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PETROLEUM GEOLOGY

A source rock It is fine clay & silt are carried together with the dead
organic remains deposited under deltaic, Lacustrine & marine
conditions to form organically- rich shales. It is a sedimentary rock
that contains sufficient organic matter (OM), It is not less than (5%)
for shale and (35%) for argillaceous limestone. so that when it is
buried and heated it will produce petroleum (oil and gas). The
principle biological components of living organisms are proteins,
carbohydrates, lipids and lignin. The two basic requirements for
the generation and preservation of organic matter in sediments are

(1) high productivity and (2) oxygen deficiency of the water

column and the sea bed .



Source rocks can be divided into two types

1- Sources that generated and released hydrocarbons in large
quantities by forming economic (commercial) accumulations.

2- Promising source rocks (rocks source potential) that have
the same ability to generate hydrocarbons, but this has not
been done.

The organic matter has not yet fully matured. Kerogen
constitutes 95% of the organic matter in shale rocks

Shale, Mudstone, and Marl.



The source rocks are distinguished in terms of their rocky
structure by the small sizes of their grains or the crystals that
compose them, i.e. they are characterized by granules.

Soft and very soft, whose sizes are smaller than 2 microns, i.e.
0.002.0 mm in diameter, reflecting the fineness of the porous
system and increasing

The surface area of the grains and the high probability that
they contain eternal water. In addition to containing good
proportions of minerals



Clay (and within different bodies and varying in type and
composition, whereby it becomes under the name of muddy
rocks).

(argillaceous rocks) with different proportions of organic
materials (matter organic) graded within the stage of

Thermal maturation to generate hydrocarbons.
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1 - limestone argillaceous rocks: characterized by being fine-crystalline



Medium to high compressibility, i.e. cohesive, and characterized by good
proportions of insoluble materials residual Insoluble. These rocks are deposited in
deep basin environments to the outer shelf. These rocks are often deposited in
deep, swampy, swampy or closed bay environments. These rocks are often
deposited in these two basins. The two basins are characterized by the Felsic layer.

2- Calcareous shale and loess rocks(Shaley and marly limeston RX) :These rocks are
characterized by addition to being micro-crystalline with varying compressibility
because it contains high proportions of insoluble waste and often More than 50%
by weight of the rock, if it is characterized by stratification, it means shale
calcareous rocks, and if Characterized by the characteristic of elasticity becomes
Marley Limestone these rocks are deposited in deep basin environments to deep
outer shelf and sometimes cosmic environments.



3- Shale rocks: These rocks are characterized by containing high levels of insoluble
waste. It often exceeds 90% by weight of the rock, especially the clay minerals,
which are characterized by the layering feature (Al-Falasi) contains good
proportions of organic matter, which gives it different dark colors, like shale Black
These rocks are deposited in deep basin environments and closed cosmic
environments and under reductive condition.
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What we mean by Kerogen?

Kerogen is a waxy, insoluble organic substance that forms when

organic shale is buried under several layers of sediment and is heated. If this
kerogen is continually heated, it leads to the slow release of fossil fuels such
as oil and natural gas, and also the non-fuel carbon compound

graphite.?l Shales that are especially rich in kerogen can actually be burned
directly, but only have seen limited use as a fuel throughout history.2! During
petroleum generation, bitumen also forms from kerogen.

There are different types or classes of kerogen. Type | consists mainly

of algae and is the most likely type of kerogen to produce oil when exposed
to high temperatures. Type Il is a type of kerogen that is composed of a mix
of terrestrial and marine organic materials and can sometimes produce oil.
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Type Il kerogen is composed mainly of wood-like material along with some
algae and plankton, generally creating natural gas.!

Kerogen is considered to be a major carbon sink in the carbon cycle,

containing nearly 10%® tonnes of carbon.™! As well, the ability to study

kerogen has led to insight in the formation of sedimentary rocks and how
these organic.

Fig.(1):kerogen
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. Kerogen is an insoluble organic substance
that forms when organic shale is buried under several
layers of sediment and is heated.

Maturation :solid kerogen is transformed to liquid
and gaseous hydrocarbons.

Kerogen Type
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The kerogen types present in a source rock can be
recognized on the basis of optical properties such as
color, fluorescence, and reflectance.

Type-l kerogen (liptinite): Has a high hydrogen to

carbon ratio (> 0.5) but a low oxygen to carbon ratio
a low oxygen to carbon ratio (<0.1) and the potential
for oil and gas is high. It is oil-prone, with a high yield
(up to 80%). It is derived mainly from an algal source,
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rich in lipids, which is formed in lacustrine and/or
lagoonal environments. Liptinite fluoresces under
Ultra Violet (UV) light. Type | kerogen is relatively
rare.

Kerogen Type (Cont.)

Type-ll Kerogen (Exinite) has intermediate hydrogen
to carbon and oxygen to carbon ratios. It is oil-and
gas prone, with yields of 40-60%.



The source is mainly membranous plant debris
(spores, pollen, and cuticle),and phytoplankton and
bacterial microorganisms in marine sediment with
medium to high sulfur content. The presence of
sulfur influences the timing and rate of kerogen
maturation. Exinite fluoresces under UV light. Type Il
kerogen are the most abundant.

Type- lll kerogen (Vitrinite) has a low ratio of
hydrogen (<1.0) and high ratio (>0.2 or 0.3) of

17



oxygen relative to carbon, and therefore forms a
low yield kerogen, principally generating gas.

The primary source is terrestrial higher plant
debris found in coals or coaly sediments. Vitrinite

dose not fluoresce under UV light, however it is
iIncreasingly reflective at higher levels of

maturity and therefore can be used as an
Indicator of source rocks maturity.

Type-lV kerogen (Inertinite) is the non
fluorescing product of any of above kerogens. It



IS high In carbon and very low in hydrogen, and
is often termed “Residual kerogen” or "dead
carbon” having no effective potential to yield oill
and gas.

19
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Fig.(4): Kerogen formatio
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Formation of kerogen

The formation of kerogen represents a major step in the formation of oil and
natural gas, as kerogen serves as the source of these fossil fuels. For
kerogen to form, dead phytoplankon, zooplankton, algae, and bacteria must
sink to the bottom of an ancient still water environment. After, this dead
material must mix with inorganic, clay-like materials that enter these oceans
from streams and rivers. This creates an organic-rich mud - which cannot be
exposed to too much oxygen or else the organic matter within the mud is
decomposed too quickly by bacteria. Before this organic matter is destroyed,
it is buried by more sediment and lithifies (becomes sedimentary rock),
creating organic shale.2 If this shale is buried between 2 and 4 kilometers,
its temperature increases due to its location in the Earths interior. This
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increasing pressure and temperature of the shale finally transforms it into
kerogen.E!

Van Krevelen diagrams are graphical plots developed by Dirk Willem van
Krevelen (chemist and professor of fuel technology at the TU Delft) and used
to assess the origin and maturity of kerogen and petroleum. The

diagram cross-plots the hydrogen:carbon atomic ratio as a function of

the oxygen:carbon atomic ratio.

Beginning around 2003, the diagrams are often used to visualize data

from mass spectrometry analysis, used for mixtures other than kerogen and
petroleum.!) For example, the diagrams have been used in one analysis of
the components in Scotch whiskey.?!

Types of kerogen according to van crivlen diagram
25
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Labile kerogen breaks down to generate principally

liquid hydrocarbons (i.e., oil), refractory kerogen breaks down to generate
principally gaseous hydrocarbons, and inert kerogen generates no
hydrocarbons but forms graphite.

In organic petrography, the different components of kerogen can be
identified by microscopic inspection and are classified as macerals. This
classification was developed originally for coal (a sedimentary rock that is
rich in organic matter of terrestrial origin) but is now applied to the study of
other kerogen-rich sedimentary deposits.

The Van Krevelen diagram is one method of classifying kerogen by ‘'types’,
where kerogens form distinct groups when the ratios of hydrogen to carbon
and oxygen to carbon are compared.*

Type I: Algal/Sapropelic[edit]

Type | kerogens are characterized by high initial hydrogen-to-carbon (H/C)
ratios and low initial oxygen-to-carbon (O/C) ratios. This kerogen is rich in
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lipid-derived material and is commonly, but not always, from algal organic
matter in lacustrine (freshwater) environments. On a mass basis, rocks
containing type | kerogen yield the largest quantity of hydrocarbons

upon pyrolysis. Hence, from the theoretical view, shales containing type |
kerogen are the most promising deposits in terms of conventional oil
retorting.

Hydrogen:carbon atomic ratio > 1.25

Oxygen:carbon atomic ratio < 0.15

Derived principally from lacustrine algae, deposited in anoxic lake
sediments and rarely in marine environments

Composed of alginite, amorphous organic

matter, cyanobacteria, freshwater algae, and lesser of land plant resins
Formed mainly from protein and lipid precursors

Has few cyclic or aromatic structures

Shows great tendency to readily produce liquid hydrocarbons (oil) under

heating
27
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Type II: Planktonic[edit]

Type Il kerogens are characterized by intermediate initial H/C ratios
and intermediate initial O/C ratios. Type Il kerogen is principally
derived from marine organic materials, which are deposited in
reducing sedimentary environments. The sulfur content of type Il
kerogen is generally higher than in other kerogen types and sulfur is
found in substantial amounts in the associated bitumen. Although
pyrolysis of type Il kerogen yields less oil than type I, the amount
yielded is still sufficient for type llI-bearing sedimentary deposits to be
petroleum source rocks.

. Hydrogen:carbon atomic ratio < 1.25

. Oxygen:carbon atomic ratio 0.03 - 0.18

. Derived principally from marine plankton and algae
. Produces a mixture oil and gas under heating
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Type II-S: Sulfurous|edit]
Similar to type Il but with high sulfur content.
Type lll: Humic(edit]

Type lll kerogens are characterized by low initial H/C ratios and high initial
O/C ratios. Type lll kerogens are derived from terrestrial plant matter,
specifically from precursor compounds including cellulose, lignin (a non-
carbohydrate polymer formed from phenyl-propane units that binds the
strings of cellulose together); terpenes and phenols. Coal is an organic-rich
sedimentary rock that is composed predominantly of this kerogen type. On a
mass basis, Type Il kerogens generate the lowest oll yield of principal
kerogen types.

. Hydrogen:carbon atomic ratio < 1

. Oxygen:carbon atomic ratio 0.03 - 0.3

. Has low hydrogen content because of abundant aromatic carbon
structures
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. Derived from terrestrial (land) plants

. Tends to produce gas under heating (Recent research has shown that
Type lll kerogens can actually produce oil under extreme
Conditions)[%][citation needed]

Type IV: Inert/Residual[edit]

Type IV kerogen comprises mostly inert organic matter in the form
of polycyclic aromatic hydrocarbons. They have no potential to produce
hydrocarbons.B’!

Hydrogen:carbon atomic ratio < 0.5
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Carrier Rocks

Coarse- grained and more permeable
geologic layers adjacent to the source
rocks.

Sand, gravel, Sandstone, Limestone,

Fractured rock and basalt
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Fig: 6-Types of rocks- carrier rocks
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