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Sammanfattning 
 
Styloliter i kalksten - en studie om styloliters morfologi och dess påverkan på 
porositet och permeabilitet av kalksten  
Kristoffer Norman 
 
Styloliter är formationer av upplöst material i kalksten genererat från överliggande 
tryck, när det överliggande trycket ökar, korrelerar detta med en reduktion av 
tjockleken på det sedimenterade materialet och stylolitutveckling börjar ta form. 
Således kan kunskapen om styloliter användas i frågor angående hur omfattande 
reduktionen av porositet och permeabilitet är och således hur morfologin på styloliter 
kan tolkas. Presentationer av tre huvudtyper av styloliter kommer ske i den här 
rapporten, rektangulära styloliter, wave-like styloliter och wispy seam styloliter. Dessa 
tre typer av styloliter har olika egenskaper gällande mängden ackumulerat olösligt 
material i deras sömmar, kontinuiteten av deras olösta material och styloliternas 
amplitud. Formationen av styloliter är starkt beroende på hur litologin hos värdstenen 
ser ut. Heterogenitet främjar ”pinning” av partiklar som genererar kantiga styloliter 
med hög amplitud. Homogenitet hämmar således pinning av partiklarna och en lägre 
amplitud hos styloliten tar form. Det lösta materialet i styloliten är viktigt för hur 
egenskaperna hos reservoaren ser ut. Om materialets beståndsdelar främjar en 
kontinuitet genom hela stylolitens söm genererar detta en bra barriär för cross fluid 
flow. 
 
Nyckelord: Stylolit, kalcium karbonat, porositet, permeabilitet, tryckupplösning 
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Abstract 
 
Stylolitization of Limestone - a Study about the Morphology of Stylolites and Its 
Impacts of Porosity and Permeability in Limestone 
Kristoffer Norman 
 
Stylolites are pressure dissolution formations in carbonates or other sedimentary 
rocks that occur due to overburden pressure, as overburden pressure increases a 
correlation with bed thickness reduction and stylolitization begin. Stylolitization can 
thus be used in order to increase the knowledge of reduced bed thickness due to 
overburden pressure and the reduction of permeability and porosity. There are three 
main types of stylolites which is presented in this thesis, rectangular stylolites, wave-
like stylolites and wispy seam stylolites based on the initial surface of compaction. 
These three types of stylolites have different properties regarding the amount of 
accumulated insoluble material in their seams, discontinuousness of their seam 
material and difference in amplitude. The formation of stylolites is highly dependable 
on the lithology of the host rock, heterogeneity will promote pinning of particles which 
would create a higher amplitude and rectangular stylolites. A homogeneous lithology 
would promote a smaller amplitude and thus wispy or wave-like stylolites. The 
continuousness of the solute material in the seam is important as it will effect he 
properties of cross fluid flow in the limestone. 
 
Key words: Stylolite, calcium carbonate, porosity, permeability, pressure dissolution. 
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Introduction 
Stylolitization is a widespread diagenetic process in oil and gas carbonate reservoirs 
around the world, a great abundance of these carbonate reservoirs are located at the 
Arabic peninsula such as in Abu Dhabi, United Arab Emirates (Alsharhan and Sadd, 
2000; Morad et al., 2012).  Despite this, there are important issues about 
stylolitization in carbonate rocks, which are still poorly constrained, controversial and 
thus need more research. These issues include: (1) the parameters (e.g. roles of clay 
minerals, rock texture and fabric, and lithology) controlling the onset and progress of 
stylolitization during burial diagenesis, and (2) the impact of stylolitization on extent 
and timing of fluid flow, and hence on diagenesis and its role in reservoir-quality 
evolution of their host carbonate rocks.  The presence of diagenetic minerals along 
stylolites and seams has led some authors to conclude that stylolitization and related 
fracturing are associated with fluid flow (Neilson & Oxtoby, 2008). Moreover, fluid 
flow along stylolites has been suggested to influence petroleum generation and 
migration (Baron & Parnell, 2007). The development of stylolites and precipitation of 
cement along them are commonly thought to be slowed and/or halted by oil 
emplacement, and hence contributing to the diagenetic differences between oil and 
water zones ( Neilson & Oxtoby, 2008). Studies concerning stylolitization of anticlinal 
structures regarding enclosing of hydrocarbons has been made (Koepnick, 1988) 
regarding the principal oil reserves in Abu Dhabi. These reservoirs of hydrocarbon 
are in stylolitized limestone of Lower Cretaceous age, entrapped in enormous 
anticlinal structures at 2-4 kilometers depth (Sadd & Alsharhan, 2000). Stylolites are 
results due to an increasing overburden sedimentation or tectonic pressure, that 
effects the grains within the carbonate rock to dissolute and propagate seams (Sadd 
& Alsharhan, 2000) 

Purpose 
The purpose of this thesis is to present and explain important parameters controlling 
the stylolitization of limestone.  

Method 
Research has been made from scientific papers regarding stylolitization of limestone. 
Examples of stylolitization of carbonates from the Thamama group in the United Arab 
Emirates are presented. Samples of thin sections from different boreholes in Abu 
Dhabi has been studied and observed stylolites will be presented in this thesis. 

 Background  
To understand the properties of carbonated rocks the process concerning the 
development has to be explained, and the correlation between the biological 
processes of how carbonates are first form. Deposition of biogenic carbonate 
sediments abundant is controlled by the activities and types of organisms which 
secrete skeleton made of aragonite and/or calcite. Loose carbonate sediments are 
lithified by compaction and cementation at near-surface conditions (e.g. on and 
immediately below the seafloor) and during progressive burial (Garrison, 1981). The 
thickness of these carbonated regions can be several hundreds of meters and host 
most of the hydrocarbons (Mallon & Swarbrick, 2007).                                                                             
The difference in the properties of the rocks between a non-reservoir layer and a 
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reservoir layer can determine the cross-fluid flow through the boundaries between 
these barriers. The properties of capturing hydrocarbon fluids and create a low 
permeability barrier between two carbonate rocks is of major importance when 
prospecting after oil (Mallon & Swarbrick, 2007). The timing of stylolitization is still 
controversial (Sadd & Alsharhan, 2000). There are three kinds of theories, pre-
induration, post-induration and the third type that says that only the rectangular well 
developed saturated seams are post-indurated.  Other earlier theories has been 
presented by Marsch (1867) that the formation depends on the differential vertical 
compaction before lithification. Stockdale (1922) proved that stylolites form in lithified 
carbonate rock and that clay caps is a result as a solution residue. Shaub (1939) 
contradicted Stockdale’s solution theory by measuring the clay cap and the clay 
concentrations of the rock and determined that the clay cap is sedimentary and that 
stylolites form when the rock is still plastic and it starts to dewater. Deelman (1975) 
suggested that plastic deformation occur rather depending on crystal lattice 
dislocation then pressure dissolution, which then formed post-induration stylolites. 
Stylolites have been suggested to develop along textural discontinuities e.g. between 
mudstones and grainstones. Stress creates increments of pressure in the rock and 
up to a certain level the rock starts to dissolve in order to release the pressure. The 
uneven formations of stylolites can be explained by that the rock is uneven soluble 
through the section. But overall the conditions that determine the initial type of 
stylolite is not yet fully understood. Horizontal or subparallel to bedding stylolites 
would indicate that no tectonic event has occurred since then the stylolites would 
have been transverse or inclined (Sadd & Alsharhan, 2000).  

Types of stylolites 
An irregularity of the formation of stylolites is often common and the amplitude of the 
stylolite is often on the scale of centimeters, stylolites occur along contact surfaces 
where pressure dissolution of calcium carbonate occurs due to stress exerted by 
overburden pressure (Burgess and Peter, 1985). Stylolite amplitude can be used as 
an indicator of minimum thickness of the sedimentary section removal (Sadd & 
Alsharhan, 2000). Measurements of stylolite amplitude often implies the minimum 
reduction of the section, an estimate of the minimum section that has been removed 
due to pressure solution (Stockdale, 1922). As the dissolution continues due to 
progressing overburden pressure, insoluble particles starts to fill the vein and 
reducing the fluid cross-flow through the vein. The rate of sedimentation and the 
amplitude of stylolite does not necessarily have to correlate. The abundance and 
frequency of the stylolites are more proven to be at the flanks of the anticline rather 
than on the crest, this might be correlated with the rate of pressure that varies 
through the profile of the anticline. (Dunnington, 1967; Koepnick 1988). 

 

Rectangular or high amplitude Stylolites 
These following three classifications has been presented by Koepnick (1988) and 
Sadd & Alsharhan (2000). Stylolites with highest amplitude formations is associated 
with a later stage of stylolitization and are commonly observed to fractures which is 
unrelated with structural uplift (Sadd &Alsharhan, 2000). Sub vertical fractures may 
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occur due to a weakening developed by the dissolution of calcium carbonate in the 
high amplitude stylolite lateral seams. The accumulation of insoluble residue is at 
highest in the stylolites peaks or head seams and typically less of the residue is 
collected along the stylolites lateral seam. Due to the poor accumulation of insoluble 
discontinuously residue in the lateral seam, this kind of stylolite is considered to be a 
poor barrier for vertical fluid-cross flow. In contrast to stylolites with a thicker 
continuous lateral seam which is considered to be more effective as a barrier for 
cross fluid flow (Sadd & Alsharhan, 2000). Rectangular stylolite is presented in figure 
1 part 1.  

 

Figure 1. Optical photomicrograph (XPL): Rectangular stylolite in limestone  

Dissolution seams or wave-like stylolites 
Solution seams or wave-like stylolite has a steady amplitude pattern that is not 
exceeding 1 cm. This kind of stylolite has a continuous layer of residual seam 
material throughout its surface and a residual thickness of 1 cm. These stylolite tend 
to form during early stylolitization due to chemical compaction. These stylolites are 
formed in the transition between porous and less porous limestone as they might 
form singly or in groups (Sadd & Alsharhan). They also might to subdivide into 
several branching stylolites that later interconnect creating a continuous network. 
Such a formation indicates several stages of stylolitization (Park & Schot, 1968). As 
these stylolites are common in impermeable stratigraphic intervals (Koepnick, 1988) 
and have a high rate of insoluble residue buildup which will decrease the fluid cross 
flow. The laterally continuousness with the stylolite is therefore associated as an 
impermeable unit and important as barriers for fluid cross flow. Solution seams are 
also common in networks of wispy seams (Sadd & Alsharhan, 2000). Dissolution 
seams or wave-like stylolites are presented in figure 3 part 2. 
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Figure 2. Optical photomicrograph (XLP): Solution seams in calcium carbonate. Amplitude 
relatively low compared to rectangular stylolites.  

 
Wispy seams or Horsetail stylolite 
Low amplitude stylolite (<1mm) mostly common in very thin laminated argillaceous 
limestone and is often disconnected. This kind may form a significant barrier to fluid 
cross flow and are commonly associated as impermeable stratigraphic units in the 
reservoir (Sadd & Alsharhan, 2000). Wispy seams or Horsetail stylolite is presented 
in figure 3 part 3.  
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Figure 3. Three types of stylolites with various in the lower cretaceous Thamama group in 
U.A.E. Fig 1 is reproduced from Sadd & Alsharhan, 2000.  

Formation of stylolites  
The formation of stylolites is known to be formed perpendicular to the compressive 
stress that may come from overburden pressure or tectonic event. Concerning 
stylolitization due to overburden pressure, the formation is parallel to the bedding, 
this is only sustained if the compression direction is constant and does not change. In 
the case of tectonic event, stylolites tend to be transverse to the bedding plane and 
therefore generates a good indication of the compression history of the zone (Rigby 
1953).  Lynn et al (1997) are comparing bedding-parallel and transverse stylolites 
from the U.S Appalachians in order to determine possible differences. The cross 
cutting of stylolites in transverse systems can be used as a tool to age determinate 
the process of stylization. Stylolitization occurs due to tectonic stresses or increase of 
overburden pressure rock. The pressure dissolution begin at 300 meter of burial 
depth (Sellier, 1979) and as the process of overburden pressure continues, the stress 
and pressure dissolution increases (Dunnington, 1954, 1967).  Knowledge about the 
significant of burial depth has been discussed and conclusions made by Bathurst 
(1980) implies that a pressure dissolution does not start until a significant burial of the 
sediment has begun. Suggestions of burial depth where stylolitization begin has been 
presented and discussed by several authors. Dunnington (1967) presented the depth 
to be between 600 to 900 meters in carbonate reservoirs in the Bab oil field in the 
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UAE. As for the Aguitaine basin in France, Sellier (1979) suggested that stylolites 
begun to propagate at 300 meters of depth. Schlanger (1964) suggested that 
limestone with a high clay content need lesser burial depth and might only need 90 
meters of burial depth for the stylolites to grown. Other factors as water chemistry, 
presence of clay minerals and presence of organic material may also enhance the 
process of stylization regardless of burial depth (Sadd & Alsharhan, 2000).  

 
How stylolite formation depends on lithology 
The difference of host rock is implied to be of importance concerning the 
development of the morphology of the stylolite. Mud-supported rocks such as 
mudstones and wackestones have a statistically difference in stylolite morphology 
than host rocks that are classed as grain-supported rocks such as packstone and 
grainstone (Lynn et al, 1997). When determine stylolites as indicators for the 
properties of the lithology, one can refer to offsets or lateral seams. The offset 
difference in mud-supported versus grain-supported rocks are almost twice the length 
in grain-supported. This implies that the propagation of the stylolite is more favorable 
in a grain-supported rocks probably influenced by a greater porosity in the grain-
supported rock and hence promotes an effortless propagation of the stylolite (Lynn et 
al, 1997). Studies performed by Sadd and Alsharhan (2000) concerning stylolite 
development in the Bab oilfield, which is a part of the lower cretaceous Thamama 
group outside Abu Dhabi, suggest that the rate of lithification is correlated with the 
amplitude of the stylolites. The Thamama group is a carbonate formation in the U.A.E 
which is divided into several zones of porous hydrocarbon bearing limestones. 
Stylolites in the Thamama group has been observed to occur in the transition 
between different lithologies. In the more lithified zone of carbonates the abundance 
of stylolites with amplitudes to 35 cm are present. However in the less lithified zones 
stylolites with the shapes of wispy seams with 1 cm is more common (Sadd & 
Alsharhan, 2000). There is a correlation with stylolite frequency and stylolite 
amplitude from the crest to the flanks of the anticline in the Bab oil field. Stylolites in a 
water zone has a far greater amplitude (average 17.0 cm) then compared to these in 
the oil zones where the amplitude is average 5 cm. The implication of porosity and 
permeability is greatly associated with the intensity of the stylolites. Thus a high 
intensity of stylolites will affect the properties of the reservoir and create a tight barrier 
to prevent vertical fluid flow and therefore also reflect the porosity and permeability of 
the rock.  In other words, highly stylolite zones can be excellent reservoirs due to its 
capability of reducing vertical fluid flow (Sadd & Alsharhan, 2000).   

Morphology of stylolites 
The origin of stylolites are most commonly referred to pressure-dissolution contacts 
and the serrated shape depend on the heterogeneity in solubility between the two 
contact layers that the stylolite is formed within. If one layer has more or less the 
same solubility as the other layer, then a more planer seam will take shape. The 
initial setup of an interface that has not yet been affected by pinning is presented in 
figure 2 (a). The irregularity of the dissolution of particles in carbonates depends on 
the content ratio of each element, implying that a greater difference in dissolution rate 
between each element will initiate the formation of the stylolite. When stylolites are 
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created in a homogenously rock a lesser form of roughness procreates and so only 
from one direction (Kohen et al., 2007). The irregularity of the dissolved surface is 
due to that the homogenously particles tend to dissolve in the same rate and are 
therefore affecting the stylolites structure with the same speed and disconformity. As 
demonstrated in figure 4 (b) the pinning of particles in a homogenously environment 
creates a less serrated morphology compared to figure 4 (c) where the morphology is 
more serrated and profund. The pinning of particles behave different if the stylolite 
propagates in a homogenously environment compared to a heterogeneously 
environment. In a heterogeneously environment the particles tend to pin with two 
larger particles from the same side of the stylolite and the formation of teeth’s start to 
form. The rate of formation of teeth’s can also show how the direction of pinning 
occurred. If the formation of teeth’s also pinning from the opposite direction the 
formation of the stylolite will evolve faster. This phenomena is presented in figure 4 
(d) and examples are demonstrated regarding the pinning of one or several particles 
from one or multiple directions. The properties of the pinning will affect the amplitude 
and wavelength when it intersect with the profile of the stylolite. This will then indicate 
which kind of lithological environment that were present during the time of the 
stylization. In a homogenously environment there are only particles pinning in one 
direction and therefore a more of a “pen” shape peak will form due to the one way 
direction if the pinning particle(Kohen et al., 2007).  
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Figure 4. (a) Initial setup with initial interface that has not yet been affected by pinning 
particles. (b-c) Progressive growth of stylolite, the particles are pinning in different directions 
and are creating a roughness of the interface. (d) Structures that are created of different 
pinning particles, a spike structure which is created by a particle pinning in one direction, 
teeth by two particles pinning in one direction and teeth by particles pinning in two directions. 
Reconstructed from fig 5 (Kohen, 2007) 

Solute material 
The dimensions of the stylolites is actually three dimensional and are shaped as a 
column (Bäuerle et al, 2000) and has its polar axis in the same direction as the 
principal stress. The stylolite is divided into a basal face and a head face (Figure 6), 
and the distance between these faces are considered as the amplitude of the 
stylolite. The stylolite can also be sub divided into a head seam and a lateral seam 
and due to the favored accumulation of dissolute in the head seam, the thickness is 
more profound in this part (Figure 6). According to Bäuerle et al (2000) the rate of 
dissolution as the stylolite propagates, is partly dependable on the amount of soluble 
material in the rock. Though the properties of the solubility within a rock may have a 
significant meaning to the rate of dissolution, it is not correlated with a certain stylolite 
morphology, and can therefore not be decided from a certain lithology (Bäuerle et al, 
2000). The seam material that in many cases fills the stylolite is relatively insoluble 
and is greatly dependable due to the nearby host rock and digenetic process. Many 
of the seams are filled with hydrocarbon bituminous material and also remains of 
minerals that have come from nearby host rock such as quartz, pyrite or other 
metallic sulfides. The clay content is also of great importance and may contain 
different clays as illite, chlorite and montmorillonite. The presence of clay which is 
corresponding to organic material, might though vary in proportion (Sadd & 
Alsharhan, 2000). Clay content is known to effect the diageneses of the rock, since 
non-argillaceous chalk has minor mechanical compaction due to the orientation of the 
grains that resist further compaction due to its set up of framework. According to 



9 
 

Mallon & Swarbrick (2007) the clay-rich non-reservoir chalks in the Central North Sea 
have a smaller grain-size radius at a shallower depth than non-argillaceous chalk.   

 

 

 
Figure 6. Describing the relations between the head seam and the lateral seam in a two 
dimension stylolite and shows that the accumulation solute material is higher in the head 
seam. Arrows explaining the stylolite axis and amplitude. Picture rewritten from Bäuerle et al, 
2000, fig 6. 

 

 

Figure 7. Optical photomicrograph (XPL): Accumulation of insoluble residue in stylolite 
head seam. Dissolution of dolomite and calcite crystals by pressure dissolution. 
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Effects of stylolitization on porosity and permeability 
Stylolitization causes decreases in the porosity, permeability and reduction of bed 
thickness of the host limestone. The effect on hydrocarbon emplacement is important 
on diagenesis and reservoir quality evolution. As the stylolite evolve further 
dissolution of limestone occur, which precipitate cement nearby the stylolite and 
creating partly or completely filling of the pores. This phenomenon affects the 
reservoir quality since the pore space is reduced as the cementation occur due to 
stylolitization, it has the ability to work as a barrier to vertical fluid flow. When 
exploiting a new reservoir it’s therefore important to determine how the maturity of the 
evolved stylolites has been progressed in order to work as this kind of barrier. 
According to Carozzi and Von Bergen (1987) the porosity is in fact discontinuous 
through the stylolite and is affected by how the dissolution proceeds between the 
stylolite walls. The dissolution of limestone due to stylolitization is reprecipitated as 
cement along the stylolite and inducing partial or total filling of the pore space 
between nearby grains. This process is inhibiting the fluid flow of hydrocarbons and 
has a significant importance to the quality of the barrier. Due to the quality and 
presence of barriers when exploiting a new reservoir it is of highest necessity to 
investigate the development of stylolitization (Sadd & Alsharhan, 2000). The pressure 
and the stress which is created between deeply buried sediment grains tend to 
dissolve and increasingly correlates with lithostatic pressure. The areas of the grains 
that are not in contact with other grains may only be exposed to pore fluid pressure 
and thus a generally lower stress. The reducing of stress to the grains will inhibit the 
dissolution and thus reprecipitation of the grains (Robbin, 1978). The permeability will 
be depending on the insoluble materials continuing as the permeability will be 
decreased and matrix cementation will occur adjacent to pressure-solution seams 
which will reduce permeability. In order to prevent such a decrease of permeability in 
the locality of the pressure surface the dissolute material has to be transported away 
due to the consequence of the concentration gradient between high pressure areas 
and low pressure areas (Sadd & Alsharhan, 2000).  

 

Discussion 
The appearance of stylolites are frequently abundant in the flanks of an anticline 
rather than in the crest (Dunnington, 1967; Koepnick 1988), and as stylolites are 
correlated with overburden pressure a suggestion can be made that the stress in the 
flanks of an anticline are exposed to greater pressure. Increasing pressure from 
tectonic movement might be the factor that creates a greater stress but should then 
also create transverse stylolites as they are tilted during the process of tectonic 
movement. In Bab oil field outside Abu Dhabi scientist has found (Sadd & Alsharhan, 
2000) that the most lithified zones (flanks) has stylolites with an amplitude of 35 cm 
compared to the less lithified zones (crest) which have wispy seams or horsetail 
seams with amplitude of 5 cm. The anticline in the Bab oil field has an axial 
correlation of greater abundance of high amplitude stylolites towards the flanks from 
the crest. This could imply that the lithification is higher in the flanks and so also has 
less porosity and permeability.  
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As the stylolite propagates a dissolution occur of the host rock and 
creates soluble residue that may be transported within the seams. The transport of 
the residue is correlated with the pressure gradient and effects the residue to move 
from high pressure to low pressure areas. The content of the host rock is of 
importance concerning the properties of the residue and If the seams are to be 
compacted by residue maximum accumulation, the transport of the material might be 
inhibited and also cross fluid flow.  As Burgess & Peter (1985) suggest, the stylolites 
are better developed in water zones such as the Sahil zone south of Abu Dhabi. 
Water, which is of great significance when creating cement in the limestone, will 
enhance the loss of porosity. As Lynn et al (1997) suggested, the stylolites 
propagates easier in an high porosity rock such as in grainstones, by using that 
argument the stylolitization would be less developed in water zones due to the 
correlation of reducing porosity. As a homogenously lithology promotes a 
development of wispy seams since the pinning of particles are less consistently, 
there would be a poorer development of head seams and thus inhibit accumulation of 
insoluble residue. The transport of hydrocarbons would therefore be promoted and 
as hydrocarbons prohibit diageneses and cement production the porosity would be 
higher. The properties of the rock regarding porosity and permeability might promote 
the migration of hydrocarbon. If a heterogeneity applies in the rock and a substantial 
amount of less soluble particles occur the propagation of stylolites might be effected 
by the pinning forces of these particles. There are no fundamental differences 
concerning the origin of how the stylolites form. Both transverse (tectonic) and 
bedding-parallel (digenetic) stylolites, which have two different origins have none the 
less same properties as of the inverse relationship with increased thickness and 
reduced frequency of offsets. Lynn et al (1997) are implying that transverse stylolites 
are thinner due to its environment of development compared to bedding parallel. 
Many authors are arguing about burial depth when discussing the formation of 
stylolites. Sellier (1979) suggest that stylolites start to propagate at 300 meters of 
burial depth but Dunnington (1967) presented that stylolites started to form between 
600 to 900 meters in the Bab oil field in the UAE. Limestone with high clay content 
might need only 90 meters of burial depth before stylolite growth occur so the 
ambiguity concerning the burial depth is obvious. As the process of stylolitization is 
quite complex one can not only refer to a critical depth when stylolites are inclined to 
form but also to clay content, organic material and water chemistry. As the 
knowledge of the development of the stylolites for a specific barrier is important in 
order to determine the barrier quality, all dependable factors of stylolitization need to 
be considered.  
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