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Abstract. Recent advancements in astrobiology have positioned Saturn’s moon, Enceladus, as a prime
target in the search for extraterrestrial life. This review synthesizes current findings related to
Enceladus's subsurface ocean, its geochemical properties, and the implications for potential habitability.
Data from the Cassini mission have confirmed ongoing hydrothermal activity and the presence of
biologically relevant compounds such as salts, methane, phosphates, and organic molecules. The
physical and chemical parameters of the ocean — such as temperature, pH, and salinity — indicate that
conditions may support microbial life, particularly methanogenic ecosystems. This paper further explores
the thermodynamic modeling of biomass productivity in such systems and highlights upcoming mission
concepts aimed at in situ biosignature detection. Enceladus continues to be a compelling astrobiological
case study for understanding life’s possible existence beyond Earth.
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Introduction. Recent advancements in astrobiology have led to notable insights into the
habitability of celestial bodies within our solar system, particularly Saturn's moon,
Enceladus. Known for its intriguing subsurface ocean and active plumes, Enceladus has
emerged as one of the leading candidates in the search for extraterrestrial life (Botha et
al 2018). This review synthesizes recent scientific findings that enhance our
understanding of Enceladus's potential to harbor Ilife, focusing on its unique
geochemistry, biological implications, and future exploration narratives.

Enceladus as a Habitable World. The presence of a global subsurface ocean beneath
Enceladus's icy crust has been confirmed through data obtained from NASA's Cassini
mission. Evidence suggests that hydrothermal activity occurs at the ocean's seafloor,
potentially providing the necessary conditions for life (Cable et al 2021; Roche et al
2023). This hypothesis is supported by findings indicating that the ocean is rich in salts
and organic compounds, which are essential building blocks for life (Affholder et al 2022;
Soucek et al 2023). Hydration processes and the dynamics in these subsurface oceans
have captured increasing interest as researchers aim to understand potential habitability
on other icy bodies across the solar system (Escudero & Amils 2023) (Figure 1).

The parameters presented in Table 1 highlight the complex and potentially
habitable environment present on Enceladus. They suggest that favorable conditions
exist for biological processes akin to those seen on Earth, particularly due to the interplay
between hydrothermal activity and the ocean's chemistry. This reinforces the notion that
Enceladus remains a vital focus for astrobiological exploration.
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Figure 1. Proposed model in which H: is the main energy source for primary productivity
in the deep subsurface; figure from Pedersen (1997), modified by Escudero & Amils
(2023).

Methanogenic Biospheres and Ecosystem Modeling. Significant attention has been
directed towards understanding the potential for a methanogenic biosphere within
Enceladus's deep ocean. The atmosphere of Enceladus contains 1.7% methane (Waite et
al 2006; Petrescu-Mag et al 2011). Modeling studies suggest that ecological
thermodynamics can further hypothesize the presence of hydrogenotrophic
methanogenic ecosystems in hydrothermal vents (Affholder et al 2022). These
ecosystems have implications for the detection of biosignatures through plume analysis
(Higgins et al 2024). The quantification of biomass stock and the productivity of such
methanogenic communities enhance the overall understanding of life detection strategies
on extraterrestrial bodies.

The Role of Intriguing Geochemical Processes. The geochemical interactions
between water and rock in the Enceladus ocean are pivotal. The ocean's composition and
the interaction of its elements, particularly those that may facilitate life, underscore the
idea that this moon has the capacity to sustain biochemical cycles akin to those found on
Earth (Cable et al 2021; Soucek et al 2023). The presence of phosphates and organic
material recovered from the plumes indicates that complex organic chemistry is plausible
in its subsurface environment (Klenner 2025).

Future Exploration Missions. Looking towards future explorations, several mission
concepts aim to capitalize on the findings from the Cassini mission. One proposed
project, SILENUS, aims to deploy multiple landers to explore the surface and subsurface
of Enceladus thoroughly (Nathan et al 2022). These missions could enable direct
sampling of the ice plumes, allowing scientists to analyze the chemical and biological
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components in situ. Such explorations promise to define the habitable limits of ocean
worlds, offering insights into the broader implications of life's existence beyond Earth.

Table 1

The most relevant physical and chemical parameters of the environment on Enceladus

along with corresponding references

Parameter

Value

Description

Reference

Ocean depth

~10 km

Estimated thickness of
the subsurface ocean
beneath an ice crust.

Hsu et al (2015)

Ice shell thickness

30 - 40 km

Thickness of the icy
outer shell over the
subsurface ocean.

Hsu et al (2015)

Ocean temperature

~0°C - 90°C

Estimated temperature
range of the
subsurface ocean, with
maximum heating
likely occurring due to
hydrothermal activity.

Sekine et al (2015)

Ocean pH

~9

Estimated pH value,
indicating basic
conditions conducive
to life.

Glein et al (2015)

Salinity

~0.5-4%

Salt concentration in
the ocean, suggesting
ocean chemistry
similar to seawater.

Glein & Waite (2020)

Organic compounds

Varied

Presence of aliphatic
organics, phosphates,
and other
biochemicals; possible
precursors for life.

Steel et al (2017);
Postberg et al (2023)

Hydrothermal activity

Ongoing

Current hydrothermal
systems influencing
nutrient availability.

Hsu et al (2015);
Nathan et al (2022)

Gas composition

CO3, Ha, CHa

Key gases indicative of
potential
methanogenic
processes.

Higgins et al (2021)

Trace nutrients

Available

Essential nutrients for
life processes,
including phosphorus
and nitrogen.

Tan (2025)

Electrical conductivity

Contextual

Variability in
conductivity influenced
by dust and gas
densities in the plume.

Yaroshenko & Lihr
(2016)

Note: these parameters encompass characteristics essential for understanding the moon's habitability and
geochemical dynamics.

Conclusion. In summary, discoveries regarding Enceladus's geochemistry, potential
biological systems, and proposed exploration strategies underscore the moon as a
compelling candidate in the ongoing search for extraterrestrial life. Its subsurface ocean,
coupled with evidence of geochemical activity, provides a vibrant scenario for
astrobiological research. Continuous investigations are essential, as they could offer
pivotal proofs of either life or prebiotic processes akin to those that might have
contributed to life's origins on Earth.

Conflict of Interests. The authors declare that there is no conflict of interest.

ELBA Bioflux, 2024, Volume 16, Issue 1. 37
www.elba.bioflux.com.ro



References

Affholder A., Guyot F., Sauterey B., Ferriere R., Mazevet S., 2022 Putative methanogenic
biosphere in Enceladus's deep ocean: biomass, productivity, and implications for
detection. The Planetary Science Journal 3(12):270.

Botha M., Odagiu A., Balint C., Oroian I., 2018 Enceladus, Europa, Mars, and what they
have in common. ELBA Bioflux 10(1):25-30.

Cable M., Porco C., Glein C., German C., MacKenzie S., Neveu M., Hoehler T. M,,
Hofmann A. E., Hendrix A. R., Eigenbrode J., 2021 The science case for a return to
Enceladus. The Planetary Science Journal 2(4):132.

Escudero C., Amils R., 2023 Hard rock dark biosphere and habitability. Frontiers in
Astronomy and Space Sciences 10:1203845.

Glein C., Waite J., 2020 The carbonate geochemistry of Enceladus' ocean. Geophysical
Research Letters 47(3):e2019GL085885.

Glein C., Baross J., Waite J., 2015 The pH of Enceladus’ ocean. Geochimica et
Cosmochimica Acta 162:202-219.

Higgins P., Chen W., Glein C., Cockell C., Lollar B., 2024 Quantifying uncertainty in
sustainable biomass and production of biotic carbon in Enceladus' notional
methanogenic biosphere. Journal of  Geophysical Research Planets
129(3):e2023JE008166.

Higgins P., Glein C., Cockell C., 2021 Instantaneous habitable windows in the parameter
space of Enceladus' ocean. Journal of Geophysical Research Planets
126(11):e2021JE006951.

Hsu H., Postberg F., Sekine Y., Shibuya T., Kempf S., Horanyi M., et al, 2015 Ongoing
hydrothermal activities within Enceladus. Nature 519(7542):207-210.

Klenner F., 2025 Supercooling, glass formation, and mineral assemblages upon freezing
of salty ice grains from Enceladus’s ocean. The Planetary Science Journal 6(3):65.

Nathan E., Balachandran K., Cappuccio P., Di J., Doerksen K., Gloder A., et al, 2022 A
multi-lander new frontiers mission concept study for Enceladus: Silenus. Frontiers
in Astronomy and Space Sciences 9:995941.

Pedersen K., 1997 Microbial life in deep granitic rock. FEMS Microbiology Reviews 20(3-
4):399-414.

Petrescu-Mag I. V., Oroian I. G., Pasarin B., Petrescu-Mag R. M., 2011 Methane in outer
space: The limit between organic and inorganic. ELBA Bioflux 3(2):89-92.

Postberg F., Sekine Y., Klenner F., Glein C., Zou Z., Abel B., et al, 2023 Detection of
phosphates originating from Enceladus’s ocean. Nature 618(7965):489-493.

Roche M., Fox-Powell M., Hamp R., Byrne J., 2023 Iron reduction as a viable metabolic
pathway in Enceladus’ ocean. International Journal of Astrobiology 22(5):539-558.

Sekine Y., Shibuya T., Postberg F., Hsu H., Suzuki K., Masaki Y., et al, 2015 High-
temperature water-rock interactions and hydrothermal environments in the
chondrite-like core of Enceladus. Nature Communications 6:8604.

Soucek 0., Béhounkova M., Schroeder D., Wolfenbarger N., Kalousova K., Steinbriigge
G., et al, 2023 Radar attenuation in Enceladus' ice shell: obstacles and
opportunities for constraining shell thickness, chemistry, and thermal structure.
Journal of Geophysical Research Planets 128(2):e2022]JE007626.

Steel E., Davila A., McKay C., 2017 Abiotic and biotic formation of amino acids in the
Enceladus ocean. Astrobiology 17(9):862-875.

Tan S., 2025 Metal limiting habitability in Enceladus? availability of trace metals for
methanogenic life in hydrothermal fluids. Journal of Geophysical Research Planets
130(3):e2024JE008591.

Waite Jr. J. H., Combi M. R., Ip W. H., Cravens T. E., McNutt Jr. R. L., Kasprzak W., et al,
2006 Cassini ion and neutral mass spectrometer: Enceladus plume composition and
structure. Science 311(5766):1419-1422.

Yaroshenko V., Lihr H., 2016 Electrical conductivity of the dusty plasma in the Enceladus
plume. Icarus 278:79-87.

ELBA Bioflux, 2024, Volume 16, Issue 1. 38
www.elba.bioflux.com.ro



Received: 15 October 2024. Accepted: 26 November 2024. Published online: 30 December 2024.

Authors:

Ioan Valentin Petrescu-Mag, Department of Environmental Engineering and Protection, Faculty of Agriculture,
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Calea Manastur Street, 400372
Cluj-Napoca, Romania, e-mail: zoobiomag2004@yahoo.com

Claudia Balint, Department of Environmental Engineering and Protection, Faculty of Agriculture, University of
Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Calea Manastur Street, 400372

Cluj-Napoca, Romania, e-mail: claudia.balint@usamvcluj.ro

Tudor Papuc, Faculty of Animal Science and Biotechnologies, University of Agricultural Sciences and Veterinary
Medicine Cluj-Napoca, 3-5 Calea Manastur Street, 400372 Cluj-Napoca, Cluj County, Romania, e-mail:
ptudor2008@yahoo.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Petrescu-Mag I. V., Balint C., Papuc T., 2024 Recent discoveries in astrobiology: The case of Enceladus. ELBA
Bioflux 16(1):35-39.

ELBA Bioflux, 2024, Volume 16, Issue 1. 39
www.elba.bioflux.com.ro



