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Abstract: Throughout the history of Earth, significant changes in its climate and consequent alter-
ations to its surface have been recorded. One of the most extreme forms is the complete coverage
of the planet by ice, known as Snowball Earth. This theory explains numerous findings from ar-
chaeological studies conducted worldwide during the Neoproterozoic Period. However, despite
increasing evidence of intense climatic fluctuations occurring during this period, the theory of com-
plete ice coverage is not widely accepted by the scientific community. In this work, we present a
critical bibliographic review of the main points of this theory, shedding light on its key aspects and
unresolved debates.

Keywords: albedo; atmosphere; biosphere; climate; climate dynamics; geosphere; global glaciation;
glacier; Snowball Earth; tectonics

1. Introduction

The existence of Snowball Earth is a subject of ongoing discussion among scientists.
However, their views agree that deciphering paleogeography and biology during the
period of extensive glaciation is a necessary condition for understanding the interactions
between life, tectonics, and climate. The Snowball Earth hypothesis proposes that during
the Neoproterozoic Period, the planet was entirely covered in ice, leading to significant
changes in the Earth’s climate and surface. In this critical bibliographic review, we examine
the main points of contention surrounding the Snowball Earth hypothesis, addressing
the following research questions: (1) what were the periods of the appearance of the
phenomenon? (2) what were the causes of the creation of Snowball Earth? (3) what were
the impacts of Snowball Earth on life? and (4) What was the reset mechanism that allowed
the Earth to recover from periods of complete ice cover?

Through a comprehensive analysis of primary and secondary sources, including
scientific articles, books, and conference proceedings, we synthesize and evaluate the
existing literature to shed light on these research questions and deepen our understanding
of Snowball Earth. Our review reveals that while evidence for Snowball Earth is compelling,
significant uncertainties remain regarding the timing, causes, and consequences of these
extreme glaciation events. Moreover, recent advances in scientific understanding of climate
dynamics and feedback mechanisms have challenged traditional assumptions about the
Earth’s response to extreme cold periods.

Our analysis highlights the importance of conducting continued research in this area,
particularly in terms of improving our understanding of the interactions between the
biosphere, atmosphere, and geosphere during periods of global glaciation. This critical
review contributes to ongoing debates about the Snowball Earth hypothesis by synthesizing
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and evaluating the existing literature and posing key research questions for consideration
in future studies.

2. The “Snowball Earth” Phenomenon
2.1. Definition

The Snowball Earth phenomenon describes a global climate characterized by extremely
low temperatures and the entire surface of the planet being covered in ice, i.e., from
the poles to the equator (Figure 1). In this state, the reflectivity of the Earth’s surface
significantly increases, and most solar radiation is reflected back into space from the frozen
surface, resulting in a high albedo effect that further amplifies the cold climate. The global
average temperature during this period is estimated to be approximately —50 °C, with even
lower temperatures reaching —20 °C at the equator, resembling the current temperature of
Antarctica. The Snowball Earth hypothesis is rooted in compelling findings that indicate
intense and successive climatic fluctuations occurred during the Neoproterozoic Era [1]
These fluctuations have been inferred from various sources, including geological records,
isotopic compositions, and sedimentary deposits, providing valuable insights into the
climatic conditions and environmental changes that shaped our planet’s history.

Figure 1. Artwork depicting Earth during the Cryogenian period, which was characterized by
glaciations. Earth is shown during the Sturtian glaciation (approximately 750 to 700 million years
ago), with the supercontinent Rodinia beginning to break apart. (MIKKEL JUUL JENSEN/SCIENCE
PHOTO LIBRARY).

2.2. Periods of Occurrence of the Phenomenon

In many research locations around the world, the presence of two distinct glacial events
with cap carbonates has been identified, indicating the occurrence of at least two global
glaciations: one event that started at the end of the Sturtian period, i.e., approximately
660 million years ago, and one event that started during the Marinoan period, which ended
around 635 million years ago [2]. However, there are indications from geochronological
data related to carbon isotope findings that have led several scientists to believe that there
were at least four events, with two events occurring in the earlier part of the Neoproterozoic
(Sturtian), i.e., around 730-680 million years ago, and two later glacial events (Vendian)
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occurring between 650 and 585 million years ago [3]. Additionally, the case of the Huronian
glaciations, which occurred as a result of the Great Oxygenation Event, that occurred
between 2.5 and 2.1 billion years ago has been studied, although they likely did not
simultaneously cover the entire surface of the planet (Figure 2) [4,5].
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Figure 2. The increase in oxygen levels in the Earth’s atmosphere over extended geological periods
and its connection to occurrences of snowball events (represented by blue bars) and the emer-
gence of new biological developments. [https://www.snowballearth.org/when.html (accessed on
24 August 2023)].

3. Evolution of the Phenomenon
3.1. Causes of Formation

One crucial factor that appears to have played a significant role in the formation
of a global ice cover in the past is the diminished solar radiation that Earth received
in comparison to the present day. Evolutionary models of the Sun indicate that its lu-
minosity has undergone a substantial increase of approximately 40% since the planet’s
inception, whereas during the Neoproterozoic Era, it was estimated to be around 7% less
radiant than today [6]. This finding suggests that the emergence of the Snowball Earth
phenomenon would have been more probable during the early stages of Earth’s existence.
However, the occurrence of such an extreme event necessitates interplay between various
additional factors.

Of particular significance is the vertical expansion of Earth’s overall albedo, resulting
from the extensive growth of glaciers in latitudinal bands spanning from approximately 30°
to 40°, which was contingent upon diverse climatic conditions (Figure 3) [7-9]. Nonetheless,
to attain such a pervasive glaciation, there must be perturbations in the composition of
the atmosphere concerning the concentration of key greenhouse gases, such as carbon
dioxide (CO,), methane (CHy), and water vapor. Numerous theories have been postulated
to elucidate the reduction in these gases, with the most notable theories being expounded
upon in the study by [10]. These theories predominantly center around disruptions in the
carbon and methane cycles induced by both endogenous and exogenous factors and find
support via the examination of isotopic ratios, particularly 513C and 512C.
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Figure 3. Schematic representation of the impact of glaciation on the albedo of a planet. [https://
psychroteuthis.wordpress.com /2009 /08 /04 /ice-albedo-and-the-snowball-earth-theory/ (accessed
on 24 July 2023)].

3.2. Consequences for Life

The survival of living organisms in the aforementioned conditions proved to be excep-
tionally arduous, with the productive processes being nearly eradicated. However, through
the examination of contemporary micro-organisms thriving in extreme environments,
where temperatures simulate those of the Snowball Earth, it can be concluded that the
existence of psychrophilic prokaryotes and eukaryotes was indeed viable [11]. Furthermore,
the isolation of identical organisms in diverse locations, with each organism characterized
by distinct conditions, triggered genetic mutations and facilitated the emergence of novel
life forms [12]. This genetic evolution was further amplified via the subsequent transition
to greenhouse conditions and the subsequent convergence of these nascent species, leading
to the creation of additional distinct varieties of life.

3.3. Reset Mechanism

As previously mentioned, the significant reduction in greenhouse gases in the atmo-
sphere played a pivotal role in triggering the planet’s dramatic freeze, ultimately leading to
the phenomenon known as “Snowball Earth”. Consequently, in order to initiate the process
of planetary warming, there must have been a substantial augmentation in the levels of
these atmospheric gases. It is worth noting that even during a “Snowball Earth” scenario,
tectonic activity would not come to a halt, implying that volcanic activity and the creation
of new volcanoes would persist. Consequently, the continuous outgassing of carbon-based
compounds, including carbon dioxide, would continue to enrich the atmosphere, resulting
in the subsequent accumulation of methane gas [10].

Simultaneously, due to the absence of water in liquid form, the planet would experi-
ence a significant reduction in rainfall and soil erosion. As a result, these gases, namely
carbon dioxide and methane, would remain trapped within the atmosphere, gradually
intensifying their concentration over time. This progressive buildup of greenhouse gases
would, in turn, contribute to a gradual elevation in the overall temperature of the atmo-
sphere, ultimately leading to the gradual thawing or “defrosting” of the Earth [13].

By providing a more intricate understanding of the complex interplay between at-
mospheric composition, tectonic activity, and climatic conditions, this process sheds light
on the mechanisms that would have facilitated the transition from a completely frozen
state to a more hospitable and habitable environment. Therefore, Figure 4 visualizes and
encapsulates these intricate dynamics to enable better comprehension and analysis.
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Figure 4. Schematic representation of the mechanism of recovery from the Snowball Earth
state [https:/ /quizlet.com/gb /276868853 / the-snowball-earth-hypothesis-flash-cards/ (accessed on
24 July 2023)].

4. Conclusions

The existence or non-existence of a ‘Snowball Earth’ is a matter of intense scientific
debate and deliberation. Researchers generally agree that decoding the ancient geography
and biology originating from the era of widespread glaciation is essential to comprehending
the complex interplay between life, tectonics, and climate. By expanding our knowledge
of this fascinating period in Earth’s history, we can delve deeper into the intricate rela-
tionships and interactions between geological processes, living organisms, and climatic
dynamics. Unraveling these connections provides profound insights into the complex
web of influences that shaped the coexistence and reciprocal impacts of these intertwined
domains during this remarkable epoch.
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