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Source rocks in petroleum geology refers to the rocks from
which hydrocarbon have been generated.

They are considered as one of the necessary elements of
working petroleum system.

They are organic rich sediments that may have been deposited
In different environments like deep water marine, lacustrine,
deltaic etc.

Oil Shale can be regarded as an organic-rich but immature
source rock from which little or no oil has been generated and
expelled.

Subsurface source rock mapping methodologies make it
possible to identify likely zones of petroleum occurrence in
sedimentary basins as well as Shale Gas plays.



Source Rocks

hMaore sediment

Plankton and clay accumulates over
floating in water plankton-rich laver
sink and accumulate. and compresses it.

L
As bemperaturne increases,
kerogen turns to oil.

Organic-rich mud
turns to black shale.

Under heat and pressure,
kerogen forms.
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Source Rocks — Origin of Petroleum
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Source Rocks — Origin of Petroleum
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Source Rocks — Organic Matter

« Sedimentary rocks rich in
organic matter

— 0.5-2% by weight

e Most commonly microscopic
marine material, but it can be
land based material also

« Organic material cannot
decay too much

— It has to keep its carbon to
generate petroleum




Organic Rich Sediments as Source Rocks

How Organic Matter accumulates?

Two questions immediately arise from the recognition of
planktonic and aquatic organisms as the primary source of oil
and wet gas.

(1) How do they accumulate in the numbers necessary to yield
the vast volumes of oil and gas known?

(2) How are such numbers preserved from destruction by either
biogenic or chemical agencies?

planktonic organisms - collection of small or microscopic organisms, including algae
and protozoans, that float or drift in great numbers in fresh or salt water, especially at
or near the surface, and serve as food for fish and other larger organisms

aquatic organisms - living or growing in, on, or near the water




Organic Rich Sediments as Source Rocks

The accumulation of vast quantities of living organisms
requires ample oxygen supply.

Both the preservation of the organic matter resulting from the
deaths of the organisms, and the subsequent enrichment of its
hydrogen-rich lipid component to permit the generation of
petroleum, require that oxygen be excluded.

lipid component - any of a group of organic compounds, including the fats, oils, waxes,
sterols, and triglycerides, that are insoluble in water but soluble in nonpolar organic
solvents, are oily to the touch, and together with carbohydrates and proteins constitute
the principal structural material of living cells




Organic Rich Sediments as Source Rocks

This diagram shows the development of bio-molecules into petroleum and,
with further maturation, into gas (left branch at bottom) which causes the
residues to become increasingly more carbon-rich (right branch at bottom)
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Organic Rich Sediments as Source Rocks

Aquatic life depends upon the movement of oxygen rich water.
This movement depends upon the water’'s density, which
depends in turn upon its temperature (the water density being
highest at 4°C) and upon its salinity.

Oxygen-rich surface water may
sink in anti-cyclonic manner,
moving clockwise in the Northern
Hemisphere and counter-
clockwise In the  Southern
Hemisphere.

Alternatively, oxygen-rich bottom
waters may rise towards the
surface as they travel from colder
latitudes towards Equator; this is
cyclonic motion.




Organic Rich Sediments as Source Rocks

Ocean Current Circulations



Organic Rich Sediments as Source Rocks

Where oxygen-rich waters rise towards the surface, they bring
not only oxygen but mineral nutrients into the photic zone. This
leads to the phenomenon known as waterbloom.

The excessive production of plankton is called hypertrophy,
and it creates a “biochemical fence” beyond which the natural
demand for oxygen exceeds its supply.

It the oxygen content falls below 0.5 ml?, the conditions are
said to be anoxic.

Oxygen is then not renewed in the deeper waters. Vertical
mixing of waters in inhibited, and stratification is created.

waterbloom - shallow, warm waters, penetrated by sunlight, “bloom” with phenomenal
populations of phyto-plankton and planktonic protista, especially dinoflagelates




Organic Rich Sediments as Source Rocks

Surface waters becomes separated by a narrow zone from
deeper waters that are colder, denser, or saltier than those
above them, as well as being oxygen-deficient.

The dividing zone for each of those three conditions Is a
thermocline, pycnocline, or halocline.

Within these layers there is mass mortality (death) among fish
and benthonic invertebrates, which are almost totally
suppressed.

thermocline - an abrupt temperature gradient in a body of water such as a lake, marked
by a layer above and below which the water is at different temperatures

pycnocline - alayer in an ocean or other body of water in which water density increases
rapidly with depth

halocline - a well-defined vertical salinity gradient in ocean or other saline water
benthonic - collection of organisms living on or in sea or lake bottoms




Organic Rich Sediments as Source Rocks

These two dgroups of organisms are richest in both
phosphorous and nitrogen and the supply of these two
elements is the chief limiting factor in planktonic growth.

The organic carbon content of the sedimented material
becomes 3% or much higher, and its degradation further
depletes the oxygen supply.



Organic Rich Sediments as Source Rocks

Importance of Sedimentary Organic Matter for Petroleum
Generation



Organic Rich Sediments as Source Rocks

Organic Carbon in Sediments

The sedimentary basins of the Earth contains over 80 x 10°% km?
of sediments and sedimentary rocks.

According to John Hunt, the Total Carbon Content (TOC) of the
crust is about 9 x 10'° kg. Of this quantity, 1.3 x 10 kg are in
Igneous and metamorphic rocks as graphite, carbonatites and
other uncommon minerals.

The hydrosphere and biosphere contain a much smaller
guantity, of the order of 5 x 10** kg.

In the present oceans, organic carbon content decreases with
depth, below about 200 m, and away from coast.



Organic Rich Sediments as Source Rocks

The rest of the crustal carbon content Is In sediments and
sedimentary rocks. Of this portion, over 80% consists of

carbon Iin carbonates.

The TOC of all sediments and sedimentary rocks amounts

about 1.2 x 101° kg.

The total is distributed among the principal natural media as

below,

Principal Natural Media

Amount of TOC (10%°kg)

As dispersed in Sedimentary Rocks 11000
In Coal and Peat 15
As Petroleum in Non-Reservoir Rocks 265
As Petroleum in Reservoirs 1




Organic Rich Sediments as Source Rocks

In words, of all the organic carbon in sedimentary rocks, only
about 0.01% is in the form of oil and natural gas in known
reservoirs.

As Hunt expressed it, the generation and accumulation of
petroleum are very inefficient processes.

In Philip Abelson’s words, in the Earth’s whole history a weight
of organic matter equal to the weight of the whole Earth has
been synthesized, but only about one part in 101°© has been
preserved.

In modern sediments, the content of organic carbon (OC)
Increases with decreasing grain size; about 75% of it is in clay
rocks.



Organic Rich Sediments as Source Rocks

This Is because fine grained sediments delay the rate of
diffusion of oxygen and sulfate ions through the sedimentary
column; these ions are the principal destroyers of organic
matter.

On the Atlantic coastal shelves, OC contents ranges from 6.4%
In diatomaceous ooze to less than 0.3% terrigenous and
volcanic sands.

On the continental slopes, the contents are still lower, about 1%
In oozes to 0.4% volcano-clastic sands.

Early work of Parker Trask suggested that the average OC
content of recent sediments was about 2.5%, of ancient
sediments about 1.5%. The difference represents catabolism of
labile organic matter with temperature and time.



Organic Rich Sediments as Source Rocks

More recent calculations, principally by Hunt, suggest that
although about 3.5% is a fair figure for carbon content of all
sediments and sedimentary rocks, the average organic carbon
content is more like 0.5%.

If OC originally constituted 1% of the sedimentary volume, and
0.1% of this developed into hydrocarbons, then about 800 km?3
of hydrocarbons would have ben formed, or about 5 x10%?
barrels of oil equivalent.

This is the right order of magnitude for the oil equivalent
actually known, recoverable and unrecoverable, conventional
and unconventional.

We need to determine the concentration of Organic Matter (OM)
relative to the mineral matrix of the rock.



Organic Rich Sediments as Source Rocks

The amount of Total Organic Carbon (TOC) is measured by total
pyrolysis technique, and the OM in weight percent (wt%) is
derived by general conversion factors:

OM (weight percent) = OC x 1.22
OM (volume percent) = OM (weight percent) x 2.5

Early studies of Archangelski, Trask and others indicated that
1.5% to 2% by weight of OC was adequate for the sediment to
be an oil source rock.

Tissot and Welte, with much better and more recent data,
consider that a clastic source sediment needs at least 0.5%
TOC by weight, a carbonate source sediment at least 0.3%.



Organic Rich Sediments as Source Rocks

A general consensus among petroleum geochemists
categorizes source quality by Total Organic Carbon (TOC)
percentage as below:

TOC (weight percent) Quality
<0.5 Poor
0.5-1.0 Fair
1.0-2.0 Good
2.0-4.0 Very Good
> 4.0 Excellent

Actual TOC may reach 20% or more by weight. It is highest in
coals and rich oil shales, but these are not “source sediment”
for oil in practical sense.



Organic Rich Sediments as Source Rocks

The TOC in sedimentary rocks is separable into two fractions:

(a) The fraction that is soluble in organic solvents (such as CS,
and chloroform) is bituminous, and loosely called Bitumen.

(b) The insoluble, non-extractable residue from the initial
transformation of OM is called Kerogen (from the Greek
word “keros” which mean wax). In ancient sedimentary
rocks, particularly in shales, kerogen normally constitutes
80% to 90% of the total OM.

The term kerogen was originally coined for the OM in the oll
shales of central Scotland, which on distillation yields liquid oil.

It iIs now used for the intermediate product, formed by
diagenetic transformation of the OM originally enclosed in
sediments, that gives rise to petroleum.



Organic Rich Sediments as Source Rocks

Not all the OC in sedimentary rocks, in other words, Is
convertible into petroleum hydrocarbons.

The geochemists needs to determine the proportion of the TOC
which consists of saturates and aromatics, and the ratio

between these two classes of petroleum hydrocarbon.



Siliciclastic Source Rocks

Petroleum source rocks of
siliciclastic lithologies often
display a well expressed fine
stratification and lamination:

A, seen in an outcrop view
(note pocket knife for scale,
photo by D. Leythaeuser);

B, seen in a thin section under
a microscope (width of image
iIs 2 cm, photo by R. Littke).



Source Rock Material

Non-Biogenic Origins

Biogenic Origins (Kerogen Types)
Kerogen Type I: Algal (Oil prone) — Sapropelic
Kerogen Type Il: Mixed
Kerogen Type lll: Woody (Gas prone) — Humic

Host Rock (Shales and Coals)

Oil and Gas are formed by the thermal cracking of organic
compounds buried in fine-grained rocks.

Algae = Hydrogen rich —— Qil prone
Wood = Hydrogen poor —— Gas prone




Nature and Type of Source Rocks

Source rocks are classified from the types of Kerogen that they
contain, which in turn governs the type of hydrocarbons that
will be generated.

 Type | Source Rocks are formed from algal remains deposited under
anoxic conditions in deep lakes: they tend to generate waxy crude oils
when submitted to thermal stress during deep burial.

e Type Il Source Rocks are formed from marine planktonic and
bacterial remains preserved under anoxic conditions in marine
environments: they produce both oil and gas when thermally cracked
during deep burial.

* Type lll Source Rocks are formed from terrestrial plant material that
has been decomposed by bacterial and fungi under oxic or sub-oxic
conditions: they tend to generate mostly gas with associated light oils
when thermally cracked during deep burial. Most coals and coaly
shales are generally Type Ill Source Rocks.



Nature and Type of Source Rocks

Sedimentary Rocks

Source rocks are widely agreed to be sedimentary

The three sedimentary rock types most frequently
encountered iIn oil fields are shales, sandstones, and
carbonates.

Each of these rock types has a characteristic composition
and texture that is a direct result of depositional environment
and  post-depositional (diagenetic) processes (i.e.,
cementation, etc.)



Nature and Type of Source Rocks

Four Fundamental Properties of Sedimentary Rocks



Nature and Type of Source Rocks

Different Forms of Sedimentary Rocks

« Sandstone
 Conglomerate

» Halite (Rock Salt)
e Gypsum
* Anhydrite

 Limestone
* Chalk
 Coquina

e Coal



Nature and Type of Source Rocks

Sediments and Corresponding Sedimentary Rocks

Sediments Sedimentary Where Sediments
Rocks Accumulates
Gravel Conglomerate Alluvial fans, river channels,
wave-swept coastlines
Sand Sandstone Desert dunes, river channels,
shorelines, deltas, shallow seas
Mud Shale Lakes, river floodplains, tidal
flats, distal deltas, shallow seas
Shells and Lime Mud Limestone Warm shallow sea
CaCO, produced by Chalk Deep sea
Marine Plankton
SiO, produced by Marine Chert Deep sea
Plankton
Woody Plant Matter Peat Coal Swamps
Salt Rock Salt Lagoons or marginal seas in

horse latitudes




Nature and Type of Source Rocks

Shales — Source Rocks and Seals

Description:

Distinctively dark-brown to black in color (occasionally a deep dark
green), occasionally dark grey, with smooth lateral surfaces (normal
to depositional direction) and irregular vertical surfaces (parallel to
depositional direction).

Properties:

Composed of clay and silt-sized particles

Clay particles are platy and orient themselves normal to induced
stress (overburden); this contributes to shale’s characteristic
permeability

Behave as excellent seals

Widely regarded to be the main source of hydrocarbons due to
original composition being rich in organics

A weak rock highly susceptible to weathering and erosion



Nature and Type of Source Rocks

Sandstone — Reservoir Rocks
Description:

Composed of sand-sized particles. Sandstone may contain textural
features indicative of the environment in which they were deposited:
ripple marks (alluvial / fluvial), cross-bedding (alluvial / fluvial or
eolian), graded bedding (turbidity current).

Properties:

Sandstone porosity in on the range of 10% to 30%

Intergranular porosity is largely determined by sorting (primary
POrosity)

Poorly indurated sandstones are referred to as fissile (easily
disaggregated when scratched), whereas highly indurated
sandstones can be very resistant to weathering and erosion



Nature and Type of Source Rocks

Carbonates — Reservoir Rocks

Description:

Grains (clasts) are largely the skeletal or shell remains of shallow
marine dwelling organisms, varying in size and shale, that either
lived on the ocean bottom (benthic) on floated in the water column
(neritic)

Many of these clasts can be identified by shilled paleontologists
and micro-paleontologists and can be used for correlative
purposes or age range dating; also beneficial in establishing index
fossils for marker beds used in regional stratigraphic correlation

Dolomites are a product of solution recrystallization of [imestones

Usually light or dark grey, abundant fossil molds and casts, vuggy
(vugular) porosity



Nature and Type of Source Rocks

Carbonates — Reservoir Rocks

Properties:

Porosity is largely a result of dissolution and fracturing (secondary
pPOrosity)

Carbonates such as coquina (sedimentary rock) are nearly 100%
fossil fragments (largely primary porosity)

These are characteristically hard rocks, especially dolomites
Susceptible to dissolution weathering



Conversion of Organic Material to Hydrocarbons




Generation of Hydrocarbons

Charcoal is a form of the element carbon. Carbon is in all
common fuels. Fuels are materials that give off heat when they
are burned. A fuel may be a solid, a liquid, or a gas. Fuels that
come from the remains of living things are called fossil fuels.
Wood, coal, natural gas and the liquid fuel petroleum are
common fossil fuels.

Petroleum 1s formed within the crust of the earth. It Is also
called crude oill.

Scientists think that the bodies of pre-historic sea animals and
plants became trapped in sediments. After millions of years,
heat and pressure changed them into crude oil and natural gas.

Crude oil and natural gas are usually found together in the
crust of the earth. To get the oil and gas, it is necessary to drill
Into the earth@ crust.



Formation of Petroleum and Natural Gas




Formation of Petroleum and Natural Gas




Formation of Petroleum and Natural Gas




Accumulation of Petroleum and Natural Gas




Accumulation of Petroleum and Natural Gas

Diagram to illustrate the main geological conditions and geochemical processes
required for the formation of petroleum accumulations in sedimentary basins:

1) petroleum generation in source rocks;

2) primary migration of petroleum;

3) secondary migration of petroleum;

4) accumulation of petroleum in a reservoir trap;

5) seepage of petroleum at the Earth’s surface as a consequence of a fractured cap
rock.




Seepage of Asphalt




Formation of Coal



Formation of Coal



Formation of Coal



Formation of Coal



Energy Flow through Fossil Fuels

Coal, Oil and Natural Gas
are derived from biomass
that was produced many
million of years ago.
Deposits are finite and,
since formative processes
require millions of years,
they are nonrenewable.




Formation of Oil and Gas

Tissot (1977) defined three
major phases in evaluation
of Organic Matter (OM) in
response to burial.

« Digenesis
« Catagenesis

« Metagenesis

Diagram to illustrate the main conditions
and processes for kerogen formation from
biological precursor materials and kerogen
transformation into petroleum products
with  increasing maturation (modified
according to McKenzie and Quigley, 1988).




Formation of Oil and Gas




Kerogen is mixture of organic chemical compounds that
makeup a portion of the organic matter in sedimentary rocks.

It Is insoluble in normal organic solvents because of huge
molecular weight of its component compounds. The soluble
portion is known as bitumen.

When heated to high temperatures in the earth’s crust (Oil
Window 60 C to 120 C; Gas Window 100 C to more than 200 C)
some types of kerogens release crud oil or natural gas
collectively known as hydrocarbons (fossil fuel).

When such kerogens are present in high concentrations in
rocks such as shales they form possible source rock.

Shales are rich in Kerogen that have not been heated to a
sufficient temperature to release their hydrocarbons may form
oil shale deposits.



Formation of Kerogen

Generation and presentation of organic matter at the earth’s
surface is now well established, therefore, it will be now
appropriate to consider what happens to this organic matter
when buried in a steadily subsiding sedimentary basin.

As time passes, burial depth increases, exposing the sediment
to increased temperature and pressure.

So, what happens to all the organic matter as it gets buried?



Formation of Kerogen

What happens to all the organic matter as it gets buried?

Obviously organic matter is subjected to higher pressure and
temperatures. Due to increase in pressure and temperature
organic matter converted into oil and gas. Three major
processes like Diagenesis, Catagenesis and Metagenesis takes
place during this conversion.

(1) Diagenesis: Shallow subsurface phenomenon that includes
biogenic decay (bacteria) and abiotic reactions.

Products include Kerogen (the solid remaining) methane,
carbon dioxide (bicarbonate at most pH), water, H,S.

The major change to the solid is that its oxygen content is
reduced, but the hydrogen/carbon ratio isn®changed greatly.



Formation of Kerogen

(2) Catagenesis: Continued burial process where fluid
hydrocarbons is released from the solid matter. Initially liquids,
and later at higher temperatures gas.

The hydrogen/carbon ratio decreases, but the O/C ratio doesn®
change much.

(3) Metagenesis: Continued burial process where pressure (P)
and temperature (T) approaches metamorphic values. Largely
methane expelled at these T and P.

The H/C ratio continues to decline in the solid as the fluid H/C
ratio increase. Remaining product is graphite.



Types of Kerogen

Kerogen Type I: Initially it has a high H/C and low O/C ratio. It
mainly consists of algal lipids (e.g. fatty acids, wax, alcohol,
oils) and of products of microbial activity.

Kerogen Type | is typically of freshwater oil shales but also
associated in marine sediments too.

Kerogen Type | is hydrogen rich (atomic H/C of 1.4 to 1.6: HI of
> 700) and is derived predominantly from zooplankton,
phytoplankton, micro-organisms (mainly bacteria) and lipid rich
components of higher plants (H/C ratio 1.7 to 1.9).




Types of Kerogen

Kerogen Type lI: It has a small O/C relatively high atomic ratio.
It Is a mixture of marine organism (phyto-plankton and zoo-
plankton) plus normally a certain percentage of land plants
deposited in areducing envirinonment.

Kerogen Type Il is the most common in oil source rock.

Kerogen Type Il is intermediate in composition (H/C 1.2: HI
600) and derived from mixtures of highly degraded and partly
oxidized remnants of higher plants or marine phytoplankton.




Types of Kerogen

Kerogen Type lll: It has a very low H/C and initially the highest
O/C atomic ratio and consists of organic matter from terrestrial
plants (vitrinite).

Kerogen lll is the main natural gas source rock even at greater
depths but only a lean to moderate oil source rock. In the initial
stage of maturity it generates abundant carbon dioxide.

Kerogen Type Ill is hydrogen poor (H/C ratio 1.3 to 1.5) and
oxygen rich and is mainly derived from cellulose and lignin
derived from higher plants.




Types of Kerogen

Residual Kerogen (Type IV or llIB): It has the lowest H/C atomic
ratio. It consists mostly re-worked and oxidized or weathered

organic matter and has no potential, neither oil nor gas.

Kerogen Type IV is hydrogen poor and oxygen rich and
essentially inert. This organic matter is mainly derived from

charcoal and fungal bodies. Type IV Kerogen is not always
distinguished but is grouped with Type IIl.




Types of Kerogen



Types of Kerogen and Hydrocarbon Potential



Maturation of Kerogen

When Kerogen is immature, no petroleum will be generated, but
with increasing maturity, first oil and then gas will expelled.

When Kerogen is over matured neither oil nor gas remains.

The maturation of Kerogen can be measured by several
techniques.

The rate of maturation may be dependent on temperature, time,
and possibly pressure.



Conversion of Kerogen



Conversion of Organic Material to Hydrocarbons

The principal condition is that this conversion take place in an
essentially oxygen-free environment from the very beginning of
the process.

Anaerobic bacteria may help extract sulfur to form H,S and N,
In addition to the earlier formation of CO, and H,O. This
explains the low sulfate content of many formation waters.

On burial, Kerogen is first formed. This is then gradually
cracked to form smaller HC, with formation of CO, and H,O. At
higher temperatures, methane is formed and HCs from C;; to
CSO-

Consequently, the carbon content of Kerogen increases with
Increasing temperatures. Simultaneously, fluid products high in
hydrogen are formed and oxygen is eliminated.



Diagenesis Process

Diagenesis Is any chemical, physical or biological change
undergone by a sediment after its initial deposition and during
and after its lithification exclusive of subsurface alterations and
metamorphism.

These changes happens at relatively low temperature and
pressure and results in changes to rocks original mineralogy
and texture.

This phase occurs in the shallow subsurface at near normal
temperatures and pressures. It includes both biogenic decay
alded by bacteria, methane, carbon dioxide and water are given
off by the organic matter, leaving a complex hydrocarbon
termed Kerogen.



Diagenesis Process

The net result of diagenesis of organic matter is the reduction

of its oxygen content, leaving the hydrogen : carbon ratio (H:C)
unaltered.

Grains of sedimentation, rock fragments and fossils can
replaced by other minerals during diagenesis.

Porosity usually decreases during diagenesis expect in rare
cases such as dissolution of minerals and dolomitization.



Role of Diagenesis in Hydrocarbon Generation

When animals or plant material is buried during sedimentation,
the constituent organic molecules (lipids, proteins,
carbohydrates and lignin-humic compounds) breakdown to the
Increase in temperature and pressure.

This transformation occurs in the first few hundred meters of
burial and results Iin the creation of two primary products:
Kerogen and bitumen.

It is generally accepted that hydrocarbons are formed by
thermal alteration of these kerogens.

In this way, under certain conditions (which are largely
temperature dependent) kerogens will break down to form
hydrocarbons through a chemical process known as cracking
or Catagenesis.



Role of Diagenesis in Hydrocarbon Generation




Catagenesis Process

Catagenesis process occurs in the deeper subsurface as burial
consists and temperature and pressure increases.

Petroleum is released from Kerogen during catagenesis, first in
the form of oil and later gas.

The hydrogen : carbon ration declines, with no significant
change in the oxygen : carbon ratio.



Metagenesis Process

Metagenesis process occurs at high temperature and pressure
varying on metamorphism.

The last hydrocarbon, generally only methane, are expelled.

The hydrogen : carbon ratio declines until carbon is left in the
form of graphite.



Evaluation of Petroleum Source Rock Potential

Questions for exploration geologist:

Does the rock have sufficient organic matter?
Is the organic matter capable of generating?
Has this organic matter generated petroleum?

Has the generated petroleum migrated out?

a H~ DD PE

Is the rock oil-prone or gas-prone?



Evaluation of Petroleum Source Rock Potential

Source Rock Quality

The primary factor determining source rock quality is the
guantity of Total Organic Carbon (TOC).

TOC (weight percent) Quality
<0.5 Poor
05-1.0 Fair
1.0-2.0 Good
2.0-4.0 Very Good
> 4.0 Excellent

Additionally, the quality of the source rock is better for higher
H:C ratios before thermal maturation. As thermal maturation
proceeds and HCs are formed, the Kerogen will continuously
deteriorate as a source for HC formation.



Evaluation of Petroleum Source Rock Potential

Source of different Macerals



Evaluation of Petroleum Source Rock Potential

Different Types of Source Rocks

Effective Source Rock: Any sedimentary rock that has already
generated and expelled hydrocarbons.

Possible Source Rock: Any sedimentary rock whose source
potential has not yet been evaluated, but which may have
generated and expelled hydrocarbons.

Potential Source Rock: Any immature sedimentary rock known
to be capable of generating and expelling hydrocarbons if its
level of thermal maturity were higher.



Evaluation of Petroleum Source Rock Potential

Source Rock Potential

Evaluation of source rock uses the method of geochemistry to
guantify the nature of organic rich rocks which contain the
precursors (ancestors) to hydrocarbons, such that the type and
guality of expelled hydrocarbon can be assessed.

If a rock contains significant amounts of organic carbon, itis a
possible source rock for petroleum or gas.

The Total Organic Carbon (TOC) content is a measure of the
source rock potential and is measured with Total Pyrolysis.



Evaluation of Petroleum Source Rock Potential

Organic Carbon in Source Rock

Organic Carbon (OC) is the remnant of ancient life preserved in
sedimentary rocks, after degradation by bacterial and chemical
processes, and further modified by temperature, pressure, and
time.

OC is usually associated with shales or silty shales, but may be
present in silt, sandstone, and carbonate rocks.



Evaluation of Petroleum Source Rock Potential

Determination of TOC in Source Rock

Total Organic Carbon (TOC) in sedimentary rocks can be
divided into two types:

(1) Bitumen, the fraction that is soluble in organic solvents
such as chloroform.

(2) Kerogen, (keros = wax) the insoluble, non-extractable
residue that forms in the transformation from OM. Kerogen is
an intermediate product formed during diagenesis and is the
principal source of hydrocarbon generation. It is a complex
mixture of high-weight organic molecules.



Evaluation of Petroleum Source Rock Potential

Determination of TOC in Source Rock

TOC is mainly used to assess the quality of source rocks, but
may also be used to help evaluate some unconventional
reservoirs (reservoirs that are both source and productive).

Rather than plot the elemental ratios it is common to plot
Indices determined by a pyrolysis technique referred to as
Rock-Eval.

In the pyrolysis techniques two indices are determined: the
Hydrogen Index (HI) which is milligrams of pyrolyzable
hydrocarbons divided by TOC and the Oxygen Index (Ol) which
IS milligrams of pyrolyzable organic carbon dioxide divided by
TOC.



Evaluation of Petroleum Source Rock Potential

Determination of TOC in Source Rock

Cross-plots of both elemental H/C and O/C ratios or of HI and
Ol are utilized to discriminate four ‘fields’ which are referred to
as Types |, II, lll, and IV Kerogen.

The TOC content of rocks is obtained by heating the rock in a
furnace and combusting the organic matter to carbon dioxide.

The amount of carbon dioxide liberated is proportional to the
amount of carbon liberated in the furnace, which In turn is
related to the carbon content of the rock.

The carbon dioxide liberated can be measured several different
ways. The most common methods use a thermal conductivity
detector or infrared spectroscopy.



Evaluation of Petroleum Source Rock Potential

Determination of Maturity of Organic Matter in Source Rock

Chemical Method - Rock-Eval Pyrolysis

Optical Methods
- Vitrinite Reflectance (VRoO)
- Thermal Alteration Index (TAI)
- Time Temperature Index (TTI)
- Level of Organic Matter (LOM)
- Fluorescence Study

Wireline Logs
Isotopic Composition of OM

Mineral Palaeo-thermometers
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Rock-Eval Pyrolysis Technique
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Rock-Eval Pyrolysis Technique

During the last two decades, various authors (e.g., Barker, 1974
& Claypool and Reed, 1976) have used pyrolysis methods to
provide data on the potential, maturity and type of the source
rocks in different sedimentary basins.

Among these techniques, Rock-Eval pyrolysis has been widely
used Iin the industry as a standard method in petroleum
exploration.

Raw Pyrolysis Data is the basic Geochemical Information of
SOM

Hydrocarbons (HC) present in the free or adsorbed state that
are thermally distilled at 300&C.
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Rock Eval Pyrolysis Technique

S1: It is determined as mg/g rock.

S2: The quantity of hydrocarbons generated from kerogen by
cracking during a temperature increase from 3000&C to a final
temperature that depends on the model of the instrument
(5500€C in case of RE-2, 6500&C for RE-5 and 8500&C in case of
the latest version RE-6) is recorded as S2. S2 is reported in
mg/g rock and represents the residual generation potential.
T... Temperature maxima at the top of S2 peak, a maturity
parameter.

HI and OI derived parameters: The hydrogen index (HI = S2 x
100/TOC) and oxygen index (Ol = S3 x 100/TOC) show good
correlation with atomic ratios H/C and O/C respectively and can
be used as proxies for atomic ratios in the van Krevelen
Diagram.
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Rock-Eval Pyrolysis Technique

Rock-Eval Pyrolysis (Analysis Scheme)
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Rock-Eval Pyrolysis Technique

Output and Results of RE - 6
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Hydrogen Index (HI) vs Oxygen Index (Ol)
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van Krevelen Diagram

The most commonly utilized
scheme for classifying
organic matter in sediments is
based on the relative
abundance of elemental
carbon, oxygen, and hydrogen
plotted graphically as the H/C
and O/C ratio on a so called
van Krevelen Diagram.
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van Krevelen Diagram
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van Krevelen Diagram
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Hl versus OIl: Kerogen Types
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Determination of Maturity of Organic Matter in Source Rock

The hydrocarbon potential of organic carbon depends on the
thermal history of the rocks containing the kerogen. Both
temperature and the time are important to determine the
maturity of OM. Maturity of Organic Matter (OM) is measured In
terms of

(1) Vitrinite Reflectance (VRo0): Vitrinite is plant organic matter,
common in coal, which reflects light more strongly as it
becomes more cooked. The value of VRo less than 0.6% is
considered as immature. Oil generative window has VRO
between 0.6% to 1.35%. Medium temperatures (<175€C) produce
mostly oil and a little gas. Warmer temperatures produce
mostly gas. VRo values between 0.60% and 0.78% usually
represent oil prone intervals. VRo > 0.78 usually indicates gas
prone. High values can suggest "sweet spots" for completing
gas shale wells.
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Determination of Maturity of Organic Matter in Source Rock

(2) Thermal Alteration Index (TAI): measures the color of finely
dispersed organic matter on a scale from 1 (pale yellow) to 5
(black). This index has a poor sensitivity within the oil window
(TAl around 2.5 to 3.0) and is not generally used. The value of
less than 2.6 (equivalent of 0.6 VRo0) is taken as immature. The
value for the oil window vary between 2.6 and 3.4 (VR0 between
2.6 and 3.4)

(3) Time Temperature Index (TTIl): This is another maturity
factor combining time, temperature and burial depth of
sediments. The value of 15 is considered as onset of oll
generation and 160 is considered as end of oil generation.
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Determination of Maturity of Organic Matter in Source Rock

(4) Level of Organic Maturation (LOM): It is based on coal ranks
and Is adjusted to give a linear scale. VRo Is used as an
Indicator of the LOM.

(5) Fluorescence Study: Crude petroleum oils are complex
mixtures of different compounds (mainly organic), which are
obtained from an extensive range of different geological
sources. Their physical appearance can vary from solid black
tars to almost transparent liquids. In their natural state within
an oilfield reservoir or entrapped within Hydrocarbon bearing
Fluid Inclusions (HCFI), crude oils will also contain varying
amounts of gasses (carbon dioxide, methane, etc.). This
presents the analyst with considerable challenges when
developing methods for the characterization and analysis of
crude oils.
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Determination of Maturity of Organic Matter in Source Rock

The non-contact, non-destructive, quantitative analysis of
crude petroleum oils is a highly desirable objective for both
research (e.g. study of microscopic HCFI) and industry (e.g.
real-time assessment of oil production).

Satisfying the needs of both macroscopic and microscopic
applications is not straightforward, however, optical methods
offer a convenient route to achieving these goals.

Fluorescence spectroscopy Is the best available optical
technique, because it offers high sensitivity, good diagnhostic
potential, relatively simple instrumentation, and is perfectly
suited to both microscopy and portable instrumentation.
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Purpose of Maturity Indicators

To recognize and evaluate potential source rocks for oil and
gas by measuring their contents in organic carbon and their
thermal maturities.

To correlate oil types with probable source beds through their
geochemical characteristics and the optical properties of
Kerogen in the source beds.

To determine the time of hydrocarbon generation, migration
and accumulation.

To estimate the volumes of hydrocarbons generated and thus
to assess possible reserves and losses of hydrocarbons in the
system.
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Source Rock Criteria

The criteria for a sedimentary rock to be an effective oil source
can be quantitatively described. They are as follows:

The TOC should be 0.4% or more

Elemental C should be between 75% and 90% (in weight)
The ratio of bitumen to TOC should exceed 0.05

The Kerogen type should be | or Il (from lipids)

Vitrinite reflectance should be between 0.6% and 1.3%



Natural Gas

There are two basic types of natural gas, Biogenic Gas and
Thermogenic Gas. The difference between the two is contingent upon
conditions of origin.

Biogenic Gas is a natural gas formed solely as a result of bacterial
activity in the early stages of diagenesis, meaning it forms at low
temperatures, at overburden depths of less than 3000 feet, and under
anaerobic conditions often associated with high rates of marine
sediment accumulation. Because of these factors, biogenic gas
occurs in a variety of environments, including contemporary deltas of
the Nile, Mississippi and Amazon rivers. Currently it is estimated that
approximately 20% of the worlds known natural gas is biogenic.

Thermogenic Gas is a natural gas resulting from the thermal alteration
of Kerogen due to an increase in overburden pressure and
temperature



Limestones as Source Rocks

Limestone contains largely remains the skeletal or shell
remains of shallow marine dwelling organisms, varying in size
and shape, that either lived on the ocean bottom or floated in

water column.

As it contains lot of organic material which can be converted In
to hydrocarbons under favorable conditions, limestone can
also be considered as source rock.

In Gulf of Mexico, North Luciana Limestone is the source rock
for hydrocarbon production in that region.



Shale is a type of detrital sedimentary rock formed by the
consolidation of fine-grained material including clay, mud, and
silt and have a layered or stratified structure parallel to
bedding.

Shales are typically porous and contain hydrocarbons but
generally exhibit no permeability.

Therefore, they typically do not form reservoirs but do make
excellent source rock and cap rock.

If a shale iIs fractured, it would have the potential to be a
reservoilr.



Black Shale

However, if there is little or no
oxygen in the water then
animals can’t survive and the
organic mass accumulates.

Where sediment contains
more than 5% organic matter,
it eventually forms a rock
known as a Black Shale.



Claystone

A fine-grained, dark grey to pink sedimentary rock consisting
primarily of compacted and hardened clay.

Claystone is similar to shale but without lamination.



Subsurface Conditions for Petroleum Generation

Presence of OM and Temperature plays the main role for
generation of Oil and Gas from source rocks.

Oil and Gas generation depends strongly on temperature, such
that the majority of oil generation occurring in the 60 C to
120 C range. Gas generation starts at similar temperature, but
may continues up beyond this range, perhaps as high as 200 C.



Temperature Gradient

Temperature is generally a function of depth because of the earth’s
natural geothermal gradient.

Normal heat flow within the earth’s crust produces a gradient of
approximately 1.5 F for each 100 feet of depth below the surface.

The temperatures required to produce crude oil occur between 5,000
feet and 20,000 feet of depth.

Temperatures above 5,000 feet are not usually sufficient enough to
transform the material into crude oil.

Temperatures below 20,000 feet are generally too high and only
generate gas.

There are, of course, exceptions to the rules. Geologic conditions
such as volcanism and tectonics (folding and faulting) can change or
effect the temperature gradient.



Temperature Gradient



Temperature Gradient



Pressure Gradient

Most pressure that effects rocks is due to the weight of overlying
rocks and is called overburden pressure.

Overburden pressure is a function of depth and increases one pound
per square inch for each foot of depth.

At 3,000 feet, for example, the overburden pressure would be 3,000
pounds per square inch.

Hydrocarbons evolve from an immature stage to oil generation, oil
cracking (wet gas stage), and finally to dry gas generation because of
overburden pressure and the associated increase in temperature.



Temperature Gradient and Pressure Gradient

The dashed curve labeled
“Natural  water” iIs the
pressure trajectory of a water
column with pore waters
increasing from G = 1.00 in
the uppermost 1000 feet to
1.08 at 20,000 feet depth.

The dashed curve labeled
“Natural strata” IS the
pressure trajectory of a

stratigraphic section with a
mineral G of 2.65 with
porosity decreasing from 25%

in the uppermost 1000 feet to
4% at 20,000 feet.



Oil Window

At about 60&C, oil begins to form in the source rock due to the
thermogenic breakdown (cracking) of organic matter (kerogen).

The Oil Window is a temperature dependent interval in the subsurface
where oil is generated and expelled from the source rocks. The oil
window is often found in the 60EC to 120&C interval (approximately 2
km to 4 km depth), while the corresponding Gas Window is found in
the 100€C to more than 200&C interval (approximately 3 km to 6 km
depth).

After expulsion from the source rock, the oil/gas (lighter than water)
migrates upwards through permeable rocks (e.g., sandstones) or
fractures until they are stopped by a tight, non-permeable layer of
rock called seal (e.g., shale).

If hydrocarbons get trapped in a subsurface geological structure, they
may be produced from a hydrocarbon accumulation (reservoir)
through an oil well. If not trapped, the hydrocarbons may eventually
migrate up to the surface, where they can be seen as seeps.



Oil Window
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Oil Window



Oil Window

With depth temperature and vitrinite reflectance increases, i.e.,
maturity of organic matter in source rocks increases.



Oil Window



Questions

1. Define source rock. Explain the process of generation of
hydrocarbons.

2. How organic matter accumulates and get matured to expel oil and
gas?

3. Briefly explain Petroleum System.

4. Explain importance of diagenesis, catagenesis and metagenesis
processes for source rock formation.

5. Write short note on (a) Kerogen; (b) Sandstone; (c) Shale and (d)
Limestone.

6. Write short note on Rock-Eval Pyrolysis Technique

7. Explain source rock evaluation process - various parameters
measured and their relation to hydrocarbon maturity.

8. Explain oil window and role of temperature and pressure in
hydrocarbon generation.






