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1.2 XEHENE
1.2.1 FEL A
Petroleum System

1 Petroleum — shorthand for hydrocarbon oils and gasses as well as solid hydrocarbons such
as asphalt deposits — occurs in the pores of rock formations in the earth’s crust. For petroleum
to form and accumulate in economic quantities in the subsurface the following geological features
must be present: (1) source rock, (2) the source rock must be mature, (3) a migration path for the
petroleum, (4) a porous reservoir rock, (5) a seal plus trap that stops the petroleum from escaping
to the surface. Fig. 1.1 schematically shows the elements of a petroleum system.

2 The development of a viable petroleum system requires the presence of a thick sedimentary
sequence consisting of, e.g., sandstone, claystone or limestone, and including organic-rich layers
(i.e. source rocks) that are buried deep enough for that source rock to have become hot enough to
start generating oil or gas. Though in some parts of the world petroleum occurs in crystalline
basement rocks, such oil or gas accumulations are also sourced from sedimentary source rocks. In
practice any rock can form a petroleum reservoir provided it is porous, is covered by a sealing layer

such as shale or salt, and is connected to a source of hydrocarbons.

Chapter | Petroleum Reservoir i & -« 001 -



Seal Roch
~ Reservoir

Source Rock
350°F

Generation

Fig. 1.1 Generation, migration and trapping of hydrocarbons®

3 Both marine and non-marine sedimentary sequences can contain source rocks. The key
requirement for organic-rich deposits or source rocks to form is that the organic material (e.g.,
marine algae or land plants) are deposited under reducing conditions and quickly buried by other
sediments. Though bacterial action can generate natural gas from such source rocks, the main
way petroleum is generated is through heating of the organic material to temperatures above
approximately 70°C. This heating occurs through the natural heat flow in the earth crust with
temperatures increasing with depth at a rate of some 3°C per hundred meters. In combination with
pressure increases due to deep burial and the availability of long periods of time these high
temperatures convert the organic matter into liquid hydrocarbons and/or natural gas. These can
then move away or “migrate” from the source and accumulate in favorable structures elsewhere in

the sedimentary sequence (Fig. 1.1).

Reservoir

4 Expulsion of petroleum out of deeply buried source rocks that have reached maturation
temperatures in the hydrocarbon “kitchen” is followed by migration into reservoir rocks where it
accumulates in the pore spaces between the grains of the rock (Fig 1.2). Unless the spaces between
the grains, the porosity, are connected, hydrocarbons cannot migrate into the reservoir. The ability

of a rock to allow fluids to flow through it is called permeability.

Fig. 1.2 Typical components of a sandstone reservoir®

(D Source: http://petroleumsupport.com/petroleum-system-to-accumulate-hydrocarbon/.
(2 Source: http://geology.yoo7.com/t1024-topic.
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5 During burial the porosity and permeability of the reservoir rock are modified as the grains
become packed more tightly together and new minerals may be precipitated as cement in the pore
spaces (Fig. 1.2). Well-sorted sedimentary rocks with a mature texture deposited in a high-energy
environment generally have good primary porosity and permeability.

6 Depending on the environment of deposition a reservoir rock will be relatively homogeneous
or clearly layered. The different types of layering will result in porosity and permeability varying
both horizontally and vertically. Typically permeability is highest parallel to the depositional

layering (Fig. 1.3). Such variations in reservoir quality give rise to reservoir heterogeneity.

Fig. 1.3 Sedimentary rock layers®

Source

7 Hydrocarbon source rocks are sediments containing large amounts of organic matter, e.g.,
coal seams (Fig. 1.4). Coal deposits are formed from peat swamps and are rich in the remains
of land plants making them gas-prone source rocks. Source rocks that are rich in algal and/or
bacterial matter are more oil prone. Oil-prone source rocks mainly form as organic-rich shale
deposits in poorly oxygenated seas or lakes. Shale deposits contain 90% of all organic matter found
in sediments. The greatest volumes of marine source rocks are of Jurassic - Cretaceous age. These
formed when in many parts of the world oxygen-poor conditions prevailed in shallow seas. These
Jurassic-Cretaceous source rocks have generated about 70% of the world’s liquid hydrocarbons
with the bulk of this oil occurring in the Middle East. Lakes can also give rise to very rich source
rocks that are commonly called oil shales. The Green River oil shale deposit in the western United
States is a well-known example of a non-marine source rock. Though presently still uneconomic to
produce, these oil shales contain a huge hydrocarbon resource that will one day be developed using
novel technology.

8 Source rocks have the potential to generate hydrocarbons given the appropriate burial
history and geothermal gradient. To become mature for oil or gas generation, source rocks need
to be buried to a depth of at least some three kilometers for a significant period of geological
time. Significant amounts of hydrocarbons are only generated if the source rock is heated to a

temperature of some 70-150°C .

(D Source: http:/www.dreamstime.com.
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Fig. 1.4 Coal seams®

Seal

9 Unless an impermeable rock unit or “seal” caps reservoir units (Fig. 1.1), hydrocarbons will
not be retained in them but escape to the surface to form a seepage (Fig. 1.5). Shales and evaporites
may form effective barriers to hydrocarbon migration as do faults in some circumstances. Shales
and evaporite rocks such as rock salt, form seals for oil and gas accumulations as their pore systems
are so small that migrating hydrocarbons cannot displace the pore-filling waters that are always
present in subsurface rocks. In other words, the capillary entry pressures of shales and evaporites

are too high for hydrocarbons to move through such rocks unless these sealing rocks are fractured.

Fig.1.5  Oil seepage®

Trap
10 Reservoir units overlain by sealing rock types will not trap hydrocarbons unless a three
dimensional “container” exists that is sealed on the sides as well as on top (Fig. 1.6) in order

to stop the relatively light hydrocarbons escaping to the surface. Structural traps are formed

@ Source: http://www.groundtruthtrekking.org/photo/coal-seams-on-upper-lignite-creek/.
(2 Source: http://www.ruhalayaseminary.org/demo/natural-oil-seeps.
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as a result of deformation of strata in the earth’s crust such as folding, faulting or diapirism.
Stratigraphic traps occur where there is a permeability barrier caused by lateral and/or vertical
variation in sedimentary rock types. Some large petroleum traps have been formed by both
structural and stratigraphic means and these are known as combination traps.

Dry hole
i

Fig. 1.6  Anticline trap?

11 For economic accumulations of hydrocarbons to form all the elements of a petroleum
system must be in place: (1) a source rock, (2) the source rock should be mature, (3) a migration
path way, (4) a reservoir rock, (5) sealing rock layers, and (6) a trapping structure. Last but not
least the timing of trap formation is also crucial. If the trap has not yet formed at the time when
hydrocarbons are generated and migrating into the potential reservoir, the hydrocarbons will
escape to the surface and be lost.

12 When assessing the hydrocarbon prospectivity of an area the petroleum geologist will need
to establish that all the necessary elements of a valid petroleum system are present and confirm
that the geological history of the area being explored is favorable for the occurrence of commercial
quantities of hydrocarbons prior to making the technical recommendation to test prospectivity
with the drill bit. (1195 words )

algae ['eldzi: | Wk M
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basement rock e
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bacterium [ beek 'troriom | YHE8 ( bacteria pl. )
capillary entry pressure [ ka'pilart ] E40 BHEN

cement n & v. [R5, W4h

(D Source: http://kids.britannica.com/comptons/art-53783/An-anticline-petroleum-trap-resembles-an-u nderground-
hill.
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