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Understanding the formation of crevasses is essential for glaciologists,
climbers, and environmental scientists alike. These deep cracks or fractures
in a glacier’s surface are indicative of the dynamic processes occurring
within and beneath ice masses. The multiple-choice options—regelation,
ablation, deposition, and friction/tension—each relate to different physical
phenomena that can influence glacier behavior. In this comprehensive article,
we will explore which of these processes primarily lead to the formation of
crevasses, supported by scientific explanations, examples, and relevant
research.

What Are Crevasses?

Crevasses are large, deep fractures that develop on the surface of glaciers

and ice sheets. They can range from a few meters to over a hundred meters in
length and depth. These features are typically formed in areas where the ice
experiences stress exceeding its tensile strength, leading to cracking.

Key Characteristics of Crevasses:

- Occur mainly on the surface, but can extend deep into the glacier.
- Indicate zones of high stress within the ice.

- Usually form in areas with differential movement or flow of ice.

Understanding the mechanics behind their formation requires knowledge of
glacier dynamics and the physical processes acting upon ice masses.

Analyzing the Options for Crevasse Formation

Let’s examine each of the given options—regelation, ablation, deposition, and
friction/tension—and evaluate their roles in crevasse formation.



1. Regelation

Definition: Regelation is the phenomenon where ice melts under pressure and
refreezes when the pressure is relieved. It occurs when a moving ice mass
passes over uneven terrain or obstructions, causing localized melting and
refreezing.

Relevance to Crevasse Formation:

- Regelation primarily facilitates ice flow and smoothing of the glacier bed.
- It is not directly associated with the cracking or fracturing of ice
surfaces.

- While it influences glacier movement, it does not cause the formation of
surface crevasses.

Conclusion: Regelation does not typically lead to the formation of crevasses,
but rather affects the internal flow and basal sliding of glaciers.

2. Ablation

Definition: Ablation refers to the removal of ice and snow from a glacier
through melting, sublimation, calving, or wind erosion.

Relevance to Crevasse Formation:

- Ablation reduces the surface mass of the glacier, potentially leading to
surface lowering and exposure of crevasses.

- Rapid melting can weaken the ice surface, making it more susceptible to
cracking.

- However, ablation itself is a surface process that removes ice but does not
directly cause the internal stress necessary for crevasse formation.

Conclusion: While ablation can contribute indirectly by destabilizing the ice
surface, it is not the primary cause of crevasse formation.

3. Deposition

Definition: Deposition is the process where snow, ice, or other materials are
added to a glacier or ice sheet, typically through snowfall or accumulation.

Relevance to Crevasse Formation:

- Deposition leads to glacier growth rather than cracking.

- It increases ice mass and can cause surface compression.

- It does not directly cause the stresses needed for crevasse development.



Conclusion: Deposition is not related to the formation of crevasses; instead,
it contributes to glacier buildup.

4. Friction and Tension

Definition: Friction refers to the resistance between moving surfaces, while
tension relates to the internal stress within the ice caused by differential
movement or external forces.

Relevance to Crevasse Formation:

- Tensional stress is a primary factor in crevasse formation.

- When a glacier flows over uneven terrain or experiences differential
movement, tensile stresses develop.

- These stresses can exceed the tensile strength of ice, causing fractures or
cracks—crevasses.

- Tensional forces often develop at the glacier surface due to gravity,
slope, and flow dynamics.

- Friction between the glacier and bedrock influences movement but can also
contribute to stress distribution leading to crevasses.

Scientific Explanation:

- As ice flows, it experiences shear and tensile stresses.

- In zones where the ice accelerates or encounters obstacles, tensile stress
surpasses the ice’s strength.

- The cracks form perpendicular to the direction of maximum tension,
typically extending across the glacier surface.

Conclusion: Friction and tension are central to the physical processes that
lead to the formation of crevasses.

Primary Cause of Crevasse Formation

Based on the analysis above, the primary process responsible for crevasse
formation is tension within the ice caused by glacier movement and flow
dynamics.

Summary:

- Crevasses are surface fractures resulting from internal stresses.

- Tensional stresses develop due to gravity-driven flow, changes in slope, or
differential speeds within the glacier.

- When these stresses exceed the ice’s tensile strength, cracks form,
creating crevasses.



Additional Factors Influencing Crevasse
Formation

While tension is the primary driver, several other factors influence where
and how crevasses develop:

- Slope and Topography: Steeper slopes increase tensile stress.

- Flow Velocity: Faster flow leads to higher internal stresses.

- Ice Thickness: Thicker ice layers can experience different stress
distributions.

- Temperature: Warmer ice is more ductile, affecting crack propagation.
- External Forces: Wind, melting, and other environmental conditions can
modify stress patterns.

Summary and Key Takeaways

- Crevasses are mainly formed due to tensile stresses within the glacier.

- Friction and tension, particularly internal tension caused by flow
dynamics, are the primary factors leading to crevasse development.

- Regelation, ablation, and deposition, while important in glacier dynamics,
are not directly responsible for crevasse formation.

Conclusion

In conclusion, the formation of crevasses in glaciers is primarily driven by
friction and tension within the ice. The internal stresses resulting from
glacier flow, gravity, and topography cause the ice to fracture once the
tensile strength is exceeded. Understanding this process is vital for
predicting glacier behavior, assessing glacial hazards, and studying climate
change impacts on ice masses worldwide.
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Frequently Asked Questions

What is the primary process responsible for the
formation of crevasses?

Crevasses usually form as a result of tension within the glacier, which
causes the ice to crack and form deep fissures.

Which of the following processes is most directly
associated with crevasse formation: regelation,
ablation, deposition, or friction?

Friction and tension within the glacier are key factors, but tension is the
primary cause of crevasse formation.

How does tension in a glacier lead to crevasse
formation?

Tension causes the ice to stretch and crack when the stress exceeds the ice's
strength, resulting in crevasses.

Can regelation lead to the formation of crevasses?

No, regelation typically involves melting and refreezing at the base of
glaciers and does not directly cause crevasse formation.

Is ablation a factor in the formation of crevasses?

Ablation, which is the loss of ice through melting or sublimation, does not
directly cause crevasses but can influence glacier dynamics indirectly.

Does deposition contribute to crevasse formation?

No, deposition involves the laying down of snow or ice and is not a process
that forms crevasses.

How does friction affect crevasse formation?

Friction can influence glacier movement but does not directly cause
crevasses; tension from movement is the primary factor.



What role does tension play in the formation of
crevasses?

Tension causes the ice to crack when the internal stress exceeds the ice's
strength, leading to crevasse formation.

Are crevasses formed mainly due to tension or
friction?

Crevasses are mainly formed due to tension within the glacier, not friction.

Which process listed is most relevant to crevasse
formation: regelation, ablation, deposition, or
tension?

Tension is the most relevant process responsible for crevasse formation.

Additional Resources

Crevasses Usually Form As A Result Of Friction, Tension

Crevasses are one of the most striking and significant features found on
glaciers and ice sheets. These deep, jagged cracks in the ice not only create
dramatic landscapes but also serve as vital indicators of glacier movement
and dynamics. Understanding the primary causes behind crevasse formation is
essential for glaciologists, climate scientists, and explorers alike. Among
the various factors that lead to crevasse development, the dominant mechanism
is tension within the ice, although other processes like regelation,
ablation, and deposition also play roles in glacier morphology and behavior.

In this comprehensive review, we will explore each of these
processes—regelation, ablation, deposition, and friction/tension—and analyze
their relationship with crevasse formation. Emphasis will be placed on
elucidating why tension is the primary driver, supported by scientific
principles, field observations, and glacier mechanics.

Understanding Crevasses: An Overview

Before delving into causes, it is vital to understand what crevasses are and
how they form.

- Definition: Crevasses are deep, often jagged fractures or cracks that form
in the upper layers of a glacier or ice sheet.



- Appearance: They can reach depths of tens to hundreds of meters and vary in
width from centimeters to several meters.

- Location: Most commonly found in areas of high stress, such as glacier
snouts, ice falls, or zones undergoing rapid movement.

- Significance: Crevasses indicate areas of high deformation and are crucial
in understanding glacier flow dynamics, stability, and potential hazards.

Primary Causes of Crevasse Formation

Crevasses chiefly form due to mechanical stresses within the glacier ice.
While several processes influence glacier behavior, tension resulting from
differential flow and stress distribution is the main factor in cracking.

1. Tension (Friction, Tension,)

Friction and tension are intertwined concepts in glacier mechanics. When
glacier ice flows over uneven terrain or encounters changes in slope,
stresses develop within the ice mass. These stresses often manifest as
tensile forces that exceed the ice's strength, causing it to fracture.

- Mechanism of Formation:

- As the glacier moves, layers of ice slide over each other.

- Variations in slope, bedrock topography, or internal velocity gradients
induce tensile stresses.

- When these stresses surpass the tensile strength of ice (~1 MPa), fractures
open up, forming crevasses.

- These cracks typically develop perpendicular to the direction of maximum
tension.

- Types of Crevasses Related to Tension:

- Open Crevasses: Usually form in areas experiencing tensile stress.

- Longitudinal Crevasses: Run parallel to flow direction, often associated
with stretching zones.

- Transverse Crevasses: Cross the glacier perpendicular to flow, often due to
tension from surface elevation changes.

- Factors Contributing to Tension:
- Accelerated flow or surges.

- Changes in bedrock slope.

- Variations in ice thickness.

- Structural weaknesses in the ice.

- Scientific Evidence:
- Field observations and modeling demonstrate that tensile stresses align
with crevasse orientation.



- Crevasse propagation models confirm tension as a primary cause.

In essence, tension is the primary mechanical stress responsible for the
initiation and propagation of crevasses.

2. Regelation

Regelation is a process involving the melting and refreezing of ice under
pressure, often invoked in the context of glaciers and ice dynamics.

- Definition: Regelation occurs when ice melts under high pressure and
refreezes when the pressure decreases.

- Historical Context: It was once thought to significantly influence glacier
movement and crevasse formation.

- Relation to Crevasses:

- While regelation can facilitate the smoothing of ice surfaces and influence
basal sliding, it does not directly cause crevasses.

- The process relates more to ice deformation at the base or within the
glacier rather than crack formation in the upper layers.

- Limited role: Regelation's role is more about basal sliding and internal
ice flow rather than crack initiation.

- Scientific Consensus:

- Modern studies suggest regelation contributes minimally to crevasse
formation.

- Instead, it explains basal motion phenomena and the lubrication of glacier
beds.

Conclusion: Regelation is not a primary cause of surface crevasse formation
but plays a secondary role in glacier dynamics.

3. Ablation

Ablation refers to the loss of ice mass from a glacier surface primarily
through melting, sublimation, or calving.

- Impact on Glacier Surface:
- Leads to surface lowering and changes in surface slope.
- Creates irregularities that can influence stress distribution.

- Relation to Crevasses:
- While ablation reshapes the surface and can induce stress concentrations,



it does not directly cause crevasses.
- However, rapid ablation can lead to surface lowering, uneven melting, and
stress redistribution, indirectly promoting crevasse development.

- Examples:

- Melting seasons in summer can expose pre-existing cracks or induce new
stress concentrations.

- Calving at ice fronts often involves crevasse formation influenced by
ablation processes.

- Limitations:
- Ablation affects surface morphology but is not a mechanical stress factor
like tension.

In summary, ablation influences glacier surface conditions but is not the
primary driver of crevasse formation.

4. Deposition

Deposition in glaciology usually refers to the accumulation of snow and ice,
which contributes to glacier growth.

- Role in Glacier Dynamics:
- Responsible for mass gain, increasing ice thickness.
- Can influence surface topography and internal stress patterns.

- Relation to Crevasses:

- Deposition tends to promote glacier thickening and stabilization rather
than cracking.

- It can reduce the likelihood of crevasse formation by adding weight and
pressure, leading to compression rather than tension.

- Indirect Effects:
- Changes in accumulation zones can modify flow velocities and stress
distributions, potentially influencing where crevasses form.

Overall, deposition is more associated with glacier growth rather than the
formation of surface fractures.

Mechanics of Crevasse Formation: Focusing on
Tension



The dominant cause of crevasse formation is tensile stress induced by glacier
movement and internal deformation.

Stress Distribution in Glaciers

- Flow Dynamics:

- Ice flows under gravity, deforming plastically.

- Variations in flow speed and direction create zones of tension and
compression.

- Stress Concentration Zones:

- Areas with rapid acceleration or deceleration.

- Zones where the glacier encounters obstacles or changes in slope.
- Regions of internal shear and stretching.

Conditions Leading to Crevasses

- When tensile stress exceeds the tensile strength of ice (~1 MPa), cracks
initiate.

- These cracks propagate perpendicular to the maximum tensile stress.

- The formation can be transient or persistent, depending on stress
conditions.

Types of Crevasses and Their Mechanical Causes

- Open Crevasses:
- Result from tensile forces pulling the ice apart.
- Usually appear in the upper brittle zone of the glacier.

- Longitudinal Crevasses:
- Form parallel to flow in stretched zones.
- Indicate longitudinal extension.

- Transverse Crevasses:

- Perpendicular to flow, often in response to surface elevation changes or
bending stresses.

Summary and Final Thoughts

The formation of crevasses is a complex interplay of mechanical stresses,
primarily driven by tension within the glacier's ice mass. The stresses arise



from differential flow, changes in topography, and internal deformation that
cause the ice to fracture once the tensile strength is exceeded.

While processes like regelation, ablation, and deposition influence glacier
morphology and flow dynamics, they are not the primary causes of crevasse
formation. Regelation mainly affects basal sliding, ablation alters surface
conditions, and deposition influences glacier mass balance, but it is tensile
stress—stemming from the glacier’s movement, internal strain, and external
topographical influences—that directly results in the cracking and formation
of crevasses.

Understanding these distinctions is crucial for interpreting glacier
behavior, predicting potential hazards for explorers and researchers, and
modeling glacier responses to climate change. Future studies continue to
refine our understanding of glacier mechanics, but the central role of
tension in crevasse formation remains well-established in glaciology.

In conclusion, crevasses usually form as a result of tension due to internal
stresses in the glacier, making tension the primary causal factor among the
options provided.
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