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Diagenesis of sedimentary rocks 
 

a general introduction 
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Diagenesis:  any chemical, physical, biological change after deposition. 
 
It does not include metamorphism. 
 
Diagenetic processes can occur also at relatively low temperatures and 
pressures and cause changes to original mineralogy and texture.  
 
The boundary of pressure and temperatures where diagenesis passes into 
metamorphism is not clearly defined. 

Diagenesis: all changes to sediment/sedimentary rock 
from the time of deposition to the onset of 
metamorphism. 

Diagenesis Metamorphism 

Deposition Chlorite 

Diagenesis 
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Diagenesis vs. Metamorphism

Controls on Diagenesis
� Movement of pore fluids

� Meteoric/surface waters into sedimentary 
basins
� Potentiometric head defined by ground water 

table – above sea level, pore fluids will readily 
flow into marine sedimentary basins

� Thermal convection
� Inverse density gradient caused by thermal 

expansion of water (batholiths, salt domes, etc.)
� Compaction

� Porosity reduction drives interstitial waters 
upward

Shallow Carbonate Diagenesis

Boggs 2001
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From the instant sediments are deposited, they are subjected to physical, 
chemical and biological forces that define the type of rocks they will 
become.  
The combined effects of burial, bioturbation, compaction and chemical 
reactions between rock, fluid and organic matter, collectively known as 
diagenesis, will ultimately determine the potentiality (for a sedimentary 
deposit) to be a reservoir and source rock 

Diagenesis"=""any"chemical,"physical,"biological"change"a5er"deposi8on."It"does"not"
include"weathering"and"metamorphism."Diagene8c"processes"occur"at"rela8vely"low"
temperatures"and"pressures"and"cause"changes"to"original"mineralogy"and"texture."
The"boundary"of"pressure"and"temperatures"where"diagenesis"passes"into"
metamorphism"is"not"clearly"defined."
"
Compac8on"will"occur"as"sediments"are"buried."Some"minerals"will"be"recrystallized"
or"dissolve."New"minerals"may"also"grow"(authigenesis)."Grains"become"cemented"by"
minerals"that"precipitate"from"solu8ons"moving"through"pore"spaces."Generally"
porosity"decreases"during"diagenesis,"apart"from"where"dissolu8on"of"minerals"
occurs"and"during"dolomi8za8on."
"
An"apprecia8on"of"the"diagene8c"development"of"a"sediment"can"also"help"in"our"
understanding"of"its"tectonic"history"and"the"kinds"of"fluids"that"have"moved"through"
it."This"is"VERY"important"informa8on"for"the"mineral"and"hydrocarbon"industries"as"
it"relates"to"the"porosity"(spaces"within"a"rock"expressed"as"Φ)"and"Permeability"(the"
interconnectedness"of"those"spaces"expressed"as"K)."Rocks"with"high"Φ"and"K"make"
excellent"reservoirs"for"oil"gas"or"water."Diagenesis"is"also"important"in"understanding"
the"various"process"that"convert"organic"material"in"sediments"into"oil"and"gas."

3"
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The range of physical and 
chemical conditions 
included in diagenesis is: 
-  0 to 200°C,  
-  1 to 2000 bars  
-  and water salinities 

from fresh water to 
concentrated brines 

diagensis can occur in any depositional or post-depositional setting in which a sediment 
or rock may be placed by sedimentary or tectonic processes. This includes deep burial 
processes but excludes more estensive high temperature or pressure metamorphic 
rocks.  

The range of diagenetic 
environments is potentially 
large  
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The study of diagenesis continues 
to be an active field of research in 
sedimentary geology, in part 
because the variety and 
complexity of the processes 
involved has left many 
uncertainties, but also because of 
the importance of diagenesis to 
petroleum geology, as diagenesis 
is a significant control on porosity 
and permeability of deeply buried 
sedimentary rocks, comprising the 
fine siliciclastic source beds, the 
coarser reservoir rocks, and the 
seals that cause those reservoir 
rocks to be petroleum reservoirs.  
 

TROVARE FOTO 
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Diagenesis strongly controls the petrophysical properties of sedimentary rocks, 
although quite different in processes and effects for silicoclastic  and carbonate 
rocks. 

24 Oilfield Review

can make the distribution of porosity and  
permeability in carbonates much more hetero-
geneous than in sandstones (above). In fact, 
calcium carbonate dissolves hundreds of times 
faster than quartz in fresh water under normal 
surface conditions. The dissolution and precipi-
tation of calcium carbonate are influenced by a 
variety of factors, including fluid chemistry, rate 
of fluid movement, crystal size, mineralogy and 
partial pressure of CO2.34

The effects of mineral instability on porosity 
may be intensified by the shallow-water deposi-
tional setting, particularly when highstand car-
bonate systems are uncovered during fluctuations 
in sea level. Most diagenesis takes place near the 
interface between the sediment and the air, fresh 
water or seawater. The repeated flushing by sea-
water and meteoric water is a recipe for diage-
netic change in almost every rock, particularly as 
solutions of different temperature, salinity or CO2 

content mix within its pores.
Porosity in near-surface marine diagenetic 

regimes is largely controlled by the flow of water 
through the sediment. Shallow-burial diagenesis is 
dominated by compaction and cementation with 
losses of porosity and permeability. The intermedi-
ate- to deep-burial regime is characterized by fur-
ther compaction and other processes, such as 
dissolution, recrystallization and cementation.

Near-surface regime—Most carbonate rocks 
have primary porosities of as much as 40% to 45%, 
and seawater is the first fluid to fill those pore 
spaces. Filling of primary pores by internal sedi-
ments and marine carbonate cements is the first 
form of diagenesis to take place in this setting, 
and it leads to significant reductions in porosity.35

Updip from the marine setting, coastal areas 
provide an environment in which seawater and 
fresh water can mix. In these groundwater mix-
ing and dispersion zones, carbonate dissolution 
creates voids that enhance porosity and permea-
bility—sometimes to the extent that caves are 
formed. Other processes are also active to a much 
lesser degree, such as dolomitization and the for-
mation of aragonite, calcite or dolomite cements.

Further inland, near-surface diagenesis is 
fueled by meteoric waters, which are usually 
undersaturated with respect to carbonates. Rain 
water is slightly acidic because of dissolved atmo-
spheric CO2. Where the ground has a significant 
soil cover, plant and microbial activity can 
increase the partial pressure of CO2 in down-
ward-percolating rainwater. This increases disso-
lution in the upper few meters of burial, thus 
boosting porosity and permeability through rocks 
of the vadose zone.

In evaporitic settings, hypersaline diagenesis 
is driven by fresh groundwater or storm-driven 
seawater that has been stranded upon the land’s 
surface. These waters seep into the ground and 
are subjected to evaporation as they flow seaward 
through near-surface layers of carbonate sedi-
ment. As they evaporate beyond the gypsum- 
saturation point, they form finely crystalline 
dolomite cements or replacive minerals. In some 
petroleum systems, these reflux dolomites form 
thin layers that act as barriers to migration and 
seals to trap hydrocarbons.36

Shallow-burial regime—Near-surface pro-
cesses can extend into the shallow-burial setting, 
but the dominant process is compaction. Burial 
leads to compaction, which in turn squeezes out 
water and decreases porosity. Compaction forces 
sediment grains to rearrange into a self-support-
ing framework. Further burial causes grain  
deformation, followed by incipient chemical  
compaction in which mineral solubility increases 
with pressure. In this way, loading applied to 
grain contacts causes pressure dissolution. 
Expelled fluids will react with surrounding rock.

Intermediate- to deep-burial regime—With 
depth, several diagenetic processes become 
active. Chemical compaction becomes more 
prevalent with additional loading. Depending on 
composition, clay minerals in the carbonate 
matrix may either enhance or reduce carbonate 
solubility. Pressure dissolution is further influ-
enced by pore-water composition, mineralogy 
and the presence of organic matter. If the mate-
rial dissolved at the contacts between grains is 
not removed from the system by flushing of pore 
fluids, it will precipitate as cement in adjacent 
areas of lower stress.37

Dissolution is not just a pressure-driven pro-
cess; it can also result from mineral reactions 
that create acidic conditions. In burial settings 
near the oil window, dissolution is active where 
decarboxylation leads to the generation of car-
bon dioxide, which produces carbonic acid in the 
presence of water. Acidic waters then react with 
the carbonates. If the dissolution products are 
flushed from the system, this process can create 
additional voids and secondary porosity.

With burial comes increasing temperature 
and pressure, and changes in groundwater com-
position. Cementation is a response to elevated 
temperatures, fluid mixing and chemical com-
paction; it is a precipitation product of dissolu-
tion common to this setting. Burial cements in 
carbonates consist mainly of calcite, dolomite 
and anhydrite. The matrix, grains and cements 
formed at shallow depths become thermodynami-
cally metastable under these changing condi-
tions, leading to recrystallization or replacement 
of unstable minerals. In carbonates, common 
replacement minerals are dolomite, anhydrite 
and chert. 

Dolomite replacement has a marked effect on 
reservoir quality, though in some reservoirs it can 
be detrimental to production. While some geolo-
gists maintain that dolostone porosity is inher-
ited from limestone precursors, others reason 
that the chemical conversion of limestone to 
dolostone results in a 12% porosity increase 

> Porosity comparison. In both sandstones and carbonates, porosity is greatly affected by diagenesis—
perhaps more so in carbonates. (Adapted from Choquette and Pray, reference 5.)

Matt—Figure 12

Amount of primary porosity
Amount of ultimate,
postdiagenetic porosity
Types of primary porosity

Pore diameter and
throat size
Uniformity of pore size,
shape and distribution

Influence of diagenesis

Influence of fracturing
Permeability-porosity
interrelations

Commonly 25% to 40%
Commonly half or more of initial
porosity: typically 15% to 30%
Almost exclusively interparticle

Closely related to particle size 
and sorting
Fairly uniform

May be minor: reduction of primary
porosity by compaction, cementation
and clay precipitation
Generally not of major importance
Relatively consistent: commonly
dependent on particle size and sorting

Commonly 40% to 70%
Commonly none or only a small fraction
of initial porosity: 5% to 15%
Interparticle commonly predominates;
intraparticle and other types important
Commonly bear little relation to particle 
size or sorting
Variable, ranging from fairly uniform to
extremely heterogeneous, even within a 
single rock type
Major: can create, obliterate or completely
modify porosity; cementation and solution
important
Of major importance, when present
Greatly varied: commonly independent of
particle size and sorting

Aspect Sandstones Carbonates
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e.g. : Porosity comparison. In both sandstones and carbonates, porosity is greatly affected 
by diagenesis— perhaps more so in carbonates. (Adapted from Choquette and Pray, 1970 
by Ali et al., 2010 S.Cirilli Sed-Pet 
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An appreciation of the diagenetic development of a sedimentary succession 
can also help in understanding of its tectonic history and the kinds of fluids 
that have moved through it. 
 
This is VERY important information for the mineral and hydrocarbon 
industries as it relates to the porosity (spaces within a rock expressed as Φ) 
and Permeability (expressed as K). 
 

Summer 2010 17

by Machel, is applicable to all rock types.12 This 
classification integrates mineralogic, geochemi-
cal and hydrogeologic criteria from clastic and 
carbonate rocks. It is divided into processes that 
occur in near-surface, shallow and intermediate- 
to deep-burial diagenetic settings, along with 
fractures and hydrocarbon-contaminated plumes.13

A different diagenetic model was outlined by 
Fairbridge in 1966. It emphasizes the geochemi-
cal aspect of diagenesis and recognizes three dis-
tinct phases: syndiagenesis, anadiagenesis and 
epidiagenesis. Each of these phases tends toward 
equilibrium until upset by subsequent changes in 
environmental parameters.14

Another popular classification scheme relates 
carbonate diagenetic regimes to the evolution of 
sedimentary basins (right). This schema, origi-
nally proposed by Choquette and Pray, is now 
increasingly being applied to clastic processes as 
well.15 It is divided into three stages, some of 
which may be bypassed or reactivated repeatedly.

Eogenesis is the earliest stage of diagenesis, 
in which postdepositional processes are signifi-
cantly affected by their proximity to the surface. 
During this stage, the chemistry of the original 
pore water largely dominates the reactions. The 
upper limit of the eogenetic zone is normally a 
depositional interface, but it may be a surface of 
temporary nondeposition or erosion. The lower 
limit shares a gradational boundary with the next 
stage and is not clearly defined because the effec-
tiveness of surface-related processes diminishes 
gradually with depth, and many such processes 
are active down to different depths. However, the 
maximum limit for eogenesis is estimated at 1 to 
2 km [0.6 to 1.2 mi], or 20°C to 30°C [68°F to 
86°F].16 The greatest change in the eogenetic 
zone is probably the reduction of porosity from 
cementation by carbonate or evaporite minerals.

Mesogenesis is the stage during which sedi-
ments or rocks are buried to such depths that 
they are no longer dominated by processes 
directly related to the surface. This phase, some-
times referred to as burial diagenesis, spans the 
time between the early stage of burial and the 
onset of telogenesis. Cementation is thought to 
be the major process affecting porosity in the 
mesogenetic zone, whereas dissolution is proba-
bly minor. 

Telogenesis refers to changes during the 
interval in which long-buried rocks are affected 
by processes associated with uplift and erosion. 
Telogenetic porosity is strongly associated with 
unconformities. The upper limit of the teloge-
netic zone is the erosional interface. The lower 

boundary is gradational and is placed at the 
depth at which erosional processes become insig-
nificant. When a water table is present, the lower 
limit of the telogenetic zone extends to that 
point, which commonly serves as an effective 
lower limit of many weathering processes. 
Dissolution by meteoric water is the major poros-
ity-forming process of the telogenetic zone.

As with the above schema, most diagenetic 
classifications are broadly based; some overlap 
with others and all contain exceptions to the rule. 

Agents of Change
Freshly deposited sediments—mixtures of chem-
ically unstable minerals and detrital materials—
act as building blocks of diagenesis, while water 
and organic matter fuel the process.

Within a depositional system, changes in tem-
perature and pressure can lead to the separation 
of different chemical compounds in unstable 
mixtures. The liberation of unstable materials 
from one area is accompanied by their introduc-
tion elsewhere. Water plays a large role in diage-
netic processes, dissolving one grain, hydrating 
others. The chemical activity may even change the 
properties of the water medium itself over time.17

Water is but one of many agents of diagenesis; 
organic-rich sediments in various states of decom-
position introduce a host of chemical reactions 
and bacteriological activities that consume all 
available oxygen. This, in turn, leads to a chemi-
cally reducing environment. Under pressure, the 
gases of decomposition enrich the water with car-
bon dioxide and lesser amounts of methane, 
nitrites and other dissolved organic products.  

> Diagenetic regimes. The earliest phase of diagenesis occurs in the eogenetic zone. Sediments in this 
zone are altered by near-surface processes, such as meteoric dissolution, which can occur on land as 
well as some distance downdip into the subsurface, even extending below sea level. Further burial will 
drive those sediments into the mesogenetic zone, where they are no longer dominated by processes 
directly related to the surface. With continued burial, the rock will become metamorphosed. However, 
with sufficient uplift, the rock will enter the telogenetic zone, where it is once again influenced by 
meteoric waters. (Adapted from Mazzullo, reference 41.)
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Rocks with high Φ and K 
make excellent reservoirs 
for oil gas or water. 
 
Diagenesis is also 
important in understanding 
the various process that 
convert organic material in 
sediments into oil and gas. 
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Diagenesis is the term used for all of the changes that a sediment 
undergoes after deposition and before the transition to metamorphism. 
 
Diagenesis is the lithification of loose sediment into solid rock through 
compaction, cementation, and dissolution. 
 
Diagenesis includes different processes (chemical, physical, and 
biological) such as: 
 
compaction  
deformation,  
dissolution,  
cementation,  
authigenesis,  
replacement,  
recrystallization,  
hydration,  
bacterial action 
bioturbation  
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Compaction mostly occurs as sediments are buried.  
 
Some minerals will be recrystallized or dissolved.  
 
New minerals may also grow (authigenesis). 
 
Grains become cemented by minerals that precipitate from solutions 
moving through pore spaces.  
 
Generally porosity decreases during diagenesis, apart from where 
dissolution of minerals occurs and during dolomitization. 

S.Cirilli Sed-Pet 
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5

Diagenetic Processes

McIlreath and Morrow 1990

Compaction

� Loosely packed sand porosity approaches 
25%; saturated mud 60-80% water. Porosity 
reduced during burial due to overburden 
pressure

� Fabrics may form identifiable in thin section 
including: deformation, distortion, flattening 

� Pseudomatrix formation when rock fragments 
alter to clays under pressure – looks like a 
primary clay matrix 

� Pressure solution where grain boundaries 
undergo dissolution and crystallization 

Compaction

Boggs 2001

Compaction 

S.Cirilli Sed-Pet 
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 Figure 7-2: Approximately linear porosity loss during burial of sandstones 
 Figure by MIT OCW. 
2.5  Compaction commonly involves deformation, on scales ranging upward 

from individual grains. 
•  In thin sections (Figure 7-3) one often sees bent mica flakes or squeezed 

and deformed rock fragments (which, in more advanced stages, leads to 
pseudomatrix; see Chapter 4).  
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3

A

B 

C 

C 

principali processi che modificano l�originaria  
porosità intergranulare  

S. Cirilli: Petrografia del Sedimentario 

36
C. 都巒山層(烏石鼻)

Tucker (2001)

a: Muscovite and kaolinite in quartz arenite; b: biotite mica, matrix consisting of clay minerals, 
quartz grains; c, d: quartz arenite with overgrowths. 

Sedimentary Geology
Dept. Earth Sciences
National Central U. Taiwan
Prepared by Dr. Andrew T. Lin

Deformed biotite Deformed-broken bioclast 

Sutured contacts (ooids) 

 
 
 
 
 
 
 
 
 
 
 
3.3 Pressure solution also occurs in carbonate sediments.  In addition to 

grain-to-grain suturing, pressure-solution seams commonly develop approximately 
parallel to bedding.  The rock “closes up” along such surfaces, as the carbonate 
minerals (usually calcite) are dissolved and then removed from the vicinity by 
solution flow. Presumably, the reason stylolites are usually parallel overall to 
bedding is that bedding surfaces are usually the paths of easiest flow of pore 
solutions.  Such surfaces of solution are called stylolites. 

3.4  One usually sees stylolites on rock faces at a large angle to stratification.  
They look like a squiggly dark line, a bit like an electrocardiogram.  (My all-time 
favorite graffito, on  the limestone wall of a toilet stall in a men’s room at MIT, 
labeled a stylolite “my electrocardiogram”.  The point, rightward, where the 
stylolite died out into non-dissolved rock, was labelled “entered MIT”.) 

3.5  Of course, the section one is seeing on the rock face is just a section 
through a three-dimensional stylolite surface that extends through the volume of 
the rock.  It is uncommon to see an entire segment of the stylolite surface, but one 
can do serial sectioning to figure out the geometry.  In that way, it’s seen that the 
stylolite surface comprises irregular pillar-like geometries pointing in both 
directions away from the average position of the surface.  The amplitudes of the 
pillars are usually a few centimeters, but in extreme case they can be much larger. 
(Incidental note:  the origin of the term comes stulos, the Greek word for “pillar”.  
A stylite was one of a number of early Christian ascetics who lived unsheltered on 
the tops of high pillars.) 

3.6  Stylolite surface are the sites of accumulation of insoluble residues 
(clays, iron oxides, and others) as the rock closes up.  That’s what makes the 
stylolites dark.  In a very general way, one can estimate the volume of carbonate 
rock that has been removed by solution, by comparing the average concentration 

 153

1mm 5mm 

3mm 2cm 
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Cementation 

Cementation: pore-filling minerals precipitated into 
voids within sediment/sedimentary rocks. 

•Quartz 
•Chert 
•Chalcedony 
•Opal 
 

 
 

•Hematite 
•Limonite 
•Phosphate 
•Clay 
•Glauconite 
 
 
 

•Calcite 
•Aragonite 
•Mg-calcite 
•Dolomite 
•Siderite 
•Etc. 
 

cements: quartz (syntaxial overgrowths,..), carbonate, authigenic feldspars 
(overgrowths), clay minerals, zeolites, haematite, barite 

7

Factors influencing the solubility of Factors influencing the solubility of 
CaCO3 CaCO3 http://www.usask.ca/geology/classes/geol243/243notes/243week10a.http://www.usask.ca/geology/classes/geol243/243notes/243week10a.htmlhtml

Feldspar dissolution and calcite cement 
(high-pH conditions)

http://faculty.gg.uwyo.edu/heller/Sed%20Strat%20Class/SedStratL1/slideshow_1_7.htm

Cementation

� Development of new precipitates in pore spaces 
� Carbonates (calcite) and silicates (quartz) most 

common, also clays in siliciclastic rocks 
� May be in response to groundwater flow, 

increasing ionic concentration in pore waters, and 
increased burial temperatures 

� Overgrowths or microcrystalline cement when 
high pore-water concentrations of hydrous silica 

� Iron oxide (hematite, limonite) determined by 
oxidation state 

Cementation 
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Matrix versus cement 

Matrix: grained material deposited simultaneously 
with larger particles.  

Cement: a chemical precipitate between grains 
from pore-water long after deposition 

S.Cirilli Sed-Pet 
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Cementation 

Cementation: pore-filling minerals precipitated into 
voids within sediment/sedimentary rocks. 

Cementation 

ppl                                                            

Cementation 
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Quartz  
overgrowth  

cement 

0.25 mm ppl                                                 xn                              

chalcedony 

Cementation 

300 µm 

CEMENTI CARBONATICI 

Precipitazione di nuovi minerali all’interno di spazi porosi 

Sedimento particellare sciolto Roccia cementata 

Processi diagenetici: Cementazione 

S. Cirilli: Petrografia del Sedimentario 

1-Cemento a frangia 
2-calcite fibrosa 
3 – cemento a blocky 

S. Cirilli: Petrografia del Sedimentario 

Calcite spatica 

5 

S. Cirilli: Petrografia del Sedimentario 

1mm 3mm 1mm 
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Dissolution 
Silicate and carbonate minerals dissolved under peculiar chemical and 
physical conditions  

Summer 2010 19

Sandstone Diagenesis

 

24

18. Sujkowski, reference 2.
19. Wilson MD and Pittman ED: “Authigenic Clays in 

Sandstones: Recognition and Influence on Reservoir 
Properties and Paleoenvironmental Analysis,” Journal 
of Sedimentary Petrology 47, no. 1 (March 1977): 3–31. 

20. Pryor WA and Van Wie WA: “The ‘Sawdust Sand’— 
An Eocene Sediment of Floccule Origin,” Journal of 
Sedimentary Petrology 41, no. 3 (September 1971): 763–769.

21. Connate water is trapped within the pores of a rock as 
the rock is formed. Formation, or interstitial, water, in 
contrast, is water found in the pores of a rock; it may not 
have been present when the rock was formed. Connate 
water can be more dense and saline than seawater.

22. Wilson and Pittman, reference 19.
23. Neasham JW: “The Morphology of Dispersed Clay in 

Sandstone Reservoirs and Its Effect on Sandstone 
Shaliness, Pore Space and Fluid Flow Properties,”  
paper SPE 6858, presented at the SPE Annual Technical 
Conference and Exhibition, Denver, October 9–12, 1977.

24. Any discussion of sands and clays is complicated by 
ambiguities between grain size and mineral composition. 
Sand grains range in size from 0.0625 to 2 mm. Any sedi-
mentary particle within that range may be called a sand 
grain, regardless of its composition. However, because 
the overwhelming majority of sand grains are composed 
of quartz [SiO2], it is typically implied that the term refers 
to quartz grains unless otherwise specified, such as  
carbonate sand. Clays are fine-grained particles of less 
than 0.0039 mm in diameter. The most common clay  
minerals are chlorite, illite, kaolinite and smectite. 

> Kaolinite booklets. Well-formed stacks of kaolinite are seen as pore-filling 
material, along with lesser amounts of quartz overgrowth cement. Kaolinite 
booklets are known for their propensity to migrate and plug pore throats. 
(Photograph courtesy of S.A. Ali.)

Matt—Figure 18

Quartz

Quartz

Kaolinite

20 µm

> Partial grain dissolution. This thin-section 
photograph highlights reservoir porosity (blue) 
in this poorly sorted, very fine- to medium-
grained sandstone. A feldspar grain (blue crystal, 
circled ) shows signs of partial grain dissolution. 
Secondary porosity in this form can marginally 
enhance reservoir producibility. (Photograph 
courtesy of S.A. Ali.)

Matt—Figure 15

40 µm

>More than just sand. The volumetric 
components of sandstone may include 
framework grains, intergranular detrital matrix, 
pore-filling cements and pore space.

Matt—Figure 04

Matrix

Grain

Pore

Cement

31424schD5R1.indd   6 7/26/10   5:19 PM

Partial grain dissolution. This thin-section 
photograph highlights reservoir porosity 
(blue) 
in this poorly sorted, medium- grained 
sandstone. A feldspar grain (blue crystal, 
circled ) shows signs of partial grain 
dissolution. Secondary porosity in this 
form can marginally enhance reservoir 
producibility 

FIG. 20.—A) Plane-light micrograph of skeletal grainstone that contains prominent strophomenid brachiopod valves and crinoid ossicles from Lvis13 csb 900
parasequence, well 6946. B) Plane-light micrograph of skeletal packstone from Lvis13 csb 900 from well T-220. Spiriferid brachiopod with geopetal sediment. Large
irregular pore is colored blue. C) Plane-light micrograph grainstone composed of compound grains and skeletons from Bash2.5 MSF 350 from well T-220. D) Plane-light
micrograph enlargement to box shown in Part C top right. Microporous grains are surrounded by fibrous calcite and are followed by rhombic calcite cement. E) Plane-
light micrograph of skeletal grainstone from Bash2.5 MSF 350 from well T-5442. Upper grainstone layer with vuggy and moldic pores, lower grainstone layer with moldic
pores. F) Plane-light micrograph, enlargement to box shown center of Part E and rotated clockwise. Central vug is larger than surrounding grains, two moldic pores,
lower right.

684 J.A.D. DICKSON AND J.A.M. KENTER J S R

Plane- light 
micrograph of 
skeletal grainstone 
with vuggy and 
moldic pores 
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The solubility of calcite and silica are unaffected by Eh but are strongly affected— 
and in opposing ways—by pH. 
 
Silica solubility increases with pH, whereas calcite solubility decreases with pH.  
 
Thus in acidic pore fluids, like meteoric waters, calcite tends to dissolve and quartz 
overgrowths are precipitated, whereas in alkaline waters calcite cements precipitate 
and may even replace quartz.  
 
For mildly alkaline fluids (pH 7–10) both quartz and calcite cements may form. 

The solubility of calcite and silica are unaffected by Eh but are strongly affected—
and in opposing ways—by pH.  Silica solubility increases with pH, whereas 
calcite solubility decreases with pH.  Thus in acidic pore fluids, like meteoric 
waters, calcite tends to dissolve and quartz overgrowths are precipitated, whereas 
in alkaline waters calcite cements precipitate and may even replace quartz.  For 
mildly alkaline fluids (pH 7–10) both quartz and calcite cements may form. 
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Figure 7-9: (A) Solubility of calcite and quartz vs. pH. (B) Stability of various diagenetic 
minerals in terms of pH and Eh 

Figure by MIT OCW. 

The solubility of calcite and silica are unaffected by Eh but are strongly affected—
and in opposing ways—by pH.  Silica solubility increases with pH, whereas 
calcite solubility decreases with pH.  Thus in acidic pore fluids, like meteoric 
waters, calcite tends to dissolve and quartz overgrowths are precipitated, whereas 
in alkaline waters calcite cements precipitate and may even replace quartz.  For 
mildly alkaline fluids (pH 7–10) both quartz and calcite cements may form. 
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Figure 7-9: (A) Solubility of calcite and quartz vs. pH. (B) Stability of various diagenetic 
minerals in terms of pH and Eh 

Figure by MIT OCW. 

Figure: (A) 
Solubility of calcite 
and quartz vs. pH.  
 
(B) Stability of 
various diagenetic 
minerals in terms of 
pH and Eh 



17 FOTO Carbonate DISSOLVED GRAINS 

Dissolution of carbonate particles  
(moldic porosity) 

S.Cirilli Sed-Pet 
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formation of clay minerals 

Dissolution by chemical alteration (e.g hydrolisis) of Feldespars 

S.Cirilli Sed-Pet 
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Diagene+c"Zones:"
•  Different'diagene4c'processes'will'occur'at'different'depths'of'burial'

and'in'different'environments:'marine'vs'terrestrial'
•  Different'sediments'will'behave'differently'in'these'zones'

hQp://upload.wikimedia.org/wikipedia/commons/f/f2/Vadose_zone.gif'

'
Phrea1c'Zone'
'

4"
S.Cirilli Sed-Pet 
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1.  The Vadose zone is the position at which the groundwater (the water in the 
sediments pores) is at atmospheric pressure  

2.The phreatic zone (zone of saturation) = portion of an aquifer, below the water 
table where pores and fractures are saturated with water. The phreatic zone may 
fluctuate during wet and dry periods. 
 

The"style"of"diagenesis"will"vary"depending"on"the"type"of"sediment"and"the"
environment"in"which"the"sediment"is"undergoing"diagenesis"either"marine"or"
terrestrial."If"terrestrial,"with"depth"you"can"divide"diagene8c"zones:""
"
1.  The"Vadose"zone"is"the"posi8on"at"which"the"groundwater"(the"water"in"the"

sediments"pores)"is"at"atmospheric"pressure"("vadose""is"La8n"for""shallow").""
"

2.  The"phrea8c"zone"(zone"of"satura8on)"="por8on"of"an"aquifer,"below"the"water"
table"where"pores"and"fractures"are"saturated"with"water."The"phrea8c"zone"may"
fluctuate"during"wet"and"dry"periods."

4"

21 
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. 

Early and Burial Diagenesis 

Early diagenesis  

refers to changes occurring in the sedimentary 

environment up to a few hundred meters (shallow burial), 

where elevated temperatures are not encountered 

(<140°C) and where uplift above sea level does not occur, 

so that pore spaces of the sediment are continuosly filled 

with water. 

Early diagenetic patterns correlate with environment of 

deposition and sediment composition.  

S.Cirilli Sed-Pet 
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. 

Early and Burial Diagenesis 

Burial diagenesis (late diagenesis)  

 

refers to deep burial 

Later diagenetic patterns cross facies boundaries and 

depend on regional fluid migration patterns. 

 

Effectively predicting sedimentary rock quality depends on 

predicting diagenetic history as a product of depositional 

environments, sediment composition, and fluid migration 

patterns 
S.Cirilli Sed-Pet 
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Diagenetic water in deep burialDiagenetic water in deep burial

�� During deep burial, During deep burial, pore waters are modified further by pore waters are modified further by 
reactions with clay minerals, dissolution of unstable grains, reactions with clay minerals, dissolution of unstable grains, 
precipitation of authigenic minerals and mixing with waters fromprecipitation of authigenic minerals and mixing with waters from
other sourcesother sources. . 

��Burial diagenesis operates over millions of years and affects Burial diagenesis operates over millions of years and affects 
sediments to depths of around 10,000 m, where temperatures sediments to depths of around 10,000 m, where temperatures 

are in the region of 100are in the region of 100°°--200200°°C. Beyond this, processes of C. Beyond this, processes of 
burial metamorphism take over. In general, burial metamorphism take over. In general, pore waters in pore waters in 
deeplydeeply--buried sediments are saline, neutral and alkalineburied sediments are saline, neutral and alkaline. . 

EPS 321 Lecture 11

S.Cirilli Sed-Pet 
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Diagenetic zones

Surdam et al.[1] define diagenetic zones by subsurface temperatures. Depending on geothermal gradient,
depths to these zones can vary. The table below summarizes major diagenetic processes and their impact on
pore geometry.

Zone Temperature
Major diagenetic processes

Preserves or enhances
porosity Destroys porosity

Shallow
<80°C or 176°F
(<5,00 to 10,00
ft)

Grain coatings (inhibit
later overgrowths)
Nonpervasive carbonate
cements that can be
dissolved later

Clay infiltration
Carbonate or silica cement (in
some cases irreversible)
Authigenic kaolinite
Compaction of ductile grains

Intermediate 80-140°C or
176–284°F

Carbonate cement
dissolved
Feldspar grains dissolved

Kaolinite, chlorite, and illite
precipitate as a result of feldspar
dissolution
Ferroan carbonate and quartz
cement

Deep > 140°C or
284°F

Feldspar, carbonate, and
sulfate minerals dissolved

Quartz cement (most destructive)
Kaolinite precipitation
Illite, chlorite form as products
of feldspar dissolution
Pyrite precipitation

Effect of temperature
Depending on geothermal gradient, the effect of temperature on diagenesis can be significant. Many
diagenetic reaction rates double with each 10°C increase (1000 times greater with each 100°C).[2] Increasing
temperatures increase the solubility of many different minerals, so pore waters become saturated with more
ionic species. Either (1) porosity–depth plots of sandstones of the target sandstone that are near the prospect
area or (2) computer models that incorporate geothermal gradient are probably best for porosity predictions.

Figure 1 is a porosity–depth plot for sandstones from two wells with different geothermal gradients. The
well with the greater geothermal gradient has correspondingly lower porosities than the well with lower
geothermal gradient. At a depth of 7000 ft, there is a 10% porosity difference in the trend lines.

Effect of pressure
The main effect of pressure is compaction. The process of porosity loss with depth of burial is slowed by
overpressures. Basing his findings mainly on North Sea sandstones, Scherer[3] notes sandstones retain
approximately 2% porosity for every 1000 psi of overpressure during compaction. He cautions this figure
must be used carefully because the influence of pressure on porosity depends on the stage of compaction at
which the overpressure developed.

Diagenetic zones 
diagenetic zones defined by subsurface temperatures. Depending on geothermal 
gradient, depths to these zones can vary. The table below summarizes major diagenetic 
processes and their impact on pore geometry. 

S.Cirilli Sed-Pet 
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Most sediments deposited under normal surface conditions have 
primary porosities of on the order of 30% to 70%.  
The lower values are more typical of coarser, sandy sediments, and 
the higher initial porosities are more typical of finer- grained, clay-rich 
sediments. 

Porosity in conglomerates and sandstones is largely a matter of pore 
spaces among the framework grains, as modified by later 
cementation together with certain other diagenetic changes (more on 
those later).  
 
In muds the initial porosity is commonly higher, although permeability 
is low 

Porosity variability 

S.Cirilli Sed-Pet 
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Porosity in carbonate rocks varies widely, depending 
upon sediment type:  
the porosity of well-sorted carbonate sands is in the same 
general range as that of the corresponding siliciclastic 
sands, whereas reef carbonates commonly have much 
higher initial porosities 

Porosity variability 

S.Cirilli Sed-Pet 


