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DESCRIPTION

Petroleum reservoirs located deep beneath the earth’s surface
host complex microbial communities that have adapted to
extreme environmental conditions such as high pressure, limited
oxygen availability, elevated temperature, and restricted nutrient
flow. These microorganisms play a significant role in altering the
chemical composition of hydrocarbons and influencing the
behaviours of oil within reservoir systems. Their presence has
been documented across diverse geological formations, including
sandstone and carbonate reservoirs, where they interact with
crude oil and formation water over extended geological time
periods.

The microbial population in oil reservoirs is composed of
bacteria, archaea, and in some cases, fungi that survive through
metabolic pathways adapted to hydrocarbon-rich environments.
Many of these organisms utilize hydrocarbons as carbon and
energy sources, breaking down complex petroleum compounds
into simpler molecules. This natural biodegradation process
contributes to changes in oil viscosity, density, and overall
composition. In anaerobic conditions commonly found in deep
reservoirs, microbes rely on alternative electron acceptors such as
Sulphate, nitrate, or carbon dioxide to sustain metabolic activity.

One important group of microorganisms present in petroleum
reservoirs includes Sulphate -reducing bacteria. These organisms
use Sulphate ions to oxidize organic compounds, producing
hydrogen Sulphate as a product. This process has both beneficial
and adverse effects. While it contributes to natural
biogeochemical cycling, it can also lead to souring of crude oil
and corrosion of infrastructure used in extraction and transport
systems. Methanogenic archaea are another dominant group,
producing methane as an end product of hydrocarbon
degradation under strictly anaerobic conditions.

The metabolic activity of reservoir microorganisms is influenced
by including temperature
gradients, salinity levels, pressure conditions, and nutrient

several environmental factors

availability. Thermophilic species are commonly found in high-

temperature reservoirs, while halophilic organisms dominate in
saline formations. These adaptations allow microbial
communities to persist in environments that would otherwise be
unsuitable for most life forms.

Microbial interaction with petroleum hydrocarbons is not
uniform. Different species target specific fractions of crude oil,
such as alkanes, aromatics, and resins. This selective degradation
can lead to changes in oil quality over time, a process sometimes
referred to as natural biodegradation. Heavy oils found in some
reservoirs are partially the result of longterm microbial
alteration of lighter hydrocarbons. This transformation affects
extraction efficiency and refining requirements.

In petroleum engineering applications, understanding reservoir
microbiology has practical importance. Microbial processes can
influence oil recovery rates by modifying reservoir permeability
and fluid flow characteristics. In some cases, microbial activity
leads to the production of gases that help displace trapped oil,
improving extraction efficiency. However, uncontrolled
microbial growth may also lead to blockages in pore spaces or
formation of biofilms that hinder fluid movement.

techniques such as metagenomic
sequencing and fluorescence in situ hybridization have improved
the ability to study microbial diversity in deep subsurface
environments. These tools allow researchers to identify microbial

communities without the need for traditional cultivation

Advanced molecular

methods, which are often limited due to the extreme conditions
of reservoir environments. Genetic analysis has revealed a wide
range of metabolic capabilities among reservoir microorganisms,
including hydrocarbon degradation pathways, Sulphur cycling
mechanisms, and carbon fixation processes.

The interaction between microorganisms and petroleum systems
is also influenced by historical geological conditions. Reservoir
formation processes, including sediment deposition and organic
matter accumulation, create that support
microbial colonization over millions of years. Once established,
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these microbial ecosystems remain relatively stable unless
disturbed by external factors such as drilling or water injection.

Industrial applications have explored the use of microbial
activity to enhance oil recovery processes. By stimulating specific
microbial populations within reservoirs, it is possible to alter oil
properties in a way that facilitates extraction. This approach
involves introducing nutrients or other stimulating agents into
the reservoir to encourage microbial growth and metabolic
activity. The resulting changes in oil composition and flow
behaviours can improve production efficiency in mature fields.
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Conclusion

Research continues to explore the diversity and functional roles
of microorganisms in subsurface petroleum environments. Each
reservoir presents unique microbial characteristics shaped by
geological history and environmental conditions. Continued
investigation into these microbial systems contributes to
improved understanding of subsurface ecology and supports
more efficient resource management strategies.
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