
Fate of Organic Matter



Petroleum System

Source Rock: A rock with abundant hydrocarbon prone organic matter

Reservoir Rock: A rock in which oil and gas accumulates 

Porosity: space between rock grains in which oil accumulates

Permeability-Passage ways between pores through which oil 

and   gas moves

Seal Rock A rock through which oil and gas cannot move effectively (such 

as mudstone and claystone)

Migration Route: Avenues in rock through which oil and gas moves from 
source rock to trap

Trap: The structural and stratigraphic configuration that focouses oil and gas 

into an accumulation



 The three main stages of the 

evolution of organic matter in 

sediments are:  

 Diagenesis,

 Catagenesis 

 Metagenesis.



 Diagenesis begins in recently deposited sediments where  microbial activity 

is one of the main agents of transformation, Chemical rearrangements then 

occur at shallow depths: Polycondensation and insolubilization

 At the end of diagenesis the organic matter consists mainly of kerogen.

 Catagenesis results from an increase in temperature during burial in 

sedimentary basins. Thermal degradation of kerogen is responsible for the 

generation of most hydrocarbons i.e oil and gas.

 Metagenesis is reached only at great depth. However, this last stage of 

evolution of organic matter begins earlier (vitrinite reflectance 

approximately 2%) than metamorphism of the mineral phase( vitrinite

reflectance of about4%, corresponding to the beginning of the greenschist

facies).



Role of Diagenesis

 Diagenesis is one of the most important factors that affects reservoir rock 

property. 

 In general term, diagenesis encompasses all of the changes that sediments 

undergo between the time of deposition and before the transition to 

metamorphism. 

 These changes (i.e., physical, chemical and mineralogical) occurred as a 

result of several factors including compaction, deformation, dissolution, 

cementation, authigenesis, replacement, recrystallization, hydration, and 

bacterial actions. 

 The economic importance of certain shale and/or sandstone units as a 

source or reservoir rock for petroleum may ultimately depend on the 

diagenetic history of the units as well as their original depositional 

characteristics. 



Geochemical fossils are molecules synthesized by plants or 
animals and incorporated in sediments with only minor 
changes. 

In particular the carbon skeleton of hydrocarbons or other 
lipids is preserved. These molecules represent only a minor 
fraction of crude oils. However they are of great interest to 
geologists and geochemists as they provide information on 

the original organic material.

Alkanes, fatty acids, terpenes, steroids, and porphyrins are 
the major groups of geochemical fossils. 

They can be traced from Recent to ancient sediments where 
they progressively suffer thermal degradation and/or dilution 
by other hydrocarbons generated at greater depths 
Kerogens are possible additional source of geochemical 
fossils.

Some lipids may be trapped in the kerogen network, or 
alternatively bound to kerogen by chemical bonds. These 
molecules are released from kerogen with increase in depth 
and temperature'

Importance of Geochemical Fossils



Diagenesis

 Sediments deposited in subaquatic environment contain large amounts of 

water (porosity amounts to about 80% in claymud at 5 cm depth, i . e., 

water is 60% by weight of total sediment),minerals, dead organic material 

and numerous living microorganisms.

 Diagenesis is a process through which the system tends to approach 

equilibrium under conditions of shallow burial, and through which the 

sediment normally becomes consolidated. 

 The depth interval concerned is in the order of a few hundred meters, 
occasionally to a few thousand meters. 

 In the early diagenetic interval, the increase of temperature and pressure is 

small and transformations occur under mild conditions.



 During early diagenesis one of the main agents of transformation is 

microbial activity.

 Aerobic microorganism that live in the upper most layer of 

sediments consume  free oxygen.

 Anaerobes reduce sulfates to obtain the required oxygen.

 The energy is provided by decomposition of organic matter, which 

in the process is converted in to carbon dioxide ammonia and 

water.

 The conversion is usually carried out completely in sands and 

partly in muds. 

 Within the sediment, organic material proceeds also towards 

equilibrium.



 Biogenic polymers or "biopolymers"( proteins, carbohydrates) are 

destroyed by microbial activity during sedimentation and early 

diagenesis.

 Then their constituents become progressively engaged in new 

polycondensed structures ("geopolymers") precursing kerogen. 

 When deposition of organic matter derived from plants is massive 

compared to mineral contribution peat and then Brown coals( lignite 

and sub-bituminous coal)are formed. The most important hydrocarbon 

formed during diagenesis is methane in addition organic matter 
produce carbon dioxide and water and some heavy heteroatomic

compounds during later stages of diagenesis.

 The end of diagenesis of sedimentary organic matter is most 

conveniently placed at the level where extractable humic acids have 

decreased to a minor amount and where most carboxyl groups have 

been removed. This is equivalent to the boundary between brown coal 

and hard coal, according to the coal rank





 Diagenesis of organic matter leads from biopolymers( proteins, lipids 
carbohydrates synthesized by plants and animals) - geopolymers
collectively called kerogen, which is the main organic material in ancient 
sediments‘

 The residue not used by microbes recombines by polycondensation and 
polymerization to form brown compounds comparable to fulvic and humic
acids These transformations occur mostly ai or near the water sediment 
interface

 Insolubilization - progressive burial of sediments - increasing 
polycondensation and loss of functional groups are responsible for a 
progressive insolubilization - Fulvic and humic acids - finally to kerogen'

 methane is the single hydrocarbon which may be generated in 
abundance during diagenesis.



Catagenesis

 Consecutive deposition of sediments results in burial of previous beds to a 

depth reaching several kilometers of overburden in subsiding basins. 

 a considerable increase in temperature and pressure tectonics may also 

contribute to this increase for this stage of sedimentary evolution, 

Vassoevich( 1957) suggested the use of the word catagenesis, also used by 

Strakhov (1962).

 Temperature may range from about 50 to 150°C and 

 geostatic pressure due to overburden may vary from 300 to 1000- 1500 

bars. 

 Such increase again places the system out of equilibrium and results in new 

changes.



Composition and texture of the mineral phases are 

conserved, with some changes mostly in the clay fraction. 

 The main inorganic modification still concerns the 

compaction of the rock:

water continues to be expelled, porosity and permeability 

decrease markedly; normally salinity of interstitial water 

increases and may come close to saturation.

Organic matter experiences major changes through 

progressive evolution the kerogen produces first liquid 

petroleum; then in a later stage "wet gas" and condensate; 

both liquid oil and condensate are accompanied by 

significant amounts of methane. 



 Massive organic deposits progress through the various ranks of coal, and 
also produce hydrocarbons, mostly methane.

 The end of catagenesis is reached in the range where the disappearance 
of aliphatic carbon chains in kerogen is completed, and where the 
development of an ordering of basic kerogen units begins. This corresponds 
to vitrinite reflectance of about 2.0 which, according to various coal 
classifications is approximately the beginning of the anthracite ranks.

 Since these are severe changes in the organic material, and since with 
further evolution there is no more generation of petroleum and only Iimited
amounts of

 Methane this point seems to be at a natural break. Therefore we propose to 
draw here an additional borderline, one that terminates catagenesis, and 
to call the subsequent stage metagenesis.



Metagenesis and Metamorphism

 The last stage of the evolution of sediments which is 

known as metamorphism, is reached in deep troughs 

and in geosynclinal zones. 

 Here temperature and pressure reach high values; in 

addition, rocks are exposed to the influence of magma 

and hydrothermal effects. 

 Petroleum geology, however, is only concerned with the 

stage precursing metamorphism.

 As far as organic constituents are concerned we shall 

refer to this stage precursing metamorphism as 

metagenesis to organic matter



 Minerals are severely transformed under those conditions: clay 

minerals lose their interlayer water and gain a higher stage of 

crystallanity iron oxides containing structural water (goethite) 

change to oxides without water (hematite)etc.; severe pressured is 

solution and recrystallization occur, like the formation of quartzite, 
and may result in a disappearance of the original rock structure.

 The rock reaches temperature conditions that lead to the 

metagenesis of organic matter. At this stage the organic matter is 

composed only of methane and a carbon residue, where some 

crystalline ordering begins to develop. Coals are transformed into 

anthracite.

 True conditions of metamorphism result in greenschist and 

amphibolite facies development. 

 Coal is transformed into metaanthracite, which has a vitrinite

reflectance of more than 4%.‘

 The constituents of the residual kerogen are converted to graphitic 

carbon.



 Diagenesis

 Catagenesis

 Metagenesis

 Metamorphism


