medical
education conference of the
provinces of Babylon and Karbala,
. . . 4 6 0
the first quality conference in
higher education in the guest house
of large and small)
fairs (book fair in the palace of
Ahmed Sousse, Babylon
. . . 4 2 4
International fair for Investment in
Murdoch Hall)
Graduation Parties and Wedding 6 3 ]
(Halls & Gardens)
Leisure trips to educational
institutions and the rest of the 8 1 1
community
Nature observation 10 0 0
Picnic and roaming 8 0 2
Theatre 6 2 2
Marina 8 0 2

Third - Evaluation of the natural characteristics of the Babylon Park

The results showed that the evaluation results were compatible with the multiplicity of natural
scenes (orchards, palm trees, fruit, citrus, vegetable crops), and its multiple environmental
functions and aesthetic and the sense of belonging to the place and in high rates, as well as for
local birds (sparrows and bulbul) in the park, which reflects the sense of the local environment of
the location, their voices movement and dynamics, and the types of insects and bees and other
insects in our local environment, which confirms the natural landscape of the location, as shown in
the table (6).
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Table (6) Evaluation of natural characteristics

Natural Natural Local birds Insects Breeding Natural
characteristics scenery animals plants,
represent the

environment
of the region

Yes no yes no yes no yes no | yes no

Multiple 10 0 8 2 9 1 3 7 9 1
types

Multiple 9 1 7 3 8 2 8 2 8 2
location
Multiple 8 2 6 4 7 3 3 7 7 3
function
sense of 10 0 8 2 8 2 4 6 8 2
location

Fourth - Evaluating the Significance of the Babylon Park

In view of the historical importance of the location of the Babylon Park as a result of its
association with important historical events in the Babylonian civilization, and the people who
influenced them in the development of the history of Irag and the world such as (Nebuchadnezzar,
Hammurabi), table (7) showed, the evaluation of the first three axes has achieved of 100%, which
confirms the importance of this location as a historical scene, and 90% of the evaluators confirmed
the location embodies a distinctive architectural design (represented by the entrance to the main
park and the presidential palace), In addition to the archeological area (Nebuchadnezzar Palace,
Babylonian theater, etc.). The same percentage was achieved with regard to the location’s inclusion
of distinguished works of art (artistic works in the palace of Ahmed Sousse and the presidential
palace). The design and implementation is local Iragi (with the exception of some Moroccan works
- Moroccan workers). In addition, the materials used in the construction are local, represented by
the natural stone from Al-Hagar Valley in Mosul and the brick produced from local factories.
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Table (7) Evaluate the significance of the location

evaluation Total
The location was linked to important events that have an yes 10
impact in the history of the country 0
no
The location was linked to the lives of people who are yes 10
| important in the history and development of the country 0 ‘
no
The location was associated with ancient history or yes 10
modern history 0
no
The embodiment of the location for a specific style or yes 9
| design system (architecture and landscaper design). 1 ‘
no
The location includes works of art with a feature value yes 9
of the location 1
no
Materials used in the construction of synthetic location yes 9
components (local) 1
no
Workers that planned, designed and implemented the yes 10
location (local) 0
no

Fifth - Evaluation of the vegetation in the Babylon Park

The data from the Vegetation evaluation Table, after being filled out by the evaluators, was
extracted manually using weights table (8) the answers of evaluators to vegetation cover", a table
was prepared with the program "Microsoft Excel 2010" to the evaluation of vegetation as shown
in table (9). It is clear from the evaluation axes used to evaluates the vegetation of the Babylon
park, the table shows that the trees were characterized by a wide diversity in terms of cultivated
species and their variegated texture, as for shapes of the trees, their variance was medium and the
same evaluation for their functions, while the contrast of colors sounds and smells received a poor
evaluation. As for the shrubs, their evaluation in terms of variability of the cultivated species was
average, and the shapes and textures differed from large to moderately average, while the variation
of colors, odors, perfumes and functions was weak. The evaluation of the types of climbing plants
in the park does not exceed weak to medium in terms of shapes, textures, smells and perfumes, but
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the voices do not exist any variance at all. Herbaceous plant received an average rating due to
variability of species, shapes and colors, while textures, fragrances and perfumes were poorly
evaluated. The cultivated lawns plants are the same used in most gardens and parks, so their
evaluation in terms of variance of cultivated species was moderate. As for variance of shapes,
colors, smells and perfumes was a weak. It is clear from the same table that Cactus and Succulent
plants have a poor evaluation in terms of cultivated varieties, shapes, colors and textures. There is
no variation in the odors and perfumes, but its evaluation in terms of job performance was average.
All vegetation evaluation axes indicated that there is no variance of the flowering bulbs and for all
the axes, because there is no, except one type only

From it, namely the narcissus bulbs.

Table (8) Evaluators Answers of Vegetation

Evaluat
ors
Typ
Xes
Varianc
e types
Varianc
e shapes
Varianc
e of 12po03p1pRRpoBdprIRpEORIIILMLOR21122111021111
colors
Varianc
e of ppopaRzppopppRropRE3zEO0I2A33[100R2]1
textures
Varianc
e of opro0opoo001100000OO1O0OOOO0OITI1T00OOT1(10/00]0
sounds
Varianc
e of i13popopoppRproppoo01Io01Q00T1ILOI0013(1010]0
odors
Varianc
e of

First Second third Fouth Fifth

ABCPEFJABLCDPDEFUABCPEFUAB

)
|

EFJABCDEFJ
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function

s
Evaluato . . .

rs Sixth Seventh Eighth Ninth Tenth
varianc | s b ok b isehiosilioekibeipliekibrph
e types
varane | sl hilok ik lokihkeiokh ikt
e shapes
Varianc

e of 2210 RIORIARRIORAAIRIORZAIIARTI0OR21N1
colors
Varianc

e of 2B3ppopppBRLoRIBRIOIRAIBRAIOIRABEI0I2]1
textures
Varianc

e of oggpo0001p10000OITAOOO0O0OO0LTLOO0OO0O1IL0000P
sounds
Varianc

e of i12po0p001R2pO0m100120110100121101 00121011010
odors
Varianc

eof 12p0ppo0oR3@poO0po0R22A01O01T1TB31010122111011(011
function

S

(Lawns: F) (Herbaceous: E) (Flowering bulbs: D) (Climbers: C)Shrubs : B) (Tree: A)

(Succulents & Cactus: J)
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Table (9) Evaluation of vegetation

Plant Types
variance axes weights | Trees | Shru | Herbaceous | Climbing's | Flowering | lawns | Cactus &
b bulbs Succulent
Variance of cultivated 7 0 3 0 0 0 0
types
Variance of shapes big 4 5 1 0 0 0 0
Variance of colors 0 0 2 0 0 0 0
Variance of textures 9 5 0 0 0 0 0
Variance of sounds 0 0 0 0 0 0 0
Variance of smell and 0 2 0 0 0 0 0
perfumes
Variance of function 1 3 0 0 0 0
Variance of cultivated 3 10 7 0 0 10
types
Variance of shapes 6 4 9 4 0 0 0
Variance of colors 3 9 8 0 0 0 0
Variance of textures 0 4 0 0 0 9 0
Variance of sounds | mediu 0 1 0 0 0 0 0
Variance of smell and m 0 7 0 0 0 0 0
perfumes
Variance of function 6 7 0 1 0 0 0
Variance of cultivated 0 0 0 10 0 0 10
types
Variance of shapes 0 0 0 5 0 10 10
Variance of colors 7 1 0 10 0 10 10
Variance of textures | weak 1 1 10 9 0 1 10
Variance of sounds 6 9 0 3 0 0 0
Variance of smell and 10 1 10 10 0 10 0
perfumes
Variance of function 0 0 0 9 0 2 6
Variance of cultivated 0 0 0 0 0 0 0
types
Variance of shapes 0 1 0 1 0 0 0
Variance of colors 0 0 0 0 0 0 0
Variance of textures non 0 0 0 1 0 0 0
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Variance of sounds 4 0 0 7 10

Variance of smell and 0 0 0 0 10
perfumes

Variance of function 3 0 0 0 4

Preparing Reality Plans and design proposals for the location of the hill and the palace

Due to the location of the hill in the Babylon park is one of the most prominent scenes interesting for
the visitors', as well as the palace which is considered one of the prominent architectural features
Which are together be a scene at the historical A scene of the ancient city of Babylon and the natural
landscape of the city of Hillah. Therefore, this location was chosen to study its reality and to prepare
the appropriate design proposals aimed at developing it to suit the importance of the location in general.

Description of the reality of the hill

The Iragi Mutasim Contracting Company was then commissioned to construct three artificial hills in
different areas of Babylon Governorate, the first is the village of the Al-Jumjama southern, the second
is in the village of Al-Jumjama northern and the latter is in the Querish Village formerly "Babylon Park
- Study site" currently, with an area of 20- 20 acres , it has a vertical height of 35 m and a slope height
of 90 m, its ground circumference is about 1000 m?, It is reached by a paved road its length of 655 m
and a width of 7-7 m ,the presidential palace was built on it , the hill is divided into ten pieces in form
of triangles and each piece is numbered 1,2,3.... it planted with different kinds of plants including
Albizzia trees, Clerodendron shrubs and Bougainvillea in addition to Palme trees ,olives and some
herbaceous plants , method of irrigation is drip irrigation., and there is a ladder to discharge the excess
water.

Describe the design proposal of the hill
Babylon Gardens is one of the Seven Wonders of the Ancient World. It is said to have been built in the
ancient city of Babylon during the rule of King Nebuchadnezzar I, many greek and roman historians
have written about it, some of its specifications were given, it is surrounded by reinforced wall, it has
terraces connected by stairs and filled with various ornamental plants, such as trees and flowers
(Alomary, 2013). The proposed design of the hill location tried to embody in its content the idea of
Hanging Gardens of Babylon, as described above by enclosing aspects of the streets of the hill with a
stone wall up to a height of half a meter and a width of 1 meter to be used to sit also, and adopt the
same division of the hill (the ten pieces), but it is divided by stairs to facilitate the rise of the visitor and
enjoy the view and at different altitudes, and surrounded the sides of the stairs with Fences plants
"myrtus”,asreinforced for the area of the pieces , it is considered to create simple pathways for easy
operation in the future, preferably cultivated by flowering climbing, which are also used as soil cover in
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a consistent manner in terms of date and color of flowering, a group of Bougainvillea, clerodendron ,
Jlantana and Carissa plants, as well as the utilization f the upper floor adjacent to the palace distributed
seating areas. The drawings prepared by the AutoCAD version 2014.APP (1).

References:

1.

Abbawi,R.F.N.2008.The Role of Fourth Dimension in Achieving Sensory Pleasure for the
Receiver in Landscape Architecture-Analytic Study for the Design Properties.(PhD). University of
Technology, Department of Architecture. Irag.

Abdel Hafeez, M. Badran, E. and Nassar,U.2010. Principles to Evalm at Historic Designal
Landsape of urban Parks. case study Al-Azhar park ports and Engineering Research journal, Cairo.
Abdul Hamid, A. S. and H. K.Al-faran. 2009. The importance of the design characteristics of the
visual and aesthetic elements "analytical study of the center of the city of Nablus,” Master Thesis
in Urban and Regional Planning, An-Najah National University. Palestine.

Al-Chalabi,S.K. and N.K. Al-hyat.2013. Ornamental Plants in Iraq. Store Bookshop University
of Baghdad.Iraq.p:416

Al-Janabi, T,M.2008.Public administration budgets.Zahran Store for Publushing.Amman.Jordan.
Allam, Salah al-Din Mahmoud .2003. Educational and psychological measurement and
evaluation (Asasyate and contemporary applications and orientations, Dar Faker Al-Arab. Cairo.
Algiei, T. M. 2007. Design and landscaping. The fifth edition, Knowledge facility for printing and
publishing, Alexandria - Arab Republic of Egypt, p. 263.

Al-Sultan,S.M., T.M.Al-Chalabi and M.D.Alsawaf.1992.0rnament.Bookshop Store for Printing
and Publishing.University of Mosul.Mosul.lraq.P:464.

9. Alomary,A.Y.2013.Hanging gardens of Babylon or hanging gardens of Ninewa "comparative study
of their landscape spatial characteristics. Al-Rafidian. EngineeringJournal.(22)2: 1-15.

9.

10.

11.

12.

Chiesura,A.2004.Therole of urban parks for the sustainabl city:Landscape and Urban Planning.
Department of Leisure,Tourism and Environment, Wageningen University Wageningen.
Netherlands 68:129-138.

Clement,D.1999.General Guidelines  for Identifying  and Evaluating Historic
Landscape.EnvironmentalProgram.California  Department of  Transportation, Sacramento
,California.US.

Doherty,J.M. K.R.Meier,L.Erics and M.Z.Steiriti. 2005. An Introduction
toHistoricLandscapePreservation.MassachusettsDepartmentof conservation and Recreation (DCR)
Executive office of Environmental Affairs. U.S.A.

Eckbo,G.2006. Urban Landscape design. Published by Mc Graw — Hill (TX)- U.S.A .

23



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

Dr. Sada Nacif Jasim sarab Kareem AL —Bawi

Ghoneim, O. M..2008. Planning the foundations and principles, T 4, Dar Al Safa for publication
and distribution . Ammaan Jordan.

Karkhi, M. 2009. Strategic planning showing theoretical and applied, Dar Almanahag for
publication and distribution. Ammaan Jordan.

Keller,Genevieve P.1993.The Inventory and Analysis of Historic Landscapes, Historic Landscape
Preservation.(7)3: 26-35.

Keller,J. T and G. Keller.2003. How to Evaluate and Nominate Designed Historic Landscapes.
National Register Bulletin 18, DC: National Park Service. Washington

Mahmoud M. K. 1993. Effect of green space on the maximum temperatures and Minor in the city
of Baghdad during the summer period. Journal of Agricultural Science .24 (1). Iraq.
McClelland,L.J., T.Keller,G.Keller and R.Z. Melnick.1990. Guidelines for Evaluating and
Documenting Rural Historic Landscapes.National Register Bulletin 30.Washington.DC:National
Park Service,Basic source for evaluating vernacular landscapes.

Melnick , Robert Z.1984. Cultural Landscapes: Rural Historic Districts in the National Park
System. Washington, DC: The original basic source on rural historic Landscopes.

Mohamad Roslan,M.K. and M.l.Nurashikin.2012.Public Parks Aesthetic VValue Index, Principal
Component Analysis - Multidisciplinary Applications. Universiti Putra Malaysia- Malaysia.212.

N R P A.1996.Park and Open Space classification. National Recreation and Park Association
Publication,New York — USA .

Shihara,Y.1970.Exterior design in Architecture,Nostrand Reinhold Company, New York. USA.
Tate,A.2004.Great City Parks. Routledge;first edition.New York. 344,

24



Dr. Sada Nacif Jasim sarab Kareem AL —Bawi

APP (1) Reality & Proposal Figures
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Pore-Lining and Grain-Coating Chlorites in Siliciclastic Reservoir Sandstones (Acacus

Formation, Ghadamis Basin, Libya), Nature and Implications For Their Origin
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ABSTRACT

The Acacus Formation is found in western Libya in the Murzuq and Ghadamis basins. It outcrops
in the southwest on the margins of the Murzug Basin and continues northward in sub crop into the
Ghadamis Basin. The formation thins towards, and is then absent over, the Qargaf Arch which separates
the two basins. These relationships reflect the tectonic history of the region and the development of the
major Paleozoic and Mesozoic sedimentary basins which dominate the structural and stratigraphical
framework of Libya,

Evaluation of core samples and composite well logs shows that the Acacus Formation in the
Ghadamis Basin can be subdivided into three members. The lower and upper members are sand
dominated whereas the middle member is mud dominated.

Textural and compositional analysis of the sands and muds of the studied formation demonstrate
that they are commonly very iron-rich. The framework silicate grains are dominantly with quart,
feldspar including k-feldspar. Muscovite is an important component in some sandstone levels forming
thin mica-rich laminae. Glauconite and detrital chamosite occur as replacement of mica and faecal
pellets. Chamosite is also present as the cortex of ooids which have been transported into the sands from
an adjacent ooid "factory'. These have been classed as inherited grains. Detrital siderite is also present.
Phosphate fragments of teeth, bone and scale tend to occur at the top of the iron-rich layers although
apatite is also present as rare grain-coating.

Chlorite has been found in the formation with the four lithofacies. They fall into three categories:
uncoated grains; coated grains or ooids and mica replacement grains. Features of these grains, suggests
that the final event in their history was as detrital particles although the genesis of the chlorite

component was authigenic.

INTRODUCTION:

The Ghadamis Basin was a major site of frontier exploratory activity during the late 1950s, 1960s,
and 1970s and the first significant oil in Libya was produced from Devonian sandstones reservoirs in

29



Eman AB. Moh Taktek; Abdussalam M Sghair and Narjes Masoud Omar

Wabha QOil Company, Tripoli, Libya

this region. Interest in the area, however, diminished rapidly with discovery of the prolific giant oil
fields in late Mesozoic and Tertiary deposits of the Sirte Basin which lies to the east in the north-
central part of Libya. Production from this basin has underpinned the Libyan economy for the last
thirty years. However, in recent years levelling off of significant finds in the Sirte Basin has seen a
necessary renewed exploratory interest in the western province to discover new resources and maintain
oil production as the country’s economic basis. This second exploration phase began during the
mid-late 1980s (Fig. 1) with the effort focused mainly on already known Devonian (Tahara, Aouinet,
Tadrart) and the Ordovician (Memouniat) reservoirs. More recently it has become clear that the
Acacus Formation contains both source and reservoir rocks and oil and gas shows are common.
Geochemical analyses have demonstrated that some of the Acacus and Silurian Tannezuft Shale’s
(which both underlie and are laterally equivalent to the sandstones) are good source rocks (Bishop,
1975). At least two major fields are capable of production from these sandstones at present and many
others wells with commercially significant flows of oil have been tested in recent years. Acacus-
Tannezuft reservoirs were tested in the C.P.T.L concessions 23 and 61, and concession 70 (northern
flank of Ghadamis Basin), where the Acacus proved to be oil bearing. During the last year, in
AGOCO concessions NC7 and NC5, the Acacus-Tannezuft reservoirs produced a large amount of
hydrocarbons. In the northwestern part of the Ghadamis, in BOCO concession NC100 the Acacus
reservoir showed good petroleum results from 14 wells drilled in the area from nine structures that are
oil bearing. These recent exploratory works carried out in widely different parts of the Ghadamis
Basin appear to confirm the regional potentiality of the Acacus-Tannezuft Formations as a major
petroleum source and they are thus being increasingly targeted.
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Figure 1. North-south cross-section showing Acacus Formation distribution along the Ghadamis Basin,

where the Acacus proved to be oil bearing, modified from Shah et al. (1993).

Geographical Location of the Study Area:

The Ghadamis Basin is one of a number of major sedimentary basins in Libya a country that
occupies the north central region of Africa between Egypt and the Sudan to the east, Tunisia and
Algeria to the west, with Niger and Chad situated directly to the south. The country covers about
1,800,00 square kilometers and extends about 1925 kilometers from east to west and 1,450 kilometers
from north to south. Except for the northernmost parts, which have a Mediterranean climate, the
country is substantially Saharan in aspect. The site of the Ghadamis Basin is located in the western
part of the country bordering directly on Algeria and southern Tunisia (Fig. 2). The area involved
covers a total surface area of 200,000 sqg. km.

" 1} u LEGED
» Tripoli
‘9\ - § ® Studiod Well
iz é‘ < INafusa Arch ‘s
1 & + A ¢ Dry Well
S 4 o
e SN2 T . ® || o OiWell § OilField
N T ache B IRG - E
: 3 ’ 1 » - "
" . “‘ g-'" QANI.: v \\\ )&‘, i ; \< Fault < Basin Boundary
g néua\“g)'
. NCl6z NCSAL e
Sh T b
I L 1 B D h
vap TN .F"‘..‘.'h_ " + axcun \[ 7
NCH > < Tl r [\ T
¥ " C R |:
= s KT =R [
. Neles® 'ﬁ?
N(‘I"m :' -z L) 2 3 - -';A -
* ’,
e ’ NCIm ‘ e
3 GHADAMIS
“"yeis| Gargaf Arch BASIN

Figure 2. Geographical location map of Ghadamis Basin, western Libya. Modified from
Clifford (1986).

AIMS OF THIS STUDY:

The aims of this study is to evaluate the mineralogical composition of the sandstones and
mudstones that make up the formation. Objectives include identification of the different detrital and
diagenetic minerals, determination of their compositions, their intergranular and intercrystalline
relationships and their relative abundances.
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METHODOLOGY:

Ninety-six samples from the recorded sections were chosen for XRD and SEM analyses. They were
selected from four major lithofacies; clean sandstone; bioturbated sandstone; iron-rich sandstone, and
mudstone.

The nature, morphology, crystallinity and composition of the chlorite mineral observed in the
sandstones and mudstones have been investigated using a variety of analytical methods. The
morphological descriptions are mostly based on observations made with the SEM. Qualitative and
quantitative data on their crystallinity and structure have been obtained using X-ray diffraction (XRD)
on the less than 2[(1m -size fraction. Their elemental compositions have been quantified with the SEM.
The clays were initially identified in thin section (Deer et al., 1992), and from X-ray diffractograms by

reference to Brown and Brindley (1980). Clay mineral types were further confirmed by DTA analysis.
DIAGENETIC SEQUENCE IN THE ACACUS FORMATION:

Diagenetic features relationships which form the basis of the diagenetic sequences, these in
turn form the basis of interpretation of diagenetic events that have affected the sediments.
Unravelling the sequence of diagenetic events in the Acacus sandstones is complicated by a need
to be aware what diagenetic features were produced following deposition of the sands are what
are inherited from elsewhere.

The subsurface sediments of the Acacus Formation in the Ghadamis Basin that have been
examined are entirely clastic. The mineralogy of the sandstones has been examined by several workers
(Klitzsch, 1969; Bellini and Massa, 1980; Echikh, 1985, 1998) but no data of any substance has been
published.

Microscopic examination shows that the sandstones are essentially composed of detrital grains of
monocrystalline and polycrystalline quartz together with minor amounts of feldspar, rock fragments,
mica, heavy minerals. Detrital chlorite and phosphate grains are also present. The authigenic mineral
component throughout is dominated by iron-rich chlorite (chamosite) grain coatings and cement.
Pyrite and siderite are also present and together with chlorite they display the importance of iron in the
depositional and diagenetic history of the formation. Some horizons contains as much as 35% iron
mineral. Clay minerals other than chlorite include both kaolinite and illite. Phosphate cement is
locally significant.

The following sections demonstrate that the clay minerals are both detrital and authigenic and form

the major component of the mudstones as well as a significant element of the sandstones where they
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are important at a number of levels. They are characteristically iron-rich and an appreciation of the
origin of such iron-rich sandstone facies is critical to a full understanding of the depositional
environments within the basin. An important factor in this is evaluation of the order and timing of
their formation, i.e. the authigenic mineral sequence.

Chlorite, illite, and kaolinite have all been found in the Acacus Formation associated with the

clean-sandstone, bioturbated sandstone, iron-rich sandstone and mudstone facies.

CLAY MINERALS - MORPHOLOGIES AND COMPOSITIONS:
Chlorite Mineral:
Morphology:
In the Acacus Formation chlorite occurs as detrital-grains, grain-coating, grain rimming pore-filling
and pore-lining-cements. All forms of the chlorite are pale green in color under transmitted light and

show grey-yellow birefringence colors in polarized light.

Chlorite Grains — Detrital:
Chlorite-rich grains fall into three categories: uncoated grains, coated grains or ooids and mica
replacement grains. Features of these suggests that the final event in their history was as detrital

particles although the genesis of the chlorite component was authigenic.

Uncoated Grains:

These consist mainly of structureless or randomly oriented clay that is confined to a pellet-shaped
rounded mass (Fig. 3A-B) that shows sharply defined grain boundaries and commonly contains silt-
size quartz grains. They display characteristics very similar to the glauconite grains in the sediment
and are comparable in size to the associated quartz grains. The general morphology and composition
of these grains is consistent with their being faecal pellets which were laterally completely chloritized,
but other origins also are possible such as inorganically produced mud clasts. The sharp boundaries
and equivalence in size with associated quartz grains suggests that they have undergone transport as

detrital grains.

Coated Grains:

The coated chlorite grains display a nucleus consisting either of chlorite (Fig 3C-F, 4A-B) or a
quartz grain (Fig 4C-D). In rare instances the nucleus consists of a cluster of two or three smaller
quartz grains that are themselves partially coated (Fig 4E-F). The grains are similar to the extensively
described clay ooids characteristic of iron formations (Odin and Sen Gupta, 1988). They are generally
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similar in size to the associated quartz grains. In some examples it is clear that the cortex is thickest
where there are embayment in the nucleus (Fig. 4C-D). In others the cortex maintains a more or less
even thickness (see Fig. 3E) or is thicker in the long axis plane of ellipse-shaped grains (Fig 4F). In
some samples, the detrital nuclei of quartz and feldspar grains are surrounded by very thin ooidal
coatings and all gradations can be observed from these thin concentric coatings up to bona fide ooids
where the coatings comprise 50% or more of the grain cross section. The nuclei of thinly coated grains
are generally larger than those with thick cortexes.

The ooidal grains make up only a small percentage of the sandstones (<10%) in which they occur.
This and absence of concentric coatings on associated quartz grains of equivalent size to the ooid
nuclei suggests strongly that the ooids are derived in origin and have been moved from their site of

formation.

Fig.3. BSEI- SEM image: A-C) Chlorite-rich pellets consisting mainly of structureless or

randomly oriented clay that is confined to a rounded mass with distinct grain boundaries, (A-B),
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(C). D-E-F) Chlorite-rich pellets commonly are surrounded by an outer sheath of concentrically
laminated clay similar to the ooids,

Replacement Mica Grains:

These grains are composed of expanded mica that has been replaced by chlorite. They are
commonly surrounded by an outer sheath of laminated clay coating or by pore-filling chlorite (Fig. 5A-
B). Microprobe analyses show that the chemical composition of the grains is similar to the
surrounding coatings and pore-filling chlorite. The grains differ morphologically from expanded
detrital micas associated with kaolinite in that the mica crystal is expanded uniformly throughout,
rather than being more expanded near the edges of the cleavage traces as is commonly the case with
kaolinite/muscovite associations. While the origin of these grains is a replacement authigenic process
the edges of the grain typically are rounded, indicating a degree of abrasion by transport after
expansion (Wilson, 1992). Like the ooliths they have probably been derived from an adjacent

depositional site. Chlorite is also observed replacing shell material (Fig. 5D-F).

Fig. 4. BSEI-SEM image: A-B) Expanded micas replaced by chamosite. These are
commonly surrounded by pore-filling chamosite or by an outer coating of chamosite. C) Late
stage pore-lining chlorite growing perpendicular to the substrate and lining the pores. D-F)
Authigenic chamosite infilled organism cavity surrounded by pore-filling chamosite (D-E-F)
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Authigenic Chlorite:
Chlorite Cement - Pore-lining:

This form of chlorite is very distinctive occurring as fine ‘spine-like’ crystals arranged
perpendicular to the detrital particles to form an isopachous rim of cement about 5-10 um thick that
occasionally fills the pore spaces. Scanning electron microscopy investigation reveals that the well-
developed crystal morphology (Fig. 5A-F), and their particular arrangement could hardly be of detrital
origin, but must have been authigenically formed by crystallization from pore solutions. The grain
coating chlorite typically shows slightly curved or crenulated plates, arranged in a cellular or

honeycomb pattern and is generally absent at grain contacts.

Fig. 5. SEI-SEM image: A-B) Quartz grains coated entirely by radially oriented chlorite. Note foot
prints marking surfaces of contact with adjacent grains. C-D) Detailed view of authigenic chlorite
rosettes composed of psedohexagonal flakes. E) Pore-lining chlorite beneath later quartz overgrowth.
Several chlorite platelets are partially engulfed by the overgrowth. F) Quartz grains coated by well-
developed authigenic pore-lining chlorite flakes. The quartz overgrowths can be seen enveloping plates

of chlorite and are later than the pore-lining chlorite.
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Chlorite Cement - Pore-Filling:

This form of chlorite usually consists of euhedral to subhedral crystal plates, typically 3-8um in
maximum dimension, arranged in haphazard face-to-edge card-house arrangement. Some pores are
totally occluded, whereas adjacent pores may remain largely empty (Fig. 6A-F). Sometimes the
cement forms fan-shaped clusters of crystals (rosettes) up to 5 um in diameter (Fig. 6B-C-D). The
cement develops from outgrowth of the isopachous grain rimming cement to occlude the pore-space
completely or partially (Figs. 6A). Pore-filling cement is also associated with infill of rare shell
material (see Fig. 5D-F). Here the shell material has subsequently been dissolved.

Fig. 7. BSEI-SEM image and microphotograph: A) Pore-filling chlorite. B) Early stage of pore-filling
chlorite. C) Pore-filling chlorite completely infilling pore space. D) Pale green pore-filling chlorite,
replaced by authigenic siderite. E-F) Chamosite with complex layered pattern in the pore space and
buckled probably due to compaction, (F) Detail view.
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Chlorite Mineralogy - XRD Analysis:

The chlorite is characterized by a basal reflection at 14A and a major peak at 7A. It can be seen
that on glycolation the peaks became more intense. ~ Slight contraction of the 14A basal spacing to

13.6A occurs after heating to 550°C. Other peaks disappeared except for the basal reflections, which
significantly reduced in intensity. These chlorites are characterized by relatively weak (001) (14-
14.05A) and 003 (4.73A) reflections and strong 002 (7.05A) and 004 (3.52A) reflections, which
indicate that they are iron-rich and they are identified as chamosite.

Curtis (1983) in his study on the Tuscaloosa Sandstones, reported that the behavior characteristic of
chamosite is that the 14.15A reflection of chlorite is unaffected by glycolation but contracts to 13.6A
on heating, and the 002 reflection virtually disappears. On the basis of XRD alone, the Acacus chlorite
thus has a typical chamosite structure. Whittle (1986) reported that the intensity ratio of the (001) and
(002) reflections of chlorites can be used to estimate the relative importance of Fe and Mg in the
octahedral sheet. Heavy cations, primarily Fe, accentuate the even-order basal reflections relative to
odd-order basal reflections. Mg-rich species therefore generally have ratios of (001):(002) of the order
of 5:10, whereas lower ratios suggest more Fe-rich compositions. The chlorites from the Acacus

Formation have an intensity ratio of 1.0:10.0 further supporting their interpretation as chamosite.

Variations in basal spacing (001) reflect the degree of Al for Si substitution in the tetrahedral sheet,

2+ in the octahedral sheet

whilst the (060) reflection gives a further indication of the amount of Fe
(Whittle, 1986).

Kaolinite and berthierine can create difficulties when present with chlorite. Whittle (1986) noted
that in an extreme case of a sedimentary chlorite with high Fe content, it is possible that the (001)
reflection may be so weak that the mineral could be misidentified as a 7A berthierine rather than 14A

chamosite.

Chemistry of the Chlorite:

Use of an EDS-microprobe allows the chemistry of the chlorites, in particular the relative amounts
of Fe, Mg and All, to be determined. There are limitations in these analyses. The principal drawback is
that the probe cannot separate ferrous from ferric iron. This is a problem with, for example: Recent
green clay pellets or berthierine, when it has to be assumed that all the iron present is ferrous, but in
reality appreciable amounts of ferric iron could be present (Odin, 1985). Another serious problem

results from the fine grain size of the authigenic chlorite and its common occurrence coating detrital
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grains; it is often difficult to direct the beam onto the clay plates without probing the host detrital grain
or other contaminants because the volume analyzed (the surface area, about 2 um diameter, and also
the depth of penetration into the sample of about 5 um) is often greater than the dimensions of
individual clay particles. Also there is possibility of minerals such as haematite or siderite becoming
attached to the clay plates and adversely affecting the measured Fe:Mg:Al ratio (Curtis et al., 1984).
Normal uncovered petrographic thin section coated by carbon were used for SEM examination of
the studied samples. Average of EDS-microprobe results for the chlorite are recalculated on the basis
of 20 oxygen and 16 hydroxyls. In all cases, oxide totals are less than the expected 85-88% for chlorite
with an O44(OH)g unit cell, a common problem for chlorite and mixed-layer chlorite minerals. Hillier

(1994) attributed low oxide totals obtained by microprobe analyses to microporosity between chlorite
grains.

The chemical data determined by microprobe analyses showed that all authigenic pore-lining
chlorite and pore-filling chlorites have a relatively restricted composition range (Table. 1).

Substitution of Al for Si in the tetrahedral sheet occurred to only a moderate degree, with Al
occupying 2.67 to 3.49, 2.80 to 3.38 and 2.92 to 4.64 in wells A1-26, C1-61, and B1-49, respectively,
of the 8 tetrahedral sheet (full-cell basis). Fe and Al where important octahedral cations together with
relatively small amounts of Mg.

All ratios of Fe/(Fe+Mg) were relatively high at 0.85-0.89, 0.78-0.91, and 0.86-0.90 in B1-49, Al-
26 and C1-61, respectively. The majority of the chlorites would be described as Al-rich, Mg-
chamosite according to AIPEA nomenclature (Bailey, 1980).

Table. 1. Chlorite composition estimated from EDS-microprobe analyses of the Acacus
Formation in the studied samples.

Well Structural formulae Fe/(Fe+Mg)
Al-26 (Fe7.45Al307MQ1.06)[(Sis.50Al2.50)O20] (OH)16 0.91
C1-61 (Fe7.43Al3.02MQ1.55)[(Sis.74Al2.26)O20] (OH) 16 0.91
B1-49 (Fes.24Al3.67MQ1.07)[(Sis.ssAl2.15)O20] (OH)16 0.89
Al-
NC40B
Al- (Fes.50Al3.38MQ1.30)[(Sis.75A12.25) O20] (OH)16 0.90

(Fes.90A13.19MQ1.10)[(Sis.82Al2.18) O20] (OH)16 0.89
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‘ NC118 ‘

All collected data were processed through to standard weight percent ratio and molecular formulae.
The data for each well were then plotted on triangular diagrams. On these the various elements were
plotted against each other to give scatter plots. Aluminium and magnesium are plotted against iron
shows a distinct trend developed towards the iron corner and the Al: Mg ratio appears to be very
constant.

The compositional range of the common trioctahedral chlorite can be usefully depicted in the
following paragraph.

Probe data for the Acacus chlorite are summarized on a Fe-Mg-Al triangular plot in Fig. 8. The
diagram also shows fields of the known compositional range of detrital metamorphic chlorite,
diagenetic chlorite and berthierine, taken from Velde (1985). It can be seen that most of the chlorite
falls within the field of metamorphic chlorite. The Acacus chlorite clearly plot as iron-rich chlorite

(chamosite).

Fe

COMPOSITIONAL FIELDS

G Ovlits origin mineral composition
Berthirine peloidal composition

Limits of chlorites from metamorphie cocks
—_—
where white mica preseat

Studied wells
® Al-N1
® Al-N2
® Al-2

® Bl-4
® Cl-6

Fig. 8.  Summary diagram of EDS-microprobe data presented on a total Fe-Mg-Al plot
for the chlorite from the Acacus Formation, fields taken from Velde, 1985.

Results are plotted on a Fe-Mg-Al and Si-Fe-Al triangular plots (in Mol% element) in Figure 9a-b,
taken from Curtis et al., (1985), Jahren and Aagaard (1989) respectively. It can be seen that most of
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the studied chlorite fall within the field of iron pole, indicating the Acacus chlorite clearly plot as iron-

rich chlorite (chamosite).

Al Si

Studied wells

® AL-NI
® AI-N2

® Al-2 .
® Bl4

® Cl6

Mg Fe Al Fe

Fig. 9. A, B) EDS-microprobe analyses of chlorite, plotted on the major-element
diagram (in Mol%). Compositional plot taken from (A) Curtis et al. (1985); (B)
Jahren & Aagaard (1989).

A different type of plot is shown in Figurel0, after Hayes (1970) and Curtis et al., (1985), where
values of tetrahedral Al (calculated as 8 minus Si) are plotted against the ratio of octahedral
Fe/(Fe+Mg). In this case a slight chemical difference between the grain coating and pore-filling
chlorites is apparent, with the former showing a tendency towards lower Fe/(Fe+Mg) ratios.
Anomalously high Si contents are indicated by some low values of tetrahedral Al. Average values
of the octahedral totals for the Acacus chlorites approximate to 11.00, considerably less than the
theoretical total of 12.00. Octahedral Al exceeds tetrahedral Al in many sedimentary chlorites

and will account for the departure from an ideal formula (Whittle, 1986).
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Octahedral Fe(Fe+Mg) tetrahedral

Al against octahedral Fe/(Fe+Mg) for the Acacus chlorite. Compositional fields
for metamorphic chlorite, chamosite and swelling chlorite are taken from Hayes
(1970) and Curtis et al. (1985).

Inherited Features:

Grains within a sand may contain diagenetic features that were formed in the source area
prior to transportation of the grains and thus have nothing to do with the diagenetic processes
that occur following deposition at their new site. The grains thus display features that are

inherited from an earlier phase of diagenesis at an earlier adjacent site.

It was noted that some chamosite grains within the sands are coated with chamosite while
most others are not and it was proposed that these are detrital particles. The coatings range
from:

(1) Full concentric zoned cortex giving typical ooids (Fig. 11A). The cortexes of these may be
chamosite or iron oxide.

(2) Partial coatings-possibly due to erosion of part of the cortex (Figs. 11B, C, and 15C)

(3) Partial coatings also occur in embayment in grains. Wilson (1992) describes similar clay coating
texture at the result of passage of the grains through the gut of marine organisms (Fig. 11D, E).

(4) A thin surface coating (Fig. 11F). This layer may completely coat a grain or only part of it.
The chamosite crystals as in the ooidal cortex layers are arranged tangential to the host grain.
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The parent grains are dominantly quartz with some feldspar, and rare detrital siderite and haematite,
rutile. Other grains are composite and comprised of several grains cemented by chamosite, the whole
being contained in a quartz overgrowth which in turn has a thin chamosite coating (Fig. 12A).

It is clear that the coated grains, both single and composite, have been derived from an adjacent
location where oolitic iron-rich sediments were being generated and they, together with non-coated
grains, make up the detrital component of the sands. This detrital component has then undergone

diagenesis on burial with development of a suite of diagenetic features.

Fig. 11. BSEI-SEM image and microphotographs: A) Quartz grain surrounded by a
concentric zoned chamosite cortex giving typical ooids. B) Partial coatings of quartz grain
by chamosite possibly due to erosion of part of the cortex of the chamosite. C) Enlarged
view. D-E) Ooliths in which grain coating infill embayment’s in grains. Note how the
coating is thickest over the embayed part of the grain (D) PPL, (E) XN. F) Quartz grains
show thin surface coatings. The chamosite crystals as in the ooidal cortex layers are arranged
tangential to the host grain. Note two inherited ooids and compaction of cortex.
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Diagenetic Features-Chronological Relationships:

As noted above there is a range of diagenetic minerals in the sandstones. Other diagenetic features
include grain dissolution and compaction. The most obvious diagenetic minerals phases are chamosite,
siderite and, locally, haematite cements and these serve as a good framework within which to evaluate

the order of events.

Chamosite:

The detrital component, i.e. grains with various forms of inherited clay textures together with non-
coated grains, is first cemented by a pore-lining chamosite cement which shows very well developed
crystal growth oriented edge-on to the host grain (Fig. 12B). This pore lining cement is succeeded in
some instances by more chamosite of similar crystal habit but randomly oriented which serves as a
pore-filling (Fig.12C). In some samples the pore-lining chlorite appears to develop from a grain coating
layer (see Fig.12B) suggesting that the framework gains were mobile in the initial stages of chlorite

formation.

Fig. 12. BSEI-SEM image: A) Pore-lining chamosite crystals growing perpendicular to the substrate

grains and lining the pores. Concentric pore space between the lining chlorite and the host grain may be
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due to dissolution of an earlier cement. B) Pore-lining chamosite showing very well developed crystal
growth oriented edge-on to the host grain. (A-B) C) Pore-lining chamosite which has developed pore-
filling cement. Note authigenic siderite that postdates chlorite. D) Authigenic siderite replacing pore-

filling chamosite. E) Pore-lining and filling chamosite replaced by siderite. Note ghosts of chamosite

within siderite. F) Poikilotopic siderite filling pore space. Note dissolution rims between grains and

pore lining cement.

Siderite: The pore-lining and pore-filling chlorite are succeeded by siderite which: (1) replaces the
chamosite. In some instances the siderite appears to nucleate around organ ic matter giving the rock a
spotted appearance (Fig.12D). Commonly the replaced mineral can be seen as a ghost form within the
siderite (Fig.12E). (2) Fills pore space as a poikilotopic cement, often replacing some of the pore-lining

chamosite (Fig. 12F, 13E). (3) Forms idiomorphic crystals within dissolution pore space (Fig. 13A).

Iron oxide: This is common in the reddened iron-rich beds (Fig. 16). It replaces chamosite and quartz
forming a poikilotopic cement (Fig. 13B) and it is clear that it commonly replaces siderite grains (Fig.
13C) and that the textural similarity results from this pseudomorphic relationship. Replacement of the

margins of chamosite ooliths and glauconite grains is common.

Quartz overgrowth: The common diagenetic sequence of chamosite cement followed by siderite, with
in some instances subsequent replacement by iron oxide, is complicated by the presence of quartz
overgrowth and kaolinite together with grain dissolution.

It can be seen in Figure 13D that where grain coating on an inherited coated grain was incomplete
syntaxial quartz overgrowth has taken place on the parts of the quartz grain surface that was exposed. A
further example is seen in figure 13E. The pore-lining chamosite is later than this quartz overgrowth.
The pore-lining chamosite in turn, however, is succeeded by a later quartz overgrowth which locally
engulfs the edge-on grains (Figs. 13F and 14A). It is proposed therefore that quartz overgrowth
developed in at least two stages - Q1 and Q2. Quartz overgrowth Q2 (and hence Q1) is, however,
clearly earlier than the poikilotopic siderite (Fig.14B) and also granular siderite which can be seen to
replace it (Fig. 14C).
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Kaolinite: Well-developed kaolinite occupies intergranular pore space where it is clearly post-dates the
pore-lining chamosite (Figs. 14D and 14E). It also occurs in grain dissolution cavities pre-poikilotopic
siderite (Fig. 14F and Fig. 15A). It can be seen in Figures 15B and Figure 11D that it is earlier than

siderite that replaced pore-filling chamosite.

Grain Dissolution: Remains of K-feldspar in grain dissolution cavities suggests that most of the grain
dissolution porosity in the sandstones is due to solution of this mineral (Fig. 15C). The presence of
kaolinite in many such cavities tends to support this view. It is also however, likely that in pores where
total dissolution has taken place, the grains that were removed may have been plagioclase feldspars.
More unusual is the partial dissolution of grains leaving a euhedral grain network of ilmenite/rutile.
This network is similar to the exsolution patterns found in ilmenite/titanomagnetite grains (Amini,
1997).

The Timing of Grain Dissolution:

Grain dissolution is certainly pre-siderite as shown by idiomorphic authigenic crystals of siderite in
pore cavities (Figs. 13A and 15E) and earlier than kaolinite which infill many of the dissolution pores.
It has already been noted that the kaolinite is earlier than siderite (Fig. 15B) where seen in intergranular
pore space. The relationship to quartz overgrowth is not entirely clear. Figure 15F shows an inherited
grain with a well-developed thin ooidal chamosite coating on a feldspar nucleus. The feldspar is partly
dissolved. A quartz overgrowth hosted on an adjacent quartz grain stops at what would appear to be the
original boundary of the dissolved feldspar grain. It appears to replace its original inherited chamosite
coat. This quartz displays a similar relationships to Q1 described above and it would appear that
dissolution was post Q1 otherwise the overgrowth might have continued into the pore space. In
contrast, siderite grows into the dissolution space.
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Fig. 13. BSEI-SEI-SEM image: A) Siderite forming idiomorphic crystals within dissolution pore
space of unstable detrital grains. B) Iron oxide forming a poikilotopic cement and replacing quartz
and pore-filling chamosite. C) Iron oxide replacing margins of quartz and glauconite grains. Here it
clearly pseudomorphs earlier siderite crystals. D) Quartz overgrowth on parts of quartz grain surface

not coated by chlorite.

Fig. 14. BSEI-SEI-SEM image and microphotographs: A) Late stage of quartz overgrowth
engulfs the edge-on quartz grain and enveloping plates of chamosite. B) Quartz overgrowth is
clearly earlier than poikilotopic siderite. C) Granular siderite replace quartz overgrowth. D)

Well-developed kaolinite postdates the pore-lining chamosite.
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Fig. 15. BSEI-SEM image: A) Kaolinite occurs in grain dissolution cavities post pore-lining chamosite
and earlier than siderite. B) Kaolinite is earlier than siderite that replacing pore-filling chamosite. C)

Grain dissolution of K feldspar. D) Euhedral grain network of ilmenite/rutile is due to grain dissolution.
E) Idiomorphic authigenic crystals of siderite in pore cavities. F) Inherited grain with a well-developed

thin ooidal chamosite coating on a feldspar nucleus.

In Figure 16A a quartz overgrowth that appears to be pre pore-lining chamosite stops at what would
appear to have been the original grain boundary, indicated by extent of kaolinite infill. This suggests
that quartz overgrowth was pre-dissolution and pre pore-lining chamosite as described above.
However, an alternative explanation is that dissolution of the ‘feldspar’ was post pore-lining chamosite.
This chamosite would have been absent at the original grain contact between quartz and feldspar.
Dissolution of the feldspar would have exposed the quartz at the grain contact allowing nucleation of a
quartz overgrowth on the quartz grain which was protected elsewhere by the pore-lining chamosite. It
is proposed therefore that dissolution was post development of pore-lining chamosite and that Q2 was

post dissolution and pre-, or coeval with, kaolinite precipitation.
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Pyrite: Framboidal pyrite is seen to postdate detrital illite (Fig.16B) and it appears to be closely
associated with organic matter. Its relationship to authigenic illite has not been seen. It appears to be
later than chlorite. In figure 16C pyrite framboids replace chamosite.

In contrast, in figure 16D framboids cluster around the margin of a grain dissolution pore are
enclosed in pore-filling kaolinite. Its relationship with quartz overgrowths is ambiguous - figure 16E
suggest that it is earlier but in figure 16C is appear to be later. The age relationship with siderite is not

seen as siderite appears to be absent where pyrite is present.

Fig. 16. BSEI-SEM image: A) Quartz overgrowth post dissolution of K feldspar and pre or
coeval with kaolinite cement. B) Framboidal pyrite postdate detrital illite. C) Framboidal
pyrite replaces chamosite. D) Framboids cluster pyrite around the margin of a grain
dissolution pore. E) Early stage of pyrite precipitation. F) Euhedral pyrite replaces both

overgrowths and quartz-grains.
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Apatite: Apatite mineralization displays a similar relationship to chamosite and quartz overgrowth to
that of siderite. It occurs as: Replacement of pore filling chamosite (Fig. 17A) with stubby idiomorphic
crystals that also grow in pore space. Figure 17B shows such crystals replacing pore filling chamosite
in a shell interior. The rest of the shell fill is a geopetal-like fill with fine chamosite and quartz 'mud’
and a clear coarse quartz cavity fill.

o Poikilotopic pore-filling cement (Fig. 17C).

e Grain coating (Fig. 17D)

Figure 17C shows that the poikilotopic cement is post quartz overgrowth. Figure 17B,
summarizes the overall relationships well. Here poikilotopic apatite fills a grain dissolution cavity. The
dissolution that formed the pore was post pore-lining chamosite. Quartz overgrowth was post
dissolution and the apatite cement encloses all the earlier phases.

Apatite overgrowth is rare but is seen as a thin layer coating a phosphate fragment (Fig. 17D). It can be
seen that this is pre chamosite pore fill. An unusual overgrowth occurrence is shown in Figure 17F.
Here a feldspar grain with a partial coating of chamosite is overgrown by a thin layer of apatite. The
layer is absent at the feldspar/quartz grain contact and thins where the two come close together. The
layer is succeeded by pore-lining chamosite which appears to be entrapped in quartz overgrowth. This
apatite is thus earlier than any other apatite recorded. No other grains in this sample displayed the type

of overgrowth.

Fig. 17. BSEI-SEM image: A) Apatite replacing pore filling chamosite, also grow in pore
space with stubby idiomorphic crystals. B) Apatite replacing pore-filling chamosite and a
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shell interior. C) Poikilotopic cement is post quartz overgrowth. D) Apatite overgrowth is

rare but is seen as a thin layer coating a phosphate fragment.

Illite: Relationships between illite and chamosite have not been observed in the sections studied other
than the presence of an illite pore-fill in which details were not resolved. Illite appears to be the clay
mineral present when chamosite is absent although XRD suggests that they do occur together. Illite-
rich sandstones contain the greatest concentrations of pyrite and illite is much more common in the

mudstones that other clay minerals.

Physical Diagenetic Features:
Compaction:

Compaction features are rare. Preservation of delicate remnant pore-lining cement zones around
grain dissolution pore space implies that dissolution was post major compaction. Figure 18 shows a
fractured K-feldspar where fracturing may have been post pore-lining chamosite although the concavo-

convex contact between feldspar and quartz is clearly pre pore-lining chamosite.

VA1-NC40B 4/

Fig. 18. BSEI-SEM image: Fractured K feldspar which is probably post pore-lining
chamosite.
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Porosity: In addition to grain dissolution porosity noted above there is intergranular porosity some of
which may be primary but most of which is more likely to be secondary. One feature of this secondary
porosity is a thin pore zone between pore-lining chamosite and the host grain seen in many samples

(Figs. 12A-B, 15D, and Fig. 18).

ORIGIN OF THE DIAGENETIC MINERAL SEQUENCES IN THE ACACUS FORMATION

The chronological relationships described above suggest three sequences which are closely related:
e Chamosite — Siderite
e Chamosite—>  Apatite

e Chamosite—  Pyrite

The first two display in some cases a final in which the Fe(11) minerals are oxidized and replaced by

Goethite and Haematite.
CHAMOSITE - ORIGIN:
A number of possibilities, not mutually exclusive, were listed as to the origin of chamosite:

(1) Alteration of precursor kaolinite. (2) Transformation of a swelling chlorite
(corrensite). (3) Transformation of interstratified serpentine chlorite (4)

Transformation of berthierine.
In addition:

The dissolution of K feldspar is a source for late chloritic diagenetic clays. It is generally agreed
that perhaps the most common precursor is berthierine and that this transforms to chamosite on
burial. It is proposed that the initial iron silicate formed in the Acacus Formation was
berthierine. The secondary nature of the Acacus chamosite is supported by the data shown in

figure 10 which indicates that it is ‘metamorphic’.

Chamosite- Siderite:

The close occurrence of iron silicate and siderite cements in iron-rich sediments has been widely
reported and the chemical conditions governing their precipitation and relationships have been widely
discussed. The work of Taylor and Curtis (1995) and MacQuaker et al. (1996) is particularly relevant to

the present situation.
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Taylor and Curtis (1995) show that precipitation of Dberthierine takes place as a result of

“destabilization of detrital clay minerals” during early stages of suboxic diagenesis. This is related to
. 2+ C . . . . . . .
high Fe pore water activities resulting from iron reduction which they point out produces “four times

as much Fe(ll) as HCO3z™ Continuing suboxic diagenesis shows a decrease in iron activities and a

corresponding increase in carbonate activity (Curtis and Spears 1968). When high CO» pore water

activity is attained siderite precipitation takes over from berthierine.

Chlorite-Siderite-1ron Oxide:

It was shown in section that the iron oxide cements displays a closely similar composition to siderite
in terms of its content of iron, magnesium and manganese content. This strongly indicates that the
much of the iron oxide formed by oxidation of the siderite and original berthierine.

Oxidation of berthierine oolite cortexes and glauconite grain margins was most likely to have
occurred by redox recycling due to reworking of the sediments at the site of oolite formation (Taylor
and Curtis, 1995) from where they were transported into the present site of deposition as detrital grains.
It can be seen that the iron oxides have a lower Mg content that the siderite suggesting that Mg was

leached during the oxidation process.

Chlorite-Apatite-Goethite-Apatite:

MacQuaker et al. (1998) show that phosphate cements develop from phosphorous released by
dissolution of phosphatic skeletal fragments and organic matter. They note from the work of Nathan
and Sass (1981) that as apatite precipitation is favored over carbonate precipitation at low pH values,

the presence of apatite cements suggest that the pore waters were acidic at the time of formation.

In the present case where the apatite precipitation follows the berthierine/chamosite in close
association, forming grain coatings, the establishment of oxic conditions necessary for generation
of acids at the oxic/suboxic/sulphidic zone boundary would almost certainly also have lead to
oxidation of the berthierine. Regeneration of berthierine in a subsequent reducing environment
would be difficult. Acid pore waters could however, be produced at the suboxic-sulphate
reduction zone boundary by migrated methane gas (MacQuaker, pers. comm). Precipitation of
chlorite/chamosite onto the apatite coating cement (Fig.17A), suggests in fact that reducing
conditions prevailed throughout precipitation of such coatings but that iron availability varied.
Interlamination of apatite and berthierine in ooid cortexes was described by Karasek (1981) and
he proposed that they are diagenetic increments on micro-nodules.
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It would appear therefore that apatite can co-exist in alternation with both reduced and oxidized iron
minerals. In each case the alternation is due to variation in diagenetic conditions coupled with

restriction of sediment supply.

The pore filling apatite, most clearly developed as thin cemented layers in samples from Well
Al-26, is clearly associated with iron oxides and is later than both haematite cement and
haematite coated ooids. It would appear that the oxides such as haematite and magnetite were
more or less stable in the reducing conditions necessary for apatite formation. Harder (1980)
notes that this is due to their low solubility and reactivity and states that even under conditions
favorable for precipitation of berthierine and siderite that haematite and magnetite may also be

present.

Chamosite — Pyrite:
This relationship arises from a change from conditions in the suboxic zone with precipitation of
chlorite to conditions of the sulphidic zone where reduction of dissolved sulphate leads to production of

hydrogen sulphide. Combination of reduced iron with HS™ forms the iron pyrite. The relationships seen
would appear to have resulted from gradual burial of the sediment and its progression from the suboxic
into the sulphate reduction diagenetic zones.

The association of pyrite with the finer sediments such as the clay and silt-rich mudstones is
significant. These deposits were probably deeper and possibly more stagnant water and likely to have
had reduced oxygen in the pore waters near the sediment water interface. The sub-oxic and sulphate
reduction zones may therefore have been present near to or at the sediment water interface. In such

conditions the preferred iron mineral precipitate at shallow depths within the sediment would be pyrite.

Feldspar Grain Dissolution:

It has been shown above that feldspar grain dissolution, quartz overgrowth Q2 and kaolinite
precipitation all pre-date siderite precipitation. They also predate apatite precipitation. One example of
authigenic siderite shows crystals that appear to pre-date quartz overgrowth but the planar grain contacts

suggests that there may have been pressure dissolution of the quartz overgrowth.

Kaolinite:
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The grain dissolution pore-filling kaolinite can be considered as a by-product of the feldspar
dissolution. Intergranular pore-filling kaolinite may have a similar origin and been redistributed by pore

waters, although some may have formed at later stages.
Quartz overgrowth:

The source of silica for quartz overgrowth associated with grain dissolution cavities is most
probably related to feldspar dissolution and kaolinite formation. Extensive overgrowth that is
present in some of the sandstones is more likely to be due to the other sources noted above as it is
unlikely that enough feldspar was available to supply all the quartz. Underlying shale of the
Tannezuft Formation as well as interbedded shale’s would be a likely source for such silica.

The early quartz overgrowth Q1 pre-dates development of pore-lining chlorite and
dissolution, events that have been attributed to reactions in the suboxic and sulphate reduction
zones. It is therefore very early diagenetic, almost certainly pre-compaction, and may have
occurred in the oxic zone. Absence of associated kaolinite and feldspar suggest that the source of

silica was from organic material.
8.4.10. Pore-Lining - Pore Walls Gap:

Nathan and Sass (1981) describe a comparable feature and propose that the gap occurred
following contraction of the host grain material. In this instance the host grains were composed of
clots of mechanically infiltrated smectite which during diagenesis and burial, lost water and
reduced in size. Shrinkage produced fragmentation of massive aggregates and detachment of the
clay coatings or cautions. The authors view the cautions as comprised of “detrital particles
decanted from the water and attached by electrostatic forces to the surface of grains”. As such,
the cautions differ from the pore-lining chlorite in the present study which is clearly a precipitate.
Also in the present example separation occurs from host quartz grains and no examples of a
smectite precursor host have been seen. As the quartz grains, often with partial grain coatings,

would be most unlikely to contract, another explanation is necessary:

It is the pore-lining layers that have contracted. The gap was initially filled with a cement

which has since been dissolved.
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The first case demands that the original coatings and pore fill were not berthierine but some
other mineral. The proposal by Curtis (1985) that chamosite could form from smectite through
an intermediate swelling chlorite is interesting in that this could explain possible contraction on
formation of the berthierine/chamosite. The presence of a carbonate rim cement, since removed,

would, however, seem more likely. Preservation of such a delicate texture implies that its

formation is post compaction. The phenomenon needs much further study.
SUMMARY
The diagenetic sequences are summarized in the following.

e The sequence for chlorite-apatite is similar to that for chlorite-siderite except that apatite

forms instead of the siderite due to removal of Fe2+ by restriction of iron detrital fragment

input coupled with oxidation.

¢ In the chamosite-pyrite trend pyrite was precipitated from sulphide released by sulphate

2

reduction combining with Fe * as the sediment was buried and passed into the sulphate

reduction zone.

e It can be seen that the sequences and the mineral types are facies related with muddy

sands and shale’s being richer in pyrite with little or no siderite.

¢ In addition to the three sequences shown, a fourth sequence is seen in the rare levels of
clean quartz sandstones. Here there is well-developed quartz overgrowth, related to
intergranular and grain-dissolution porosity and the only cement is siderite. This replaces

the overgrowth and partially occludes porosity.

e The various sequences form an important part of interpreting observed facies change and

the setting up of a depositional model.
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Résumé

Afin de caractériser cette variabilité phénotypique et définir les patrons morphologiques de la
population, les données utilisées sont issues des comptages directs et ses mensurations réalisés sur 829
tétes caprines (chévres et boucs) reparties sur les différentes localités d’étude du sud tunisien.
L’établissement des fréquences des différents caractéres morphologiques et les paramétres des
différentes parties du corps de la chevre locale représente une étape principale pour la caractérisation de
cette population animale. D’ailleurs, 1’identification des relations numériques entre le poids et la
morphométrie pourrait fournir d’outils simples de quantification des performances des animaux et des
troupeaux ambulants dans des conditions difficiles. Les différences considérables au sein de notre région
d'étude et qui sont observées a la fois au niveau de la géographie, des ressources et de la conduite
appliguée nous ont conduit a la subdivision de la région d’étude en trois zones : la steppe, la cote et la
montagne. Cette approche élimine, théoriquement, un nombre de biais relatifs a la spécificité des
ressources et des contraintes alimentaires et techniques. Par ailleurs, la typologie antérieure a illustré
I’importante relation entre les systémes d’élevage et la région naturelle ; d’ou s’impose la considération
des différences zonales. Toutefois, la considération du facteur région naturelle ne permet pas de tenir
compte de tous les systémes puisqu’il était impossible d’établir les controles des performances au
niveau des systemes pastoraux ambulants.

Outre ces considérations naturelles et zootechniques, les exigences statistiques ont conduit au choix d’un
nombre de quelques éleveurs de chevres locales reparties respectivement sur la montagne, la cote et la
steppe. Au total, 18 éleveurs (troupeaux) ont été retenus et soumis au contréle, en plus du troupeau
expérimental de I’Institut.

1. Introduction

L’ancienneté de la domestication de I’espeéce caprine ainsi que sa répartition dans la plupart des régions
écologiques du monde a aboutit a une adaptation des groupes génétiques caprins en vers des conditions
de vie et de production tres différentes. Cette adaptation génétique se manifeste de plusieurs maniéres au
niveau du phénotype, entre autre la morphologie et la stature qui expriment les caractéristiques
intrinséques de chaque groupe. Ainsi, les animaux de chaque groupe caprin se regroupent autour de
certains patrons visibles méme si les déviations individuelles restent permises. Par ailleurs, la variation
phénotypique au sein des groupes génétiques et plus amples au sein de populations que celle a I’intérieur
des races (French, 1971). Au dela de l'appréciation visible, les caractéres morphologiques sont en
relation avec certaines particularités physiologiques qui caractérisent la population et qui expliquent ses
capacités d’adaptation aux facteurs naturels de son milieu d’élevage spécifique (Chemineau et al.,
1996 ; Engle et Greaser, 1999 ; Bouche et Hugot, 2002).
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A cet égard, les populations caprines sont sans doute trés polymorphes, ce polymorphisme recéle une
large gamme des caracteres quantitatives et qualitatives (longueur de cornes, longueur de oreilles,
longueur de poils, front museau, longueur du cou, tour de canon, hauteur au garrot, longueur des pattes
antérieures, hauteur a lombaire, longueur des pattes postérieures, longueur totale, type pigmentaire,
couleur de la robe, couleur de la téte, présence des cornes, présence des barbiches et présence des
pampilles).

En absence des études précises sur la caractérisation complete des populations et des races caprines,
plusieurs travaux ont porté sur la description des populations typiques localisées dans les zones
géographiques diverses et présentant des caractéristiques différentes (Najari, 2005).

A cet égard, I’établissement des caractéristiques phénotypiques d’une population animale peut étre
considérée comme une illustration de 1’identité génétique de ce groupe animal. En outre, cette
caractérisation est indispensable pour illustrer certaines capacités génétiques de ce groupe, ainsi que ses
relations avec son environnement de vie et de production. Par ailleurs, cette caractérisation devrait
établir les patrons moyens de la population ainsi que ’ampleur des variations individuelles et leur mode
de variation.

L’établissement des caractéristiques morphologiques de la chevre locale représente un élément essentiel
pour la caractérisation de cette population comme il permet en outre, de situer son état d'adaptation
morphologique envers I'environnement aride.

Pour les races standardisées, la description morphologique permet d’identifier les principaux caracteres
de la race auxquels les individus devraient étre conformes, en vertu de I'homogénéité relative de ce
groupe animal. Tandis que pour les populations animales, les individus peuvent présenter différents
profils morphologiques en relation avec I’importante variabilit¢ reconnue chez la plupart des
populations, surtout des localités difficiles.

Le profilage d'une population animale, permet entre autres:

la caractérisation de la population et I’établissement de ses origines,

I’explication et la compréhension des mécanismes d’adaptation,

la définition des profils patrons,

I’étude de la relation entre les critéres morphologiques et les performances de maniere a
définir des groupes génétiques assez homogenes,

la simplification de plan d’amélioration par le suivi de certaines caractéristiques directement
visibles sur I’animal.

Cette partie de 1’étude a pour but I’estimation de la diversité biologique au sein de la population caprine
locale sur la base des caracteres morphologiques ainsi que la contribution a une meilleure connaissance
des ressources génétiques autochtones qui restent jusqu'a lors peu étudiées. Les premiers travaux de
I’équipe ont permis de définir les principaux patrons pigmentaires de la chévre locale et leurs fréquences
respectives (Najari, 2005 ; Najari et al.,, 2007a,b,c; Ouni et al.,, 2007b) . Les principaux types
pigmentaires, de la population locale, avec leurs nominations traditionnelles sont (Noire, Hawa, Rabcha,
Gharra, Sagaa et Dheria). Ce profilage illustre ’origine et 1’historique de 1'évolution génétique, inclus
les principales actions de mutation et de dérive génétique que cette population a subit durant des siécles,
sous les conditions spécifiques des régions arides (Najari et al., 2006).

K/ K/ K/
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La population caprine locale présente une large variabilité visible au niveau de la morphologie des
animaux (Najari et al., 2006). Cette diversité est plus ou moins remarquable selon les caractéres
considérés. Dans cette partie de 1’étude, nous proposons de :

« définir les principaux patrons morphologiques et pigmentaires de la chévre locale et leur
variation dans les localités d’étude, entant qu'une manifestation des capacités
d'adaptation aux stress,

+ établir les paramétres de la stature de la chévre locale selon les zones naturelles,

¢ estimer le poids adulte de la chévre locale, ses variations en fonction de 1’age et de la
zone naturelle ainsi que ses relations numériques avec les parametres morphologiques,

¢ expliquer certains aspects de I’adaptation de la chévre locale aux conditions du milieu
aride.

2. Diversité phénotypique chez I’espéce caprine

Selon Bouche et Hugot (2002), sur le plan morphologique, 1’espéce caprine est si différente des autres
espéces domestiques. D'ailleurs, des 1826 le Dictionnaire Géographique Universel donne une définition
de la cheévre déja guidée par "I’esthétique". «Elles sont en général de petite espéce et d’une belle race.
Les chevres sont brunes ou noires ; elles ont des cornes recourbées en avant ; leurs yeux sont tres
beaux».

Les ¢éléments naturels de chaque zone du globe ont orienté 1’évolution génétique pour favoriser certains
phénotypes qui s’adaptent le mieux aux facteurs locaux. D’autre part, ’homme éleveur, guidé par ses
aspirations économiques ou parfois esthétiques, a contribué dans la fixation de certains caracteres.
Dailleurs, lors du choix des animaux de remplacement ou de reforme, I'éleveur qualifie les animaux
entre autres de leurs performances qui reflétent leurs capacités d'adaptation. L'intégration, méme
inconsciente de l'adaptation dans le choix des géniteurs, conduit a une sélection sur la morphologie
(Fantazi, 2004). En outre, le déterminisme génétique, assez simple pour certains caracteres comme le
cornage ou les pampilles, conduit a un progres rapide pour la fixation de certains caracteres visibles.

3. Morphologie et stature des caprins

Le cheptel caprin local constitue une population animale rustique et a large variabilité génétique que se
soit au niveau de la morphologie ou des performances, dont la moyenne de la production laitiére par
lactation est de 97,97+ 87,63 kg (Najari, 2005). Cette population regroupe plusieurs types pigmentaires
(Najari et al., 2006) probablement di a I’intégration de plus d’une race ou groupe génétique dans ses
origines, a I’instar de la race Nubienne considérée disparue et diluée dans la population locale.
Dailleurs, la chévre locale présente plusieurs caractéristigues communes avec la race Nubienne, mais
des différences au niveau de la morphologie et des performances justifient I'usage de la notion de
"population locale".

La chévre locale est un animal de petit format (hauteur 76 cm pour le méle et 60 cm pour la femelle)
avec un poids variable selon les ressources pastorales et les stades physiologiques (Ouni et al., 2007b).
Au niveau des performances, la prolificité est en moyenne de 121%, le poids des adultes males et
femelles est de I’ordre de 38 kg et 24 kg respectivement (Najari et al., 2006).

Genéralement la chevre locale est élevee pour produire la viande des chevreaux, la production laitiere
étant réduite a une moyenne de 175 jours. La réduction de la production laitiére de la chévre locale est
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de nature génétique, toutefois, une large variabilité des performances laitieres est observée (Najari,
2005).

4. Principales caractéres morphologiques de la chévre et adaptation au stress

Par conséquent, les stress climatiques sont en premier lieu ressentis au niveau des phénotypes
morphologiques de 1’animal qui peuvent modérer leurs répercussions physiologiques. Les adaptations
morphologiques au niveau de la structure, la couleur du pelage et de la peau, permettent aux caprins de
mieux reésister aux agressions du climat (Mc Dowell et Woodward, 1982 ; Shafie, 1993). La relation
entre la morphologie de la chevre et son adaptation a été illustrée par Ebozoje et lkeibi (1998). La
coloration de la robe a montré une relation significative avec les performances de la reproduction, selon
les mémes auteurs; ceci pourrait suggérer la présence de relation étanche entre les processus
physiologiques d'adaptation et de reproduction. La présentation des mécanismes d'adaptation au stress
thermique illustre I'importance de I'acquisition de I'animal de certains caractéres morphologiques qui
permettent le contréle des impacts de ce stress.

4.1. Role et importance de la peau

Le role de I’épaisseur de la peau dans la lutte contre la chaleur a pu étre identifié (Shafie, 1993) ; la peau
était plus épaisse chez les populations adaptées. Les déperditions de chaleur se font par évaporation, par
radiation, par conduction et par convection. L'évaporation se fait au niveau de la peau ou des échanges
respiratoires (vapeur d'eau exhalée). Les autres formes de déperdition se produisent lorsque la
température de la peau est supérieure a la température extérieure. Les pertes sont accrues par une
humidité faible, car une forte hygrométrie limite les échanges thermiques au niveau de la peau.

Une importante surface de peau par rapport au volume de 1’animal, caractéristique des petits animaux et
des populations de petites tailles, a l'instar de la notre, favorise les déperditions thermiques par
convection. La forme ronde du corps des animaux de la population locale permet de maximiser la
surface de contact pour permettre de tamponner 1’effet des chaleurs, mais surtout pour régler I’amplitude
thermique importante et qui caractérise les climats des localités désertiques. Dans les zones arides, les
chevres n’ont pas de probléme d’évapotranspiration, sous réserve d’un approvisionnement régulier en
eau (Le Gal et Planchenault, 1993).

4.2. Type des poils et ses caractéristiques

La chevre, et plus particulierement les populations des localités chaudes, ont une poilure abondante qui
aide a limiter le stress thermique lorsque les températures ambiantes dépassent celle corporelle. Les
poils longs servent également de protéger 1’animal contre la chaleur et crée une zone de circulation d’air
au niveau cutané (Roussel et Hutchinson, 1992 ; Najari et al., 2007a,b,c). Le pelage a, outre le role
d'isolant, un effet réfléchissant pour rayonnement visible. Sa structure, son épaisseur, sa couleur jouent
un role dans 1’équilibre des échanges thermiques et dans la régulation de la température centrale (Le Gal
et Planchenault, 1993). La couleur blanche correspond a un maximum de réflexion vis-a-vis de celle
observée pour la couleur noire, qui est cependant la plus abondante chez les caprins des localites arides.
Théoriquement, dans les milieux a fort ensoleillement, les animaux a pelage court, peu et clair sont
avantagés. Cependant, les muqueuses pigmentées protegent contre les rayons ultraviolets et évitent ainsi
la photo sensibilisation (Le Gal et Planchenault, 1993).
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La couleur blanche est connue pour diminuer I’infiltration des rayons de soleil, la couleur noire est
I’abondante au niveau du pelage de la chévre locale. Aussi, les races caprines des localités désertiques et
subtropicales, présentent souvent des robes noires ou foncées. Ce paradoxe apparent s’explique par les
variations saisonnieres et journalieres de température. La chaleur absorbée pendant la journée (entre 50
% et 100%), plus élevée chez les chévres noires que chez les chevres a robe blanche, est dissipée durant
la nuit (Finch et al., 1980). Les chevres noires ont également des capacités de transpiration tres
supérieures a celles des autres types de chévres. Une peau sombre absorbe toute lumiére ultraviolette et
prévient le dégat des protéines du tissu (Le Gal et Planchenault, 1993 ; Najari, 2005).

Les animaux locaux, sans doute grace a leur faible production de chaleur et a leur forte capacité de
thermolyse, semblent capables de supporter 1’absorption accrue de rayonnement due aux pelages
sombres et anéantir I’avantage de la couleur. Arruda et Pant (1985a,b) n’ont pas trouvé de différences de
température rectale entre les chévres noires et celles blanches ; en revanche, les fréquences respiratoires
et leurs augmentations sont significativement plus élevées chez les chévres noires. Alors qu’en Inde,
Acharya et Malik, (1971), constatent une aisance relative des chévres a pelage clair sur celles a pelage
sombre et de celles a toison longue sur celles a toison courte ; les augmentations journalieres de
température rectale, d’une part, et des fréquences respiratoires et cardiaques d’autre part, sont les plus
fortes chez les chevres noires suivies par les chévres brunes, fauves et blanches. En outre, la
consommation d’eau est plus élevée et celle d’aliment plus basse chez les chévres foncées que chez les
chévres blanches.

4.3. Couleur de la robe de la chévre et son déterminisme génétique

La couleur de la robe reste 1’une des caractéres dont le déterminisme génétique est assez compliqué et
mal établi. La couleur de la robe est considérée a déterminisme régulier pour les races dont la couleur
est assez uniforme ; tandis qu’elle est dite irréguliére pour les populations présentant une large gamme
de phénotypes morphologiques en ce qui concerne la couleur. La coloration finale de I’animal résulte de
I’interaction de plusieurs processus indépendants, et chaque locus contréle quelques aspects
uniquement.

La mélanine, un long polymere qui pigmente la peau, peut étre composée de I’eumélanine (tyrosine) ou
de la phéomélanine (cystéine) (Najari, 2005). La présence de 1I’eumelanine donne une coloration noire,
bleue, grise ou chocolat marron et qui est affectée par les effets des facteurs non génétiques. La
coloration résultant de la présence de phéomelanine, varie de 1’ocre, créme et rouge, soit du trés sombre
a la trés claire. Lorsqu’elle est sombre, elle peut étre confondue avec les marrons d'eumelanine
(Adalsteinsson et al., 1994a,b).

Le locus Agouti, se présente sous 11 alléles chez les caprins (Millar et Lauvergne, 1990). Ce locus
contréle la plupart de la variation dans la couleur de la robe par le biais de la distribution d'eumelanique
et du pheomelanique. Des modéles particuliers sont également observés au niveau de la population
locale, par exemple, le modele "aucun alléle” donne des chevres toutes noires; ce cas peut étre
confondu avec le récessif Agouti.

En plus du locus Agouti, le locus Marron affecte la coloration visible de la robe de la chévre et il se
présente en 4 alleles (Najari et al., 2006). Le locus Marron varie 1’eumelanine du noir au marron pour
produire une coloration sombre chocolat marron, marron clair ou moyen qui peut étre confondu avec la
couleur rouge (Adalsteinsson et al., 1994a,b). Ce locus affecte le noir par la superposition du Marron.
Sur le modele Agouti, le Marron donne un jeu d'ocre et de marron au lieu du noir, c'est le cas de la race

64



Amor GADDOUR , Charhana SAIDI , Mohamed ABID, Mouldi ABDENNEBI et Sghaier NAJARI

Toggenburg (Sponenberg, 1997). D'autres loci peuvent également affecter la couleur de la robe en
agissant sur 1’ Agouti pour donner une coloration créme ou proche du blanc (tableau 1).

Quant aux taches blanches, qui peuvent étre présentes au niveau de la coloration de la peau du type
Rabcha, elles peuvent résulter de I’absence de la pigmentation de base comme elles peuvent consister a
une coloration blanche génétiquement codée. Cette tache se superpose sur toute autre couleur pour la
masquer. Plusieurs taches blanches chez un animal, sont le fruit de mécanismes génétiques totalement
indépendants. Chaque tache blanche pourrait avoir son contréle génétique indépendant exercé par un
locus séparé.

Tableau 1. Alleles au locus Agouti, Marron et autres loci ainsi que la coloration résultante.
(Sponenberg, 1997).

Alléle Symbole Description
Alléles au locus Agouti et la coloration résultante
Blanc/ocre Awt Blanc, Ocre, rouge parfois avec épaule ou visage plus sombre
Masque noir Abm Ocre, noir sur la téte, poitrine et en bas de la colonne vert
Raies pales (téte)
Bézoard A+ Ocre, téte sombre +raies, ventre pale, membres et arriére rayés
Males plus sombres
Visage du Ab Ocre, ventre noir, raies en arriére sur les membres inférieures et
blaireau le visage (Oberhasli)
Gris Ag Mélange de cheveux noir et blanc avec les jambes plus
sombres, téte
Swiss arkings Asm Corps noir, ventre sombre, membres péles, oreilles et raies du
soin du visage (Toggenburg)
Ventre clair At Sombre, ventre clair, jambes rayées, clair a l'intérieur des
Hawa oreilles et raies du visage clair
Raies latérales Als Comme " Hawa " mais zone plus sombre sur le ventre, raies de
la jambe renversee
Acajou Am Mélange sombre de noir ocre, membres sombres et téte
Iégérement tachetée
Joue rouge Arc Noircis avec zones d’ocre sur les joues
S.Clemente Asc Moitié postérieure noire, antérieure ocre et raies sur la téte
sombre, membres pales
Paon Apk Moitié antérieure ocre, moitié postérieure noire, membres
sombres, téte pale, raies sombres
Absent Aa noir
Alléles au locus Marron et leur manifestation au niveau de la coloration
Marron sombre BD Dominant, sombre chocolat marron eumelanine
Marron clair Bl Dominant, chocolate eumelanine (lait), (Toggenburg)
Type sauvage B+ Noir eumelanine
Marron moyen Bb Récessif marron vif, un peu rougeatre
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Autres loci agissant sur la coloration de la robe caprine

- Varie d'une bague autour du baril a presque blanche avec queue

Ceinture . ) s . : X
et téte colorée. Taches du c6té seules : ceintures incompletes
. - Taches blanches aléatoires : ceinture. Contréle génétique non
tachetee
sure
Fleuré - Petites mouchetures blanches partout dans le manteau.
Proéminents sur les c6tés et ventre : dominants probablement
Gelé FrD Cheveux blancs sur les oreilles et museliére et est commun sur
"Dheria" Nain et chévres "Nubian". Présent dans plusieurs races

4.4. Type pigmentaire de la population caprine locale des localités arides

Selon Najari et al., 2005, les principaux types pigmentaires de la population locale, avec leurs

nominations traditionnelles, sont présentés ci-apres (figure 1). Les fréquences des colorations de la téte

et de la robe sont présentées separément pour les males et les femelles sur les figures 1, 2 et le tableau 2.
Sagaa

Noire

Hawa

@ Noire O Blanche B Noire et blanche
OBlanche et noire  E Rouge O Autres

66



Amor GADDOUR , Charhana SAIDI , Mohamed ABID, Mouldi ABDENNEBI et Sghaier NAJARI

Figure 2. Fréquences des couleurs de la robe, a: chez les boucs;
b: chez les chevres (Najari et al., 2006).

G
—
ka) X7
0 00 00
O Noire OBlanche ONoire et blanche
OBlanche et noire @ Rouge o Autres

Figure 3. Fréquences des couleurs de la téte, a: chez les boucs ; b: chez les chévres (Najari et al., 2006).

Tableau 2. Répartition (%) des types pigmentaires des chevres selon les zones géographiques.

Effectif Noir Hawa Gharra Dheria Sagad Blanche RougeAutres
Cote 2049 21,3 144 21,4 16,2 219 1,2 15 2
Steppe 2091 21 232 171 67 55 171 91 -
Montagne 1987 22 4,1 31 20 11,7 14 4,8 4.8

Total 6127 22 141 224 148 148 22 5,7 4,2
Source : Najari et al. (2006).

Concernant le pelage, la couleur dominante de la chévre locale est la noire qui représente plus de 60%.
En outre, d'autres couleurs comme la rougeétre ou la blanchatre sont présentes. La fréquence des robes
pie est d'environ 20% (Najari et al., 2006). Une variabilité génétique plus importante a été observée au
niveau de la couleur de la téte (figure 3).

Le tableau 3 des fréquences décele certaines différences et relations entre la morphologie et la
géographie de la zone. La morphologie de la chevre locale élevée au niveau de la cbte est, ainsi,
différente de celle observée dans la montagne et a la plaine (Najari et al., 2006). Il parait que le type noir
est présent avec la méme fréquence dans les différentes zones. Cependant, le type dit Hawa est
essentiellement présent au niveau de la steppe et le type Gharra représente plus de 21% et de 30%
respectivement dans la c6te et la montagne.

4.5. Forme et type du cornage
Chez les races domestiques, les cornes sont habituellement de type homonyme, ¢’est-a-dire que la corne
droite forme une spirale a droite, alors que la corne gauche forme une spirale a gauche (Ricordeau,
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1972 ; Najari, 2005). Les cornes ne sont pas toujours visibles a la naissance. Elles apparaissent au plus
tard a 28 jours, plus tardivement chez les femelles que chez les males et en fonction inverse du poids de
naissance. Il faut donc attendre presque un mois pour estimer correctement le cornage définitif des
produits. La présence d’un «épi» de poils a I’emplacement de chaque bourgeon corné peut servir de
repére précoce.

L’absence de cornes est due a un géne autosomal dominant P (polled). Ce géne a également un effet
récessif de masculinisation a pu étre compléte sur les femelles et pénétrance incomplete sur les méles.
La relation génétique entre la présence des cornes et la fertilité a été mise en évidence. Il s’agit de
I’augmentation de taux d’infertilité avec 1’absence des cornes lorsque les animaux sont homozygotes
(PP) par rapport aux animaux cornus (pp). Quant aux hétérozygotes (Pp), et qui sont mottes, on observe
une fertilité meilleure.

Egalement, on a observé 1’apparition des qualités intersexués chez les animaux mottes homozygotes.
Selon Ricordeau (1972), cette derni¢re hypothése n’est cependant pas entiérement satisfaisante méme en
ajoutant les intersexués aux femelles, le taux de masculinité reste supérieur a la normale. Selon le méme
auteur, le désequilibre persistant du rapport des sexes en faveur des males serait di a une plus grande
mortalité des embryons femelles mottes au cours des premiers stades de la gestation. Cette hypothése
n’est guere soutenable, puisque les chévres mottes hétérozygotes se révelent, enfin de compte, plus
féconds que les chévres cornues de méme origine, bien qu’elles donnent, en moyenne, plus de
descendants sans cornes.

Les premieres chévres sans cornes ont probablement été sélectionnées au début du siecle, mais les
¢leveurs se sont rapidement apercu qu’ils obtenaient un exces apparent des males, dii en fait a des
femelles génétiques fortement masculinisées et donc stériles. 1l a fallu attendre les progrés de la
cartographie des génomes et de la biologie moléculaire pour identifier la mutation responsable de ce
syndrome complexe. Certaines chévres présentent une anomalie génétique qui associe 1’absence des
cornes et I’intersexualité : ces chévres ont deux chromosomes X, ce qui détermine normalement le sexe
femelle, mais sont fortement masculinisées, tout en étant stériles.

Selon Pannetier (2003), chez la chevre, une mutation naturelle est a l'origine du syndrome PIS (Polled
Intersex Syndrome). Ce syndrome associe un phénotype sans corne (autosomique dominant, PIS* ou
PIS -, affectant les deux sexes) a un phénotype intersexué de type male XX (autosomique récessif, PIS
I n'affectant que les femelles). Grace a une analyse de liaison génétique puis un clonage positionnel,
cette mutation a pu étre caractérisee, elle consiste en une délétion de 11,7 kb d'une région ne renfermant
pas de sequence codante située sur le chromosome 1 chez la chevre. Cette délétion affecte I'expression
de deux geénes, PISRTL1, un ARN de 1,5 kb polyadenylé dépourvu de phase ouverte de lecture, et
FOXL2, un facteur de transcription impliqué dans le Blepharophimosis Ptosis Epicantus Syndrome
(BPES) chez I'homme associant une malformation des paupieres a une insuffisance ovarienne primitive.
Ces deux génes sont exprimés trés tot au cours du développement ovarien, depuis 36 jours jusqu'a I'age
adulte chez les animaux femelles PIS** ou PIS™.

4.6. Présence des pampilles

Les pampilles sont au nombre de 1 ou 2 situées sur le cou ou sous les oreilles, longues ou tres fines, il
s’agit d’un géne simple autosomal dominant a pénétrance compléte, mais a expressivité variable
(Ricordeau, 1972 ; Haenlein, 1992b; Najari et al., 2006). Les chévres avec pendelogues sont, en
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moyenne, plus prolifiques que les chevres sans pendeloques (Ricordeau, 1972). La fréquence du gene
sans pendeloque (q) est variable suivant les races :
0, 638 en race Alpine chamoiseée, 0, 810 en race Alpine Saanen et 0, 71 8 en race Poitevine.

4.7. Présence de la barbe

La barbe est une sorte des touffes situées sur le coup. La présence de la barbiche, caractere dominante et
liée au sexe. La vérification de cette hypothése est difficile car la barbe se développe seulement a la
puberté, c’est-a-dire bien apres la réforme des males (Hull et Smith, 1992). Les méales sans barbe ont
cependant une petite touffe de poils sous le menton, mais cela n’a rien a voir avec la grande barbe des
animaux qui sont porteurs du gene (Haenlein, 1992b). Les barbes sont hérités par un gene dominant
(Hull et Smith, 1992) et elles sont plus fréquentes chez les races prolifiques, leurs éleminations ne
causent généralement aucun probléme.

5. Relation entre les parametres phénotypiques et corporels : barymétrie

Les données techniques des mensurations permettent d’évaluer les animaux d’une manicre relative et
absolue, de comparer les performances et d’émettre des recommandations sur les pratiques d’élevage.
Par ailleurs, la description des races animales s’appuie entre autre, sur des mensurations. Cette donnee a
une valeur historique puisqu’elle provient des premiers travaux zootechniques faits sur des chevaux des
armées qui devaient avoir une taille supérieure strictement a 1,40 m pour servir dans la cavalerie (Le Gal
et Planchenault, 1993).

Marichatou et al. (2002), ont montré qu’une étude des performances zootechnique des caprins au Niger
basée sur la comparaison des poids et les mensurations de la chévre rousse de Maradi et de la chévre a
robe noire dans la zone de Maradi & Niger a été relevée dans les différents arrondissements pour
conclure sur I’importance de la variabilité au sein de I’espéce caprine (tableau 3). Ces résultats ont été
semblables a ceux obtenus par d’autres auteurs (Robinet, 1967 ; Denis, 1972).

Ceci permet de considérer que les deux chévres ont la méme stature physique. Cependant, on note une
supériorité sur tous les paramétres des chévres des deux couleurs de I’arrondissement de Guidan-
Roumdji, liée certainement a la conduite de 1I’¢levage (Marichatou et al., 2002).

Tableau 3. Poids et mensurations des femelles selon la robe et I’arrondissement enquété a Niger.

=, 5 = 3 2 28 23 2.3

b *7 % 537 & s5& 8§ #.8-7
Noire /GR 12 30 68 18,1 72,2 36,7 66,2 54,3
Noire/Mdfa 9 255 64,3 18,3 69 33,7 61,6 51,2
Noire/Tessa 17 27,5 64,6 18,5 69,5 36,2 64,7 52,4
Noire/GR 13 30 64,2 18,4 72,7 37,1 66 54,2
Noire/Mdfa 13 25,7 64,8 17,8 68,9 33,2 62,6 51,4
Noire/Tessa 21 28,6 65,5 18,5 70,8 36,7 67,3 53,4
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Noire 39 279 65,7 18,3 70,3 35,8 64,5 52,7

Rousse 47 28,2 64,9 18,3 70,8 35,9 65,6 53

Noire et 86 281 65,3 18,3 70,6 35,9 65,1 52,9

rousse

GR :Guidan Roumdji, Mdfa : Madarounfa, Tessa : Tessaoua. Marichatou et al.
(2002).

Dans plusieurs élevages, la pesée des animaux se heurte a plusieurs contraintes : contention de 1’animal,
hostilité des éleveurs a la manipulation des animaux, la difficulté de redressement et de prise de poids
exemple du dromadaire, absence du matériel de pesée, mobilité des troupeaux. La barymétrie permet
d’estimer le poids de 1’animal a partir de quelques mesures corporelles. Les mensurations sont
généralement traitées statistiguement, pour déterminer la combinaison des mesures dont la corrélation
avec le poids est maximale (Ouni, 2006). Par ailleurs, une équation basée sur une seule mensuration
peut étre établie si la précision de I’estimation du poids est jugée suffisante. Pour une race donnée dans
un environnement donné, il peut étre utile de réaliser un ruban barymétrique avec une face graduée en
centimétre et une face avec le poids correspondant aux mesures (Delate et Babu, 1990 ; D’orgeval,
1997).
Pour Chabi, (1987) la caractérisation fait appel a la détermination du poids vif et de la mensuration,
ainsi que par les observations morphologiques (robe, cornes). Des notes d'information de I'élevage des
caprins et des ovins en Benin sur la relation entre le poids adulte et la mensuration ont montré que, les
résultats des mensurations effectuées sur 268 chevres adultes ont donné comme moyenne 20,5 kg pour
le poids vif et 42,5 cm pour la hauteur au garrot. Ces chiffres correspondent généralement a ceux qui
caractérisent les chévres Djallonké (Chabi, 1987).
Les mesures corporels utilisées pour estimer le poids de I’animal sont variées mais les plus fréquemment
utilisées sont le tour de la poitrine, la longueur du tronc et la hauteur au garrot (Delate et Babu, 1990).
A partir du poids vif et des mensurations effectuées sur 324 brebis, ainsi que des observations
morphologiques, il a été possible de distinguer deux groupes de races ovines (Tableau 4). Un groupe
(A), ou le poids vif moyen atteint 21,5 kg. C'est le groupe qui comporte des brebis a robe
essentiellement blanche, pie noir ou pie roux, aux oreilles moyennes ou courtes, tenues obliquement
vers le bas et dépourvues de cornes. Ce groupe est assimilé aux ovins Djallonké.
L’autre groupe (B) comportant des brebis plus lourdes (26,2 kg), a format moyen, a robe essentiellement
blanche, pie noir, pie roux, rarement tricolore, aux oreilles longues et tombantes, et présentant rarement
des cornes. Ce groupe pourrait étre assimilé au mouton croisé Djallonké-Sahélien (Chabi, 1987).
Tableau 4. Quelques mensurations moyennes des animaux des groupes A et B.

Mensurations Hauteur au Profondeur de Tour de Longueur du
(encm) garrot poitrine poitrine tronc
Groupe A 49,9 24,9 68,3 49,7
Groupe B 55,5 26,5 72,3 52,3
Chabi, 1987.

6. Elevage caprin dans les regions arides et dans les oasis de la chévre locale
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Dans le bassin méditerranéen, I'élevage caprin tient une place de choix dans la valorisation des zones
montagneuses et arides. En effet, la relation entre la chévre et la montagne remonte a la période de
domestication de cette espece, qui manifeste des capacités anatomiques particuliéres pour 1’exploitation
des reliefs et des milieux pentus. Alors que pour les régions arides, la chévre est 1’une des rares especes
domestiques, aptes a survivre et & produire sous les conditions alimentaires et climatiques
difficiles (French, 1971).

La concentration des caprins dans les régions marginales et difficiles est, d’ailleurs, 1'une des
caractéristiques de 1’¢levage caprin dans plusieurs régions du monde et spécialement dans le bassin
méditerranéen (Bourbouze, 2000 ; Gaddour, 2005). Cet élevage aide a mettre en oeuvre le
développement des zones marginales ; il est de méme parfois la seule activité agricole possible.
L’¢levage caprin, conduit en extensif, joue un réle multifonctionnel (El Aich, 1996) et contribue par ses
produits dans 1’autosuffisance et 1’économie de la société, surtout par la production de la viande
(Devendra et Mc Leroy 1982 ; Wilson 1992 ; Benlekhal et Tazi, 1996 ; Alexandre et al., 1997a).
L’¢élevage caprin reste ’'une de plus importante source de production d’énergie et de protéine. Surtout
dans les zones marginalisées la ou les options de développement sont réduites, la production animale
représente I’un des secteurs économiques toujours capable de soulager la pauvreté des payants. Il est
toujours possible de développer des élevages de structures adaptées aux moyens familiaux et aux
exigences de I’environnement pour palier a améliorer les ressources de la société. Les principaux
systemes d’élevage de la chévre locale sont :

6.1. Elevage pastoral

Au niveau de 1’¢levage pastoral, le role du cheptel dépasse largement celui d’un matériel de production
pour faire I’un des principaux moteurs de I’évolution de la société (Nasr et al., 2000 ; Najari et al.,
2007d). Certes, dans ce contexte particulier de production, le role du cheptel est d’une envergure
nécessitant des facultés particulieres qui ne sont pas disponible chez toutes les especes et les races
animales domestiques. L’intégration dans ce mode de vie impose la présence, chez 1’animal, d’un
cocktail de caracteres inséparables pour s’adapter aux conditions hostiles, aux modes traditionnels et aux
ressources qu’ils doivent valoriser par une production variée et suffisante (Najari, 2005). En méme
temps, le cheptel doit étre capable d’évoluer ses capacités génétiques en synergie avec les objectifs et les
outils de conduite, qui ne sont pas obligatoirement stables (Vissac, 1994 ; Alexandre et al., 1997a).

Les parcours collectifs, repartis entre les plaines de la Djeffara et d’Elouara et le plateau du Dahard sont
constitués d’une steppe souvent assez claire (Nasr et al., 2000).

C’est le systéme le plus répandu, basé¢ presque exclusivement sur l'utilisation des parcours, qui se
caractérisent par une production aléatoire selon les années. A titre d’exemple, ils n’ont contribué que
pour 25 % des besoins des troupeaux (caprin, ovin, camélin) au cours de la saison séche 2002-2003 ; le
reste étant couvert par les cultures fourragéres en zones irriguées, les sous-produits de la récolte (son,
paille, foin, grignon d’olive), et les aliments concentrés. Ce systeme traditionnel est pratiqué dans les
grands parcours de 1’Ouara, du Dhahard et la plaine désertique de Kebili (Najari, 2005). Les troupeaux
sont en général de grande taille, avec pratique de la transhumance sur les parcours de la région (Nasr,
1993). Le systéme pastoral, considéré comme 1’héritier du nomadisme, continue encore a jouer un
important r6le de production dans la zone et ce en dépit des contraintes générées par les transformations
socio-économiques (Najari et al., 2004).
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6.2. Elevage agropastoral

Ce systéme d’¢levage se situe autour des villages et des centres urbains, Les troupeaux vivent aux
dépens des aires non occupées par la céréaliculture ou 1I’oléiculture. Il s’agit d’un mode d’élevage
opportuniste qui modifie la composition du troupeau en fonction des conditions annuelles et des
ressources des deux autres systémes d’élevage (Najari, 2003). Dans ce systeme, le troupeau est garde
par les membres de la famille; il participe dans les recettes de celle ci par la vente de chevreaux.

6.3. Elevage intensif
Dans le oasis et les périmétres irrigués, 1’élevage caprin est traditionnellement pratiqué en tant
qu’activité associée et il est plus ou moins intégré avec les activités agricoles. Dans ces conditions,
I’¢levage caprin use des ressources, des objectifs et d’'un mode de conduite fondamentalement différents
de ceux de I’¢élevage pastoral pratiqué sur le parcours (D’Aquino, 1998). Par ailleurs, les oasis peuvent
se définir comme des espaces intensivement cultivés grage a 1’irrigation dans un milieu désertique ou
fortement marqué par I’aridité (D’ Aquino et al., 1995 ; Gaddour et al., 2007a).
Les productions animales sont accessoires par rapport aux productions végétales (Gaddour et al.,
2007¢). L’¢levage caprin dans les oasis est caractérisé par :
¢+ une conduite essentiellement basée sur les ressources végétales produites dans les oasis,
¢ les troupeaux sont de petite taille, il s’agit de quelques chévres par famille,
% le produit principal reste toujours les chevreaux, la production laitiére est considérée pour
subvenir aux besoins en lait de la famille, contrairement aux cas des grands troupeaux du
systeme pastoral, les quantités du lait nécessaires devront étre produites par un petit nombre de
chévres, ce qui affecte une importance aux performances laitiéres individuelles,
% la conduite est assurée par les membres de la famille, mais la main d’ceuvre est prioritairement
orientée vers les cultures,
¢+ le degré de technicité en matiére de la conduite est de loin inférieur a celui reconnu au niveau de
I’¢élevage pastoral, ou I’élevage représente ’activité principale,
% une intégration de 1’élevage dans le systéme de culture, par la valorisation des ressources
végeétales et la production de la fumure, indispensable pour le travail intensif du sol,
% la production de la fumure et la valorisation des fourrages et des sous produits de 1’agriculture.

Conclusion

Les analyses des fréquences phénotypiques soulignent I'importance de la variabilité au niveau des
caractéristiques morphologiques de la chévre locale. Les troupeaux situés au niveau de la plaine et la
cote présentent I’hétérogénéité la plus importante ; cette diversité est plus ou moins remarquable selon le
caractére considéré. Le profilage effectué manifeste, également, I’origine et 1’historique de 1'évolution
génetique, inclues les principales actions de mutation et de dérive génétique que cette population a subi
durant des siécles sous les conditions specifiques de la région aride.

La chevre locale est morphologiquement similaire a la plupart des races et des populations caprines
rustiques élevées dans les régions chaudes et non sélectionnées autour de standards raciaux. La sélection
exercée par les conditions naturelles et la conduite pastorale, pendant des siecles, a orienté la population
vers I’acquisition d’un profil morphologique assez hétérogene. Le profilage de la chévre locale illustre
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certaines capacités d’adaptation en relation avec 1’anatomie générale. La coloration de la robe, le poil
long, ....permettent a la chévre locale de controler et de tamponner le stress thermique. La chévre locale
présente une coloration de la robe a dominance noire avec d’amples variations de la couleur de la téte,
qui d'ailleurs, définit son type pigmentaire. En outre, les analyses montrent que la présence des cornes,
des pampilles, du long pelage et des oreilles pendantes, sont des caractéres relativement fixes chez notre
population. Le déterminisme génétique de la coloration de la chévre locale la classe dans la catégorie
des races irréguliéres avec une forte présence des alleles intermédiaires et récessifs. Le profil
morphologique de la chevre locale reste comparable a ceux des races qui n’ont pas subi une sélection
sur des standards raciaux.
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Abstract

Water is of great importance, it is the most valuable natural resources
and the basis of life for all living organisms, and not only that it is
directly related to the life of living organisms, but also to include all areas
of economic life, especially in the agricultural field, which is the largest
consumer of water resources, so must be invested efficiently and increase
Efficiency of investment and reduce waste by providing the specified
guantities and optimal water for agricultural crops in a scientific and
accurate and in light of that we were chosen for this topic because it
contributes to the knowledge of the water needs of agricultural crops.

The first topic dealt with the natural factors affecting the

water needs of agricultural crops in the Alexandria area. The second
section included a study of the nature of the agricultural and narcotic
situation in the study area. The third topic dealt with the study of the
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water needs of agricultural crops in Alexandria area, The water needs of
the crops grown in the area and compared with the irrigation channels
they serve and the water deficit and the problems and reasons that called
for inadequate irrigation channels, while giving some solutions and
proposals that would promote the situation And loyalty in the study area.
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Abstract

This study aimed at building data base of the morphometric properties in the basin of
Cove Valley and basin of Abualdhak Valley, through analyzing the digital elevation
model (DEM) by using a group of geographical data systems programs, which
integrated together in order to result in a large number of morphometric variances &
measurements. They are represented in the programs of Global Mapper, Arc Map 10 as
a basic programs & other supportive programs like 3DEM.

This is done with the purpose to understand its hydrologic significances &
consequently understanding the water movement on the surface of the base. The study
depended on the data of SRTM Worldwide Elevation data, 3-arc- second resolution), in
addition to a group of maps & satellite images.

The study has reached to build data base of the morphometric properties in the base,
and reaching to its hydrologic significance through studying the link between the
morphometric prosperities & some of hydrologic variances.

Moreover, the study has reached to that the base has the form of a triangle, it base is in
the sources & its head is in the outlet.

Furthermore, it’s cleared from the study:

The two basins possessing a very small area of eastern Libya , it does not exceed 0.1%
of the total area of Libya , and about 63.4 % of the area belonging to the basins Basin
Cove.

Ranks in the upper basins stretching for a distance, and this is an indication of the
sculpture downward , and its result Balihudan deep sewers.

The two basins not still going through an early stage in terms of origination , therefore
appeared to represent a micro -level greater percentage of sewage basins.

Most streams of the Cove Valley are trends between the west and the north-east , while
the streams of Abualdhak Valley are between the north and the south-east.

Most of the territory of the two basins are a mild slope , with the presence of severe
declines in the simple parts of the basins.

The study recommended that we should depend on the morphometric properties in
order to reach to the hydrologic significances in the absence of the stations of
hydrometric measurement Also, the necessity of organizing the flow in the bases in
which the percentage of occurring floods raises, through building barriers, dams &
places for collecting water below the base.

Key wordes: morphometric properties.Spatial tecnology,basin,streams.
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