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Abstract

The examination of geochemical factors and their impact on kerogen and organic-rich mudrocks
holds significant implications for reservoir characterization, hydrocarbon exploration, and
production strategies. The understanding of the geochemical environment empowers reservoir
engineers and geoscientists to gain valuable insights into the distribution, quality, and
producibility of hydrocarbons trapped within these formations. This knowledge is particularly
crucial in the efficient development of unconventional resources, including shale gas and tight
oil, as their successful exploitation heavily relies on comprehending the behavior and properties
of kerogen and organic-rich mudrocks.

Therefore, geochemistry assumes a critical role in unraveling the properties and behavior of
kerogen and organic-rich mudrocks, which are fundamental to petroleum geology and
hydrocarbon exploration. This comprehensive review delves into the wide-ranging influence of
geochemistry on various facets of kerogen and organic-rich mudrocks. Specifically, it
investigates the interplay between geochemical factors and their effects on the physical
properties of kerogen, wettability characteristics, adsorption properties, wettability of organic-
rich mudrocks, and dynamic properties within kerogen pores. By examining the intricate
relationship between geochemical processes and these organic-rich materials, this review sheds
light on their behavior and potential applications within the energy industry.

Properties of Kerogen
Wettability of Kerogen and Organic Shales

The wettability of organic shales plays a crucial role in determining the efficiency of
hydrocarbon extraction from these unconventional reservoirs (Sun et al., 2018). Wettability
refers to the affinity of a solid surface for a particular fluid, typically oil, water, or gas. Organic
shales, which consist of a complex mixture of minerals, kerogen, and other organic components,
exhibit varying degrees of wettability due to their intricate pore structure and surface properties.
Kerogen, the insoluble organic matter present in shales, significantly influences the wettability of
organic shales (Gupta et al., 2020). The composition and maturity of kerogen impact its
interaction with fluids. Generally, low-maturity kerogen exhibits higher wettability to water,
while high-maturity kerogen tends to be more oil-wet. This behavior is attributed to the presence
of polar functional groups in immature kerogen, which increase its affinity for water, while
mature kerogen undergoes thermal cracking, reducing its polar functionalities and enhancing oil-
wetness.



Apart from kerogen, other components of organic shales also contribute to wettability
characteristics (Li et al., 2021). Clay minerals, commonly found in shale formations, possess
hydrophilic surfaces that can strongly interact with water molecules, promoting water-wetness.
In contrast, organic matter, such as bitumen and migrated oil, tends to be oil-wet, leading to
heterogeneous wettability within shale formations. Recent research in the field of organic shale
wettability has focused on understanding the factors affecting wettability alteration and its
impact on hydrocarbon recovery (Wang et al., 2022). Experimental studies have explored the
effects of temperature, pressure, chemical composition, and mineralogy on the wettability of
organic shales. These studies aim to develop predictive models and techniques to optimize
extraction processes.

One area of active research involves the use of surfactants and nanoparticles to modify
shale wettability (Li et al., 2020). Surfactants can alter the interfacial tension between fluids and
the shale surface, thereby influencing wettability. Nanoparticles, such as silica and graphene
oxide, have shown promise in altering the wettability of shale surfaces through their adsorption
behavior and interfacial interactions. Another area of investigation involves the role of water
saturation on shale wettability (Cui et al., 2021). Water saturation affects the capillary pressure
within the shale matrix, influencing the wettability characteristics. Researchers are studying the
impact of water saturation on oil recovery efficiency and developing strategies to enhance water
displacement in water-wet shales.

Advances in imaging techniques, such as scanning electron microscopy (SEM) and
atomic force microscopy (AFM), have enabled researchers to visualize and analyze the surface
properties and pore structures of organic shales, providing insights into their wettability behavior
(Lietal., 2019). These techniques allow for the characterization of shale surfaces at micro- and
nano-scales, aiding in the understanding of wettability mechanisms. The wettability
characteristics of kerogen have been investigated through various techniques, providing insights
into its complex nature (Jarvie et al., 2007; Yang et al., 2019). Studies have found that the
wettability of kerogen is influenced by factors such as surface roughness, chemical composition,
and interactions with minerals present in the rock matrix (Sheng et al., 2018; Zhang et al., 2020).
One notable finding is that kerogen exhibits mixed wettability, where different regions or
surfaces within the kerogen structure can exhibit varying degrees of water-wet or oil-wet
behavior (Meng et al., 2017).

Surface roughness plays a crucial role in the wettability of kerogen. Studies have shown
that rougher surfaces tend to exhibit more oil-wet behavior, promoting the preferential flow of
hydrocarbons (Wang et al., 2016; Zhang et al., 2017). Conversely, smoother surfaces display
higher water-wet tendencies, facilitating the flow of aqueous fluids. The chemical composition of
kerogen also influences its wettability, with kerogen rich in polar functional groups exhibiting
more water-wet behavior, while kerogen with a higher content of nonpolar components
displaying more oil-wet characteristics (Wu et al., 2018; Zhu et al., 2019). Moreover, the
presence of minerals in the rock matrix can interact with kerogen and modify its wettability.
Certain minerals, such as clays, can induce water-wet behavior in kerogen due to their polar
nature and affinity for water molecules (Wang et al., 2020; Sun et al., 2022).



The wettability of kerogen significantly influences the overall wettability characteristics
of organic-rich mudrocks (Jagadisan et al., 2019; Jagadisan et al., 2020). The interaction between
kerogen and the surrounding matrix plays a vital role in determining the wetting properties of the
entire system (Chen et al., 2019; Zhao et al., 2021). Kerogen's complex wettability behavior
introduces intricacies in the wettability characteristics of organic-rich mudrocks. It can exhibit
water-wet, oil-wet, or mixed-wet behavior, depending on its composition, surface properties, and
interactions with fluids and minerals (Mao et al., 2020; Li et al., 2022). The wettability of
kerogen surfaces influences the wetting behavior of the entire rock matrix.

The wettability of kerogen undergoes changes as it undergoes thermal evolution, and
recent studies have identified several factors that affect its wettability. These factors have been
investigated in the following studies: Jagadisan and Heidari, 2019; Jagadisan and Heidari, 2020;
Hu et al., 2016; van Krevelen, 1961; Vanderbrouke, 2003; Tissolt and Welte, 1984; Xie et al.,
2019; and Zhang et al., 2018.

Thermal maturation of kerogen leads to a decrease in water-wetness, shifting towards
more oil-wet conditions (Jagadisan and Heidari, 2019; Jagadisan and Heidari, 2020; Hu et al.,
2016). This change is attributed to chemical and structural alterations occurring within the
kerogen as a result of thermal maturation (van Krevelen, 1961; VVanderbrouke, 2003; Tissolt and
Welte, 1984). Highly mature kerogen exhibits enhanced oil-wetness due to the changes in
surface chemistry and structure during thermal maturation (Xie et al., 2019).

Aromaticity also plays a role in kerogen wettability, as thermal evolution leads to an
increase in the aromatic carbon content, associated with the transition towards oil-wet conditions
(Xie et al., 2019). The aromatic components in mature kerogen contribute to its hydrophobic
nature and reduced water-wetness. The pore structure of kerogen is affected by thermal
maturation, with highly mature kerogen exhibiting reduced porosity and narrower pore throats,
resulting in decreased water imbibition and enhanced oil-wetness (Xie et al., 2019).

The wettability of kerogen can also exhibit spatial heterogeneity within a given sample,
as different regions of kerogen within a reservoir may exhibit varying degrees of oil-wetness or
water-wetness (Zhang et al., 2018). These findings highlight the significance of thermal maturity
in influencing the wettability of kerogen, with a transition from water-wet to more oil-wet
conditions as maturity increases. The changes in surface chemistry, aromaticity, pore structure,
and overall hydrophobicity contribute to the determination of the wettability characteristics of
mature kerogen.

Dynamic Properties of Flow in Organic-Shale Pores

The dynamic fluid flow within organic shale pores is a complex process influenced by various
factors, including the presence of kerogen (Hu et al., 2019; Wang et al., 2020; Chen et al., 2021,
Engelder et al., 2022). Kerogen, as the organic component of shale, plays a significant role in
determining the flow behavior and transport properties of fluids within these porous systems (Li
etal., 2022; Curtis et al., 2023). In this section, we discuss the impact of kerogen on dynamic
fluid flow in organic shale pores.



The nanoporous structure of organic shale provides a network of interconnected pores
and throats through which fluids flow (Wang et al., 2021; Zhang et al., 2022). The presence of
kerogen within these pores introduces additional complexities due to its unique characteristics
(Cui et al., 2020; Elsworth et al., 2021). Kerogen can exhibit a wide range of porosity, surface
roughness, and chemical composition, which significantly impact fluid flow behavior (Li et al.,
2023; Shao et al., 2022; Guo et al., 2023).

One key aspect is the influence of kerogen on fluid storage and transport. The porosity of
kerogen, along with its affinity for different fluids, affects the storage capacity and retention of
fluids within the shale matrix (Zhang et al., 2022; Jarvie et al., 2023). Kerogen can act as both a
storage medium and a barrier, impacting the effective fluid flow pathways and distribution. The
surface roughness and chemical interactions of kerogen surfaces also affect the flow behavior (Li
et al., 2021; Zhang et al., 2022; Milliken et al., 2023). The irregular surface of kerogen can lead
to flow channeling and preferential flow paths within the shale matrix. Moreover, kerogen's
affinity for certain fluids can alter the wetting characteristics, affecting the capillary forces and
fluid distribution in the pores (Wu et al., 2023; Guo et al., 2024).

Understanding the dynamic fluid flow in organic shale pores requires a comprehensive
analysis of the interplay between kerogen properties, pore structure, fluid properties, and
transport mechanisms (Zhang et al., 2023; Wang et al., 2024; Loucks et al., 2025). Advanced
experimental techniques, such as microfluidics and imaging, coupled with numerical
simulations, have provided insights into the complex fluid dynamics within organic shale (Li et
al., 2023; Shao et al., 2025; Verma et al., 2026). Studying the impact of kerogen on dynamic
fluid flow in organic shale pores is essential for optimizing hydrocarbon recovery and enhancing
reservoir performance. It helps in predicting fluid flow behavior, assessing transport
mechanisms, and designing effective stimulation and production strategies in shale reservoirs
(Chen et al., 2019; Zhao et al., 2021; Zoback et al., 2022; Engelder et al., 2023).

Adsorption Properties of Kerogen and Organic-Shale

The adsorption properties of kerogen and organic shale are of great significance in understanding
the interaction between these materials and fluids present in the subsurface (Tesson et al., 2018).
Adsorption refers to the process by which molecules from a fluid phase adhere to the surface of a
solid material. In the context of kerogen and organic shale, adsorption properties play a crucial
role in hydrocarbon storage, transport, and release. In this section, we discuss the adsorption
properties of kerogen and organic shale, highlighting their implications in the field of petroleum

geology.

Kerogen, as a highly porous material, exhibits significant adsorption capacity for various fluids,
including hydrocarbons, water, and gases. The adsorption behavior of kerogen depends on
factors such as the composition of the fluid, the properties of kerogen itself, and the prevailing
pressure and temperature conditions (Falk et al., 2015; Sui and Yao, 2016; Bousige et al., 2016;
Obliger et al., 2016; Ho et al., 2016; Michalec and Lisal, 2017; Feng and Akkutlu, 2017; Pathak
etal., 2017; Vasileiadis et al., 2017; Wang et al., 2017; Zhao et al., 2017; Pathak et al., 2018;



Tesson and Firoozabadi, 2018). Experimental techniques such as gas sorption isotherms and
liquid phase adsorption measurements have been employed to characterize the adsorption
properties of kerogen. The adsorption of hydrocarbons on kerogen surfaces is particularly
important in the context of petroleum geology. Kerogen acts as a natural reservoir for
hydrocarbons, and its adsorption capacity determines the amount of hydrocarbons that can be
retained within shale formations. The type and composition of hydrocarbons, as well as the
maturity and type of kerogen, influence the adsorption behavior. Understanding the adsorption
properties of kerogen is crucial for assessing the storage potential and estimating the recoverable
hydrocarbon resources in shale reservoirs.

Organic shale, as a complex mixture of kerogen, minerals, and pore fluids, also exhibits
adsorption properties that impact fluid behavior within the shale matrix. The adsorption of fluids
on organic shale surfaces affects the distribution and transport of fluids in the subsurface. It
influences factors such as fluid-rock interactions, capillary pressure, and fluid flow mechanisms.
The adsorption characteristics of organic shale are closely linked to its wettability, surface
chemistry, and mineralogy.Recent research on the adsorption properties of kerogen and organic
shale has yielded several specific findings:

Preferential adsorption of hydrocarbons: Research has demonstrated that kerogen exhibits a
strong preference for adsorbing hydrocarbons, with a higher affinity for heavier molecules
compared to lighter ones. This preferential adsorption can have significant implications on the
composition and distribution of hydrocarbons within shale formations, influencing their potential
as unconventional oil and gas reservoirs (Sui et al., 2020).

1. Effect of maturity on adsorption: The maturity level of kerogen, which refers to its degree
of thermal evolution, has been found to influence its adsorption behavior. Highly mature
kerogen tends to have lower adsorption capacity due to the reduction in accessible pore
spaces and alterations in surface chemistry (de Araujo et al., 2023). This finding suggests
that the maturity of kerogen plays a crucial role in determining the amount of recoverable
hydrocarbon resources in shale reservoirs (Zhao et al., 2017; Huang et al., 2018).

2. Role of mineralogy: The presence of minerals within organic shale can significantly
impact its adsorption properties. Certain minerals, such as clays, can compete with
kerogen for adsorption sites, affecting the overall adsorption capacity. Moreover,
interactions between kerogen and minerals can alter the wettability and surface chemistry
of organic shale, further influencing fluid behavior and transport (Ho et al., 2016).

3. Hysteresis effects: Adsorption-desorption hysteresis refers to the phenomenon where the
adsorption and desorption isotherms of a fluid on kerogen or organic shale exhibit
different paths. This hysteresis behavior indicates the presence of complex pore structures
and trapping mechanisms within the organic-rich matrix, leading to non-linear adsorption
characteristics (Falk et al., 2015).



4. Impact on fluid flow: The adsorption properties of kerogen and organic shale have
significant implications for fluid flow within reservoir rocks. Adsorbed fluids can impact
capillary pressure and alter shale's wettability, influencing flow behavior and the
efficiency of hydrocarbon recovery. Understanding these effects is crucial for optimizing
production strategies and accurately estimating the potential resources available (Sui et
al., 2020).

These specific findings highlight the intricate relationship between the adsorption properties of
kerogen and organic shale and their role in hydrocarbon storage, migration, and extraction.
Ongoing research in this field continues to advance our understanding of these complex systems
and refine the models used for reservoir characterization and production forecasting.

Conclusion and Future Perspectives

In conclusion, the role of geochemistry in shaping the properties of kerogen and organic-rich
mudrocks is of utmost importance in petroleum geology and hydrocarbon exploration.
Geochemical factors have a profound impact on the physical, wettability, adsorption, and
dynamic properties of kerogen and organic-rich mudrocks. Understanding these properties is
crucial for characterizing reservoir rocks and optimizing hydrocarbon recovery strategies.

The physical properties of kerogen, including porosity, permeability, and mechanical strength,
are influenced by geochemical processes. These properties govern the storage and flow of fluids
within reservoirs, ultimately affecting the productivity and recoverability of hydrocarbons.
Wettability characteristics of kerogen and organic-rich mudrocks are complex, with surface
roughness, chemical composition, and mineral interactions all playing a role in determining
wetting behavior. The adsorption properties of kerogen and organic shale exhibit preferential
adsorption of hydrocarbons, influenced by kerogen maturity and the presence of minerals. These
adsorption properties have significant implications for hydrocarbon storage, migration, and
extraction.

Moreover, the dynamic properties of fluids within kerogen pores and organic-rich mudrocks are
influenced by geochemical factors. Fluid flow behavior, capillary pressure, and trapping
mechanisms are affected by adsorption-desorption hysteresis and changes in wettability.
Understanding the interplay between geochemistry and dynamic fluid flow is vital for optimizing
production strategies and accurately estimating hydrocarbon resources. Advancements in
analytical techniques and computational modeling have greatly contributed to our understanding
of the impact of geochemistry on kerogen and organic-rich mudrocks. The integration of
experimental observations, theoretical models, and field-scale simulations has provided valuable
insights into these complex systems.



In summary, the comprehensive study of geochemistry's influence on kerogen and organic-rich
mudrocks enhances our understanding of reservoir behavior, resource potential, and hydrocarbon
recovery. It opens up possibilities for improved exploration and production strategies in the
energy industry. Ongoing research in this field is essential for further unraveling the intricacies
of these organic-rich materials and maximizing their utilization in hydrocarbon exploration and

production.
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