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Abstract 
     This paper dealing with Digenesis System & Its Relationship With Porosity Development of 
Yamama Formation in the Tithonian – Hautervian sequence within the Stratigraphic column of 
Lower Cretaceous in Ratawi oil Field of Basra city in South of Iraq. Diagenesis Processes are 
among the most important factors affecting carbonate rocks, especially reservoir rocks, such as 
the Yamama Formation Rocks, through their varying role in improving or reducing the porous 
system, which plays a major role in controlling the behavior of fluid movement in the reservoir, 
as well as its role in influencing the original tissue of the facies or changing it completely by 
affecting the skeletal and non-skeletal components of facies to varying degrees, which in turn 
affect the petrophysical properties of the reservoir (porosity and permeability). 

 
Introduction    

      Diagenesis Processes can be defined, depending on [15], as all the physical, 
chemical, and biological changes that sediments are exposed to during and after the 
burial process. While, [1] has indicated the diagenesis is a process that includes 
physical, chemical, and biological changes of sediments leading to changing the original 
sediments and are compaction, cementation, recrystallization, and other changes. 
Diagenetic processes are divided into two stages, early diagenesis, and late diagenesis; 
early diagenesis process takes place nearly after deposition or after the burial of 
sediments, whereas the late diagenesis process occurs after deposition when the 
sediment was previously more or less compacted into a rock willing to burial processes 
performed in the subsurface over along geological period [16].  Diagenesis can improve 
or destroy porosity and permeability. However, with increased time and depth, the 
porosity and permeability were reported to be reducible [5]. This paper including the 
relationship between porosity and permeability which can be used in evaluating the 
performance of reservoir facies, so this study divided into two sections:The microfacies 
and their relationship with the diagenesis processes and the diagenesis environments, 
and the second section is the relationship between porosity and permeability to evaluate 
the performance of reservoir facies. 
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Classification of Diagenesis processes 
[15], [16]  divided the diagenesis processes depending on the sedimentary factors and 
the nature of the sediments themselves into two main types, as follows: 
1-Constructive diagenesis processes: It is divided in turn into two classes, depending 
on the mineral and chemical composition of sediments that are exposed to this type of 
modification processes, as follows: 
A. Isochemical processes: These are those processes that are not accompanied by 
any change in the chemical composition of the sediments and include (cementation), 
(dissolution), which includes selective dissolution (stylolite, secondary pores) and 
(Neomorphism). 
B. Allochemical processes: These are those processes that are accompanied by a 
change in the chemical composition of sediments and include (Dolomitization), 
(Dedolomitization), (Silicification), and (Formation of Authigenic minerals). 
 
2- Destructive diagenesis processes: These are the processes that occur without a 
change in the mineral or chemical composition of sediments and can be represented by 
(Bioturbation), (Micritization), (Chemical Dissolution) and (Compaction) processes. 
      The following is a review of the most important diagenesis processes affecting on 
Facies of  Yamama formation in Ratawi field, which are important from both a 
sedimentary and reservoir side. 

1) Cementation 

     It is the process of filling the primary pores and voids resulting from dissolution by 
solutions with chemically precipitated cement. It can also be defined as the diagenesis 
process in which there is no change in the mineral composition of the calcareous 
components, where calcium carbonate is deposited from saturated solutions inside or 
between the grains caused by the dissolution process, leading to the growth of crystals 
of spary calcium and then work on cohesion and hardening of the sediments, and this 
process is often associated with the dissolution processes [15], [16]. 
      As this process can occur in various environments, starting from the environment 
near the surface and in the area where freshwater mixes with salty marine water under 
the sedimentary cover, if this water is a source of calcium carbonate necessary for the 
cementation process [8], and ending with the deep subsurface environment. The 
mineral composition of the cement is dominated by the quality of this water passing 
through the holes in the deep subsurface, so freshwater solutions precipitate low 
calcium (Low Mg - Calcite), while marine water solutions precipitate Aragonite or High 
Mg Calcite (High Mg - Calcite) as a weft material.  For each Diagenesis environment 
that has a specific type of cement tissue, and then distinguishing types of cement under 
a microscope has a great role in determining the types of Diagenesis environments [20]. 
Depending on when the cement occurred, [15] was divided into two main phases, 
namely: 
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 Cement A: It is formed during the early stages of diagenesis processes, and it 
consists of fine fibrous crystals whose growth is perpendicular to the grains towards the 
void and deposited in shallow and deep marine environments and in coastal rocks with 
limited sedimentation. 

 Cement -B: This phase is formed during the later stages of the diagenesis 
processes, and it works to fill the interstitial gaps as a result of not completely naming A 
cement with equal-dimensional and irregular crystals of granular cement and is found in 
shallow and deep marine environments as well as the range that is not saturated with 
groundwater. 
 
        The most important types of cement that were diagnosed within the rocks of the 
study are: 
1-Equant granular cement 
      This cement consists of fully transparent calcite crystals that are almost completely 
transparent and of equal size, as its crystals are characterized by their small size and a 
large number, as this type of cement precipitates in the early stages of diagenesis 
processes from water saturated with calcium carbonate close to the surface and 
concentrated on the surface of the granules and then it begins with gradual growth 
towards the center of the space, creating a special type of microporous equant cement 
between the crystals , this type of cement belong to Cement –A [11]. This cement is 
most commonly found within some of Wackestone Facies, Packstone Facies , some of 
Peloidal Grainstone Submicrofacies and Oolitic & Pseudoolitic Grainstone 
Submicrofacies as the cement that fills the intergranular spaces, and in some Facies of 
the formation is also frequently present filling some of the structures and pieces of 
Biofractures, plate (1-1) and (1-2). 
2-Syntaxial Rim cement 
     This cement appears in the form of large crystals of calcite surrounding pieces of 
Echinoidermata, as well as lining the outer edges of some Peloids and Oolites, and with 
a light continuity of the longitudinal axis of broken parts of shells from various fossils, it 
was observed to be present in Peloidal Packstone Submicrofacies and some of 
Wackestone Facies, plate (1-3). It is also considered evidence of cementation within the 
early stages of diagenesis processes (Cement-A) resulting from fresh subsurface 
groundwater [15] or cementation in phreatic environments of fresh groundwater [20]; [23] 
as well as formed within Freshwater environments near the surface [15], where they are 
sparingly located in Facies of the study area. 
 
 
3-Blocky Cement  
     It consists of large-sized crystals that fill the gaps or spaces between the grains and 
the voids inside the fossils  [20], where this cement is formed in the later stages of 
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diagenesis processes where it can indicate an increase in the compaction process due 
to the sedimentary weight that needs a sufficient period of time for the deposition of this 
type of cementation within the later stages of diagenesis processes. Which precipitates 
from freshwater within the vadose environment [20] or within shallow environments [15]; 
[18], plate(1-4), and (1-5). This type of cement is found in some of the sediments of the 
study area. 

2) Neomorphism 

[13] defined it as that diagenesis process that represents the transformation of the 
mineral into one of its many forms (Polymorphism) with the stability of the chemical 
composition but with a different crystal system and includes the processes of 
(Recrystallization) and (Inversion), as the process of (Inversion) is the transformation of 
the unstable aragonite mineral into the stable calcite mineral, while the process of 
(Recrystallization) includes the transformation of (Micrite) into (Microsparite) if the sizes 
of its crystals range from (5-30) microns, plate (1-6), or (Pseudosparite) if its crystals 
continue to grow to more sizes than ( 30) Micron, plate (1-7). 
      Neomorphism can be diagnosed in all diagenesis environments, but it appears to be 
more present in fresh phreatic environments because its sediments contain a high 
percentage of the element magnesium [10], where it is found in the sediments of the 
study area through the process of (Recrystallization) that leads to the formation of 
(Intercrystalline porosity) due to a relative increase in the size of the crystals when 
micrite transformed into microsparit. This condition increases in Mudstone facies and 
wackestone Facies because of the ability of micrite to hold water due to its low 
permeability and high porosity [12]. When Micrite turns into Pseudosparite, it reduces 
the porosity and permeability due to the growth of the crystals to larger sizes, which 
have jagged edges and converging, which facilitates the process of overlapping with 
each other, in a way that covers most of the porosity of the rock and thus will have a 
negative impact on the reservoir properties. 
 
3) Dolomitization 
      It is defined as the process of substitution of magnesium ions (Mg ++) with calcium 
ions   (Ca ++) in calcareous deposits forming dolomite ( (CaMg (Co3)2) (Flugel, 1982). 
Kaldi & Gidman (1982) indicated that this substitution leads to the formation of several 
types from Dolomitization there: 
1-Penecontemporaneous Dolomitization as it coincides with the deposition processes. 
2-  (Early Dolomitization) that occurs immediately after sedimentation but before the 
sediments solidify. 
3- (Late Dolomitization) that occurs after hardening or burial sediments. 
      The mineral dolomite identified in the study area was distinguished by different 
crystal shapes and sizes, sometimes taking the form of xenotopic dolomite crystals, and 
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other times it took the form of incomplete crystals (Hypidiotopic Dolomite) or in the form 
of complete crystals (Idiotopic Dolomite) ,and they are all either scattered or clustered 
within the micritic base of Facies, or it may exist in the form of dolomite cement filling for 
deformed voids or voids in the shells, fracture, and surfaces of pressure solutions, , as 
follows: 
1-Xenotopic Dolomite 
     This type of dolomite is formed during the early diagenesis processes after 
sedimentation, as it was diagnosed in the study area within Mudstone Facies in the form 
of a tissue of fine grained crystals without a crystalline faces called Aphanotopic Texture, 
plate (2-1). [2] indicated the correlation of the presence of this dolomite with the 
limestone deposits in the direction closer to the shoreline and on the quay rather than 
down the sedimentary basin. 
2-Solution seams associated dolomite 
      This type of dolomite can be diagnosed due to late diagenesis processes that occur 
after hardening of sediments and their burial in Peloidal Packstone Submicrofacies, 
Oolitic & Pseudoolitic Packstone Submicrofacies, and Peloidal Grainstone 
Submicrofacies, as their crystals assume shapes ranging from none faces to almost 
completely faces  within bundles of dissolving veins.  As these veins form suitable 
channels for the growth of dolomite lozenges, and this is consistent with what [9] 
referred to about accompanying this type of dolomite to dissolving veins, plate (2-2) and 
(2-3). 
3-Selective replacement dolomite 
     This dolomite is present in the form of smooth rhombic crystals distributed within the 
microcrystalline base, or it may be in the form of clustered clusters, as their presence is 
very little within the facies of the study area. 
     There are several methods for dolomite formation, the most important of which is 
evaporation and the formation of sabkha, and the second method is (reflex) method, the 
fresh or marine mixed water method, the hydrothermal model or the burial compaction 
model. 
      This type was observed in the study area in the form of dolomite lozenges affected 
by the compaction process resulting from enrichment of solutions of the rock with 
magnesium expelled from clay minerals during pressure dissolution processes and 
arranged in the form of overlapping crystals without affecting fossil structures [19], as in 
Fossiliferous Lime Mudstone Submicrofacies, plate (2-4). 
4) Formation of authigenic minerals 
      Localized minerals are known as those minerals that arise locally in the same place 
after sedimentation as a chemical product [15]. 
     Among the many localized minerals that are found in carbonate rocks, which were 
mentioned before [15], few of these minerals were noted in the current study, such as 
pyrite, which recognized a clear appearance within the formation rocks of the study area, 
and it is either in the form of small cubes scattered irregularly within the microcrystalline 
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base or be filled with the voids of some Skeletal grains and their debris and fragment, 
and at other times it is accompanied by some debris and fragment, and dissolving 
channels of stylolite in this case it will negatively affect the reservoir properties because 
it will reduce the porosity, if these types can be distinguished in conjunction with 
Bioclastic Wackestone Submicrofacies, Benthonic foraminifera Wackstone 
Submicrofacies, and Green Algal Wackestone - Packstone Submicrofacies, plate (2-5). 
The presence of pyrite reflects reductive conditions as a result of anaerobic 
decomposition of organic matter by anaerobic bacteria [8] . 
       Formation rocks also contain very small quantities of silica, which are either of a 
movable clastic sediments (Quartz)origin, reflecting sub-continental effects on the 
sedimentation basin, as they have been observed in some Bioclastic Argillaceous Lime 
Mudstone Submicrofacies, plate (2-6), which indicates the prevalence of high shallow 
environment conditions. The temperature is as is the case in the supertidal environment 
according to [6]. As for the other case, the silica is of chemical origin from the local 
minerals arising as a result of the substitution of soft silica crystals drawn from the coral 
structures to replace the calcite crystals that spread throughout the formation rocks in a 
scattered manner from without reflecting a specific depositional environment by itself. 

5) Dissolution 

Dissolution processes are among the earliest diagenesis processes that most occur on 
rocks immediately after sedimentation and affect the reservoir characteristics positively 
of rocks of Yamama formation with varying intensity through increased porosity and 
then permeability. It may be a complete or partial dissolution of unstable or less stable 
rock components from the minerals side, or the dissolution is selective so that 
Grandmass, Grains, or Cement can be dissolved [20], as [3] defined the dissolution 
process as an active and effective process in dissolving Shells of fossils whose walls 
are made of unstable limestone minerals such as magnesium-rich calcite and aragonite 
(foraminifera, shells of mollusks and algae) by solutions, leaving their place voids, and 
they affect the grandmass, creating voids and gaps, as some of these voids are partially 
or completely filled with cement, calcite or Micrite, the other part, it remains in the form 
of cavities.  
[4]  stated that the solubility depends on the mineralization of carbon rocks and the 
chemistry of the water, and many other researchers have mentioned that the 
temperature, the nature of the water, the hydrostatic pressure, the percentage of (CO2), 
as well as the acid function (PH) and other factors that affect the solubility as well as the 
occurrence of this process is concentrated in very shallow environments below sea level 
or which are exposed to the air sometimes, i.e. within the Vadose Environment due to 
the increase in the presence of (CO2), which leads to the formation of weak acid 
solutions that dissolve the carbon components during the passage of this water in 
Vadose Zone. The dissolution process is observed in the formation of rocks through the 
dissolving of fossil structures and the formation of types of pores, meaning an 
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improvement in porosity, and it is worth noting that the solubility is also affected by the 
size of the crystals, the smaller they are, the greater the solubility [15]. 
     There is another type of dissolution, which was diagnosed within the rocks of the 
Yamama formation, which is called (Selection Dissolution) resulting from the exposure 
of the ground composed mostly of calcite and low magnesium in Grainstone Facies and 
Packstone Facies to the dissolution process leaving voids of different sizes called (Inter 
re-crystalline porosity)  and clearing the way for hydrocarbons to pass through due to 
the increase in porosity and permeability. 
6)  Micritization  
     The micritization process is represented by the perforation and erosion of the 
surfaces of the skeletal grains and None Skeletal grains by some algae, bacteria, and 
fungi, and then these holes are subsequently re-filled gradually with these decomposed 
algae and the continuation of this process and the increase of these holes and their 
contact leads to the formation of an opaque outer covering surrounding the grains, its 
outward form. The effect of this perforation process extends to the inside of the granules, 
leading to the breakdown of the inner tissue of them, forming amorphous granules 
called Peloids, known as Peloidization [2] . 
   As for Facies of the study area, it was observed that the majority of fossils, especially 
Benthonic Foraminifera, were exposed to a partial or total refractory process that also 
included Oolites, some shells, and algae fragments, and it was observed that this 
process is often associated with the emergence of organic pyrite and the organic 
activities carried out by algae, bacteria, and fungi. Within the open lagoon facies and 
open sea facies, plate (3-1). As for the Shoal facies, it was observed that the action of 
the micritization is most often partially forming a microscopic envelope of granules, 
especially the Oolites, plate (3-2). [25] pointed out that the micritization process does 
not adhere to a specific sedimentary system or state as it is associated with different 
facies within different sedimentary environments, and it also has a negative impact on 
the primary porosity as the micrites resulting from algae closes the pores on the one 
hand and increases the compaction of the particles on the other hand, but it was noticed 
that their effect varied in the different reservoir units within the study area based on their 
facies properties, as the facies with compact grains support of Oolites and Peloids are 
characterized by the presence of high initial porosity, which reduced the effect of the 
micritization process, while the effect of the micritization process on Mudstone Facies 
and Wackestone Facies was relatively strong. 
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7) Compaction 

      Compaction processes are late diagenesis processes, and it can be defined 
according to [8]  as the process that occurs as a result of the influence of the 
overburden of the sedimentary cover, which leads to rearrangement of the grains and 
the reduction of the size and porosity of the primary sediments and the convergence of 
the grains from each other by expelling Liquids that occupy the pores between the 
grains, thereby reducing the overall size of the rocks, will therefore have a negative 
impact on the reservoir properties of the rocks, and can be inferred through the 
shattering of the structures of some fossils, shells and algae residues, increasing the 
surface area of the grains and through the contact boundaries between the grains as 
well. This can be seen in Yamama formation rocks with varying intensity, as it is found 
within some Mudstone facies in open lagoon environments when the clay content and 
fine-grained associated in some cases increased to some cracks and fractures as a 
result of the increased impact of the compaction process, while the effect of compaction 
decreases with increasing Skeletal grains and Early Cementation and Dolomitization 
processes [15]. There is another type of pressure known as (pressure solution) and this 
typically occurs as a result of dissolving calcareous materials or crystals forming 
surfaces known as (stylolite) and representing a late stage of diagenesis processes [14] 
and occurring immediately after the end of compaction processes and hardening of 
rocks as a result of forces exerted upon the surfaces of the grains, and this, in turn, 
leads to the dissolution of the mineral calcite, which was deposited again as a cement 
material filling the voids, as the dissolved materials such as organic materials, iron 
oxides, clay minerals, and dolomite crystals may be concentrated on these surfaces, 
since this type of pressure is directly proportional to the depth of the burial, as 
compaction is classified the processes, according to many researchers, fall into two 
main categories: 
1-Mechanical Compaction 
   It is the compaction resulting from the weight of the upper rocks and leads to re-
orientation or sometimes smashing of the grains and also reduces the porosity and 
thickness of the layers . This type of compaction effects when the burial depth is greater 
than (300m) due to the loss of limestone to its subsidence at this point [21]. This can be 
seen in some facies of the study area with granular support, causing the agglomeration 
of its grains and sometimes leading to its breakage and forming some fine fractures and 
cracks in it, such as some Green Algal Wackestone - Packstone Submicrofacies and 
Packstone Facies, plate (3-3). 
2-Pressure Solution 
[3] defined  Pressure Solution as the process in which grains are dissolved at their 
points of contact as a result of being stressed. This process is accompanied by the re-
sedimentation of the dissolved mineral materials at the points of contact or the 
deposition of new minerals in the adjacent sites that are not subjected to stress, so 
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pressure solutions are an important source in providing lime material for cementation 
[15]. The current study indicates the existence of a type of Pressure Solution known as 
(Stylolite), which is defined as wavy surfaces consisting of conical protrusions to vertical 
protrusions of different levels, thus reflecting the different locations of points and 
surfaces of grains or compact rock bodies. As a result, the insoluble residue collects as 
flakes and veins. Extended within sediments [15]. Among the types of Stylolite that 
could be diagnosed in the study sediments are : 
A-Peak-Low Amplitude Stylolite 
   It is shaped like zigzag lines of little heights and different angles and was diagnosed at 
some Mudstone Facies and Wackestone Facies, plate(3-4). 
B-Columnar Stylolite 
   It is present in the form of columns of different phases and capacities, as it can be 
observed within some Packstone Facies and to a lesser extent within Wackestone 
Facies, Plate(3-5). 
C-Irregular anastomosing Stylolite 
   It is commonly found in the rocks of the study area and is in the form of a group of 
Stylolite surfaces intersecting with each other irregularly and at different angles in the 
form of a grid extending between the grains, as this condition occurs within some 
Packstone Facies and a few Wackestone Facies, plate(3-6). 
 
Porosity types in Yamama rocks 
     Porosity is defined as the ratio between the size of the pores to the total volume of 
the rock, or it can be defined as a measure of what the rock contains in terms of voids 
and pores that contain reservoir fluids as one of the most important reservoir properties 
[24], and the porosity in limestone is usually not homogeneous. It has different origins, 
not like clastic rocks, due to the influence of limestone by diagenesis processes, most 
notably dissolution, fracturing, dolomitization, and cementation, which can change the 
size and quantity of pores in limestone, some of these diagenesis processes may 
increase and others, on the contrary, may decrease the size of pores and thus reduce 
the values of porosity. Porosity is mainly divided into two types, depending on its stages 
of formation: 
1-Primary porosity: the porosity formed at the end of the sedimentation process. 
2-Secondary porosity: the porosity formed after sedimentation and due to diagenesis 
processes. 
 
There are many classification systems for porosity in limestone, some of which depend 
on the type of pores and their origin and some on pore engineering or the relationship 
between porosity and diagenesis or the relationship between the type of rocks and the 
type of pores in them, but the most used classifications in studies are classification [7] 
Explaining the types of porosity and depends mainly on the type of pores, the 
continuation of the pores, the size of the pores and their abundance, due to his 
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emphasis on the relationship of the basic rock tissue to the pore development over time 
and its relationship to the sedimentary system with early and late diagenesis processes. 
There is another classification that divides the pores according to the petrophysical 
properties of the rocks, known as the classification [22]. 
1-Interpartical Porosity 
It is the one that gives porosity to the groundmass, depending on the size and sorting of 
grains or crystals and the degree of their crystallinity. And it considers from primary  
porosity that occurs between grains , also can occurs during the deposition [17]; [4].Two 
types of this porosity have been observed, the first type is located within the ground with 
a grained base (Grain-dominated fabric). It was observed in the study area within some 
Packstone Facies and Grainstone Facies, but in a small way, plate (4-1). While,  the 
second type is located within the (mud-dominated fabric floor) and is located in 
Wackestone Facies and Mudstone Facies, plate (4-2) leaving room for the passage of 
hydrocarbon materials. But when they come into contact with each other during 
Dolomitization or Cementation, they remain porous and ineffective and not important for 
oil production. 
2-Vuggy Porosity 
     This type of porosity is the result of the dissolution of irregular shape and size, and it 
is dependent on the early and late diagenesis processes [17], and is divided in turn into 
two main types: 
A. Separate – Vug pore space 
Among the types that were distinguished from them in the current study area as follows: 

 Moldic Porosity: It is the porosity resulting from the effect of selective dissolution of 
the primary components of rocks, especially the biological components, as it was found 
in the Rocks of  Yamama formation commonly in most sediments of the study area and 
was especially noticed in Wackestone Facies characterized by the loss of its primary 
contents, especially the biological components such as algae, mollusks, and 
foraminifera, while still being moldy, plate (4-3), this porosity is isolated and small in size, 
which made it neglected and not useful in terms of potential. 

 Intra-fossils Porosity: This porosity is present within the Skeletal grains, especially 
within the Benthonic Foraminifera chambers, as internal structural spaces related to the 
fossil are considered, plate (4-4), and these pores may increase in size when exposed 
to dissolving, and this type of porosity has a very weak effect in improving permeability 
and that because pores are disconnected. 
B- Touching – Vug pore space 
It is possible to distinguish two types of continuous porosity in the study area: 

 Solution enlarged Fractures: The result of selective dissolution that leads to 
expansion (moldic pores) or by the action of cracks and is of different channel sizes and 
shapes, including small and large, plate (4-5), as it is observed in most Facies of 
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formation. This type of pore is considered the best in terms of its positive effect on 
permeability due to its large size and openness to each other,plate (4-6).  

 Fractures Porosity: This type of porosity is one of the factors controlling 
permeability in many calcareous reservoirs. Its origin is in tectonic processes or 
because of some collapses, and it is in the form of cracks and veins, as it has been 
observed in some Mudstone Facies, but very little, plate (4-7). 
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Plate (1) 

1 

4 

5 6 

2 
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1- Bioclastic Wackestone -  Packstone Submicrofacies (Equant granular cement) (Rt-5, 3931m) 10X                                                         

2- Bioclastic Wackestone Submicrofacies (Equant granular cement) (Rt-7, 3687.5m) 10X 

3- Bioclastic Wackestone Submicrofacies (Syntaxial Rim cement) (Rt-3, 3732.5m) 10X 

4- Bioclastic Wackestone Submicrofacies (Blocky Cement) (Rt-5, 3849.5m) 10X 

5- Bioclastic Wackestone Submicrofacies (Blocky Cement) (Rt-3, 3752.5m) 10X 
6- Bioclastic Argillaceous Lime Mudstone Submicrofacies(Neomorphism)(Micrite-Microsparite) 

(Rt-5, 3874m) 4X 

7- Fossiliferous Lime Mudstone Submicrofacies(Neomorphism)(Micrite-Pseudosparite) (Rt-7, 

3798.5m) 10X 
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Plate (2) 
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3 4 
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1- Fossiliferous Lime Mudstone Submicrofacies (Xenotopic Dolomite) (Rt-7, 3798.5m) 4X 

2- Peloidal Packstone Submicrofacies (Solution seams associated dolomite) (Rt-7, 3789.5m) 4X 

3- Peloidal Grainstone Submicrofacies (Solution seams associated dolomite) (Rt-3, 3713.5m) 4X 

4- Fossiliferous Lime Mudstone Submicrofacies (Selective replacement dolomite) (Rt-3, 3728.5m) 
10X 

5-  Benthonic foraminifera Wackstone Submicrofacies (  Formation of authigenic minerals –Pyrite) 
(Rt-7, 3800m) 4X 

6- Bioclastic Argillaceous Lime Mudstone Submicrofacies (  Formation of authigenic minerals – 

Quartz) (Rt-5, 3807.5m) 4X                                                  
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Plate (3) 
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5 6 

3 

1 2 

1- Fossiliferous Lime Mudstone Submicrofacies (Micritization) (Rt-3, 3754.5m) 4X 

2- Peloidal Grainstone Submicrofacies (Micritization) (Rt-3, 3713.5m) 4X 

3- Peloidal Wackestone Submicrofacies (Mechanical Compaction) (Rt-3, 3703.5m) 4X 

4- Peloidal Wackestone Submicrofacies (Peak-Low Amplitude Stylolite) (Rt-3, 3703.5m) 10X 

5-  Peloidal Packstone Submicrofacies (  Columnar Stylolite) (Rt-7, 3789.5m) 10X 

6- Benthonic foraminifera Wackstone Submicrofacies (  Irregular anastomosing Stylolite) (Rt-7, 

3800m) 4X                                                  
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Plate (4) 
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1- Oolitic & Pseudoolitic Grainstone Submicrofacies  (Interpartical Porosity _Grain-dominated 

fabric ) (Rt-3, 3692m) 4X 

2- Bioclastic Wackestone Submicrofacies (Interpartical Porosity_ Mud-dominated fabric ) (Rt-

3, 3699m) 4X 

3- Bioclastic Wackestone Submicrofacies (Moldic Porosity) (Rt-7, 3774m) 10X 

4- Bioclastic Wackestone Submicrofacies (Intra-fossils Porosity) (Rt-3, 3703.5m) 10X 

5-  Bioclastic Wackestone Submicrofacies ( Solution enlarged Fractures) (Rt-5, 3885m) 4X 
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Diagenetic Environments 
      Diagenetic environments are those environments in which post-depositional 
changes have taken place, and they are divided into several main environments or 
diagenesis zones, the most important of which are the Fresh Water Vadose 
Environment (above the groundwater level), Fresh Water Phreatic Environment (below 
the groundwater level), Mixing Zone Environment, and marine environments [20]. By 
diagnosing and classifying diagenesis processes, whether constructive or destructive, 
that affected Yamama formation, it became possible to deduce the diagenetic 
environments in which these processes took place. By comparing what was found in the 
current study with the views of [20]; and [7], it was found that Yamama formation during 
its history underwent diagenesis in the following diagenetic environments: 
1-Fresh water Phreatic Environment 
      Most of the limestone deposits in Yamama formation usually began their diagenesis 
history in such an environment, as this environment is characterized by the full filling of 
the sediment pores in it with fresh groundwater containing an amount of calcium 
carbonate, as the chemistry of this water is affected by the depth of the water, which 
includes temperature and calcium carbonate saturation ( CaCO3) [20]. Dissolution 
processes, pore formation, especially Moldic porosity, Intra-fossils Porosity, and 
Solution enlarged Fractures are among the most important diagenesis indicative of 
Yamama sediments undergoing such an environment, as well as Neomorphism and 
Cementation with Equant granular cement and Syntaxial Rim cement. 
2-Fresh water Vadose Environment 
      This environment is located within the confined area between the earth's surface 
and the groundwater level [20], and is affected by the daily tidal phenomena because 
the main characteristic of this area is the process of continuous washing with 
unsaturated water and sometimes acidic water, which causes dissolution and formed 
Moldic porosity that has been observed in some Wackestone Facies, Packestone 
Facies, and Grainstone Facies, as well as a cementation process as differentiated 
Equant granular cement and Blocky Cement. 
3-Mixing Zone Environment 
     This process is characterized by the fact that the water in it (Brackish water) is a 
result of the mixture of freshwater with marine or ground saltwater [20]. and the most 
important diagenesis processes that affect this environment is the dolomitization 
process, in this case on the subjection of Yamama formation to the effects of this 
environment is highlighted here. 
 
Diagenetic Sequences for Yamama Formation sediments 
    As a result of the different Diagenesis environments that Yamama formation 
underwent during its history of diagenesis and the diversification of diagenesis 
processes that took place in it, and as a result, the degree of sedimentation effected by 
diagenesis processes, as well as the types of those processes varied from one site to 
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another, and the cementation process is the basic diagenesis process that affected 
rocks. The formation was balanced, along with the dissolution process, and thus the 
most important stages of the succession of the influence of diagenesis processes on the 
formation sediments and the porous structure in them can be identified as follows: 
    Micritization represents the first diagenesis processes that begin to affect during and 
after sedimentation, that is, after the process of Lithification of sediments, as algae and 
fungi perform a process of perforating rock components, especially Skeletal grains, 
filling them with dark or black micrites. Their development has been clearly observed in 
most facies and various sedimentary environments especially on Benthonic 
Foraminifera and algae pieces. Then second process here is the dissolution process, 
which is one of the most important developmental stages of building the porous system 
and has a wide impact on the components and tissues of the formation rocks within the 
Phreatic Environment, represented by the intense dissolution of grains, especially those 
composed of particles of the mineral aragonite and high calcium, due to the entry of 
freshwater, and with increased saturation, the gradual process of water with dissolved 
calcium carbonate led to the start of a new phase of cement deposited in the form of 
primary cement between and inside the grains [15]. Then re-deposited in the form of 
Syntaxial Rim cement on the surfaces of the grains as echinoderms fragments in early 
diagenesis processes (Cement-A) by this process, the first phase of (Vuggy porosity) 
and (Solution microchannels) arises in high to medium proportions, and this diagenesis 
process takes place within the upper part of the Phreatic Environment called 
(Undersaturated), and after increasing the movement of this water it will be saturated 
with dissolved calcium carbonate ions forming the (active zone), which represents the 
second zone of the phreatic environment, as it represents the basic stage of the 
cementation process, whereby carbonate crystals precipitate Calcium is directed 
towards the center of the vugs in the interstitial spaces evenly for the surfaces of the 
grains and in different phases. The most widespread of these phases within the rocks of 
the study area is Equigranular cement. 
     From here begins the stage of a marked decrease in porosity and then begins a new 
phase of the dissolution and cementation processes, at which the water becomes 
supersaturated with calcium carbonate ions (Supersaturated) and has limited movement 
within the (Lower part of the phreatic zone) forming a somewhat high moldic porosity 
with fine granular cement Crystallization, which increases in the last stage, thus 
reducing the porosity. The transition to a new stage of Diagenesis processes represents 
the increase in the entry of freshwater into the freshwater Vadose Environment, at this 
stage, the dissolution process in this environment plays an influential role through the 
process of continuous washing by unsaturated water, which causes dissolution and the 
formation of various types of pores. The deformation of different types of grains and this 
process was balanced with the cementation process that affected its rocks, such as the 
formation of Blocky Cement, which reduces the porosity at the sedimentary zone in the 
lower part of this environment. 
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     As for when the sea level recedes, this area exposed in wet areas will be exposed to 
the emergence of freshwater and mixes with the remainder of the retreating salty 
seawater or is likely to be mixed with Ground saline water, and in both cases, it will lead 
to the formation of the third environment called (Mixing Environment), which is, as a 
result, the environment for the emergence of the primary mineral dolomite with small-
sized grains and secondary dolomite with large lozenges. Because of the compaction 
process and as a result of the heaviness of the sediments, a new phase of diagenesis 
processes will start, represented by the partial dolomitization process, pressure solution, 
and Neomorphism. 
     From the above, it is clear that all of these diagenesis control the construction of the 
porous system and thus the performance of the reservoir's efficiency overproduction. 
 
Conclusions 
     Yamama formation appeared in Ratawi field a rather complex system of facies due 
to the apparent change in facies gradually one towards the other and overlapping with 
each other for reasons that could be sedimentary, and this is evident through the 
difference and the heterogeneous distribution of these facies or because of the 
influence of the formation rocks. With a number of variable and complex diagenesis 
processes that, in turn, positively or negatively affect those rocks and their reservoir 
characteristics, the most important of which is dissolution and cementation, along with 
many other diagenesis processes, including micritization, compaction, and 
dolomitization. 
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