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Understanding the formation of shield volcanoes requires a deep dive into the
properties of the source magma responsible for their development. These
volcanic structures are some of the most massive and expansive landforms on
Earth, characterized by their broad, gentle slopes that resemble shields laid
flat on the landscape. The primary properties of the source
magma—particularly low viscosity and mafic composition—play a crucial role in
shaping these volcanoes. This article explores how these properties influence
magma behavior, eruption styles, and ultimately, the formation of shield
volcanoes.

What Are Shield Volcanoes?
Shield volcanoes are large, broad volcanic landforms that are built by the
eruption of low-viscosity lava flows. Unlike stratovolcanoes, which are steep
and composed of layered lava and tephra, shield volcanoes have gentle slopes
typically ranging from 2° to 10°. They are predominantly found in oceanic
volcanic regions, such as Hawaii, Iceland, and the Galápagos Islands. Their
unique shape and size are a direct consequence of the properties of the magma
that feeds them.

The Role of Source Magma Properties in Shield
Volcano Formation
The formation and morphology of shield volcanoes are intricately linked to
specific properties of the source magma. The two most significant properties
are:

Low Viscosity

Mafic Composition

These features influence how magma moves, erupts, and solidifies, ultimately
determining the volcano’s structure.

Low Viscosity: The Key to Extensive Lava Flows

Understanding Magma Viscosity
Viscosity refers to a fluid’s resistance to flow. Magma with low viscosity
flows easily, whereas high-viscosity magma is thick and resists movement.



Several factors influence magma viscosity, including temperature, chemical
composition, and gas content.

Why Low Viscosity Leads to Shield Volcano Formation
Low-viscosity magma allows for the rapid and extensive outpouring of lava.
This results in several characteristic features:

Large, Continuous Flows: Because the magma can travel long distances1.
with minimal resistance, it produces broad, overlapping lava flows that
spread out over vast areas.

Gentle Slopes: The widespread, thin layers of lava build up gradually,2.
creating the gentle slopes characteristic of shield volcanoes.

Reduced Explosiveness: Low-viscosity magma traps less gas and tends to3.
produce less explosive eruptions, favoring effusive lava flows over
violent explosions.

The ability of low-viscosity magma to flow easily ensures that the volcano
grows outward rather than upward, resulting in its distinctive broad profile.

Mafic Composition: The Source of Low Viscosity
and Lava Characteristics

What Is Mafic Magma?
Mafic magma is rich in magnesium and iron (hence the term "mafic") and is
characterized by lower silica content compared to felsic magma. Typical
minerals found in mafic magma include olivine, pyroxene, and calcium-rich
plagioclase.

Influence of Mafic Composition on Shield Volcanoes
The chemical composition of magma directly affects its physical properties,
especially viscosity:

Low Silica Content: Magma with less silica has a lower viscosity because
silica tends to polymerize and increase resistance to flow.

High Iron and Magnesium: These elements contribute to the magma’s
fluidity and eruption style.

Because mafic magma is inherently more fluid, it naturally facilitates the
formation of shield volcanoes through the mechanisms described above.



Additional Factors Reinforcing Shield Volcano
Formation
While low viscosity and mafic composition are primary, other factors also
support shield volcano development:

High Temperatures
Mafic magmas are typically hotter than felsic magmas, often exceeding 1200°C.
Higher temperatures reduce viscosity further, promoting extensive lava flows.

Gas Content
Mafic magmas tend to have lower gas content, which correlates with less
explosive eruptions and more effusive lava flows, aiding in the gradual
buildup of broad volcanic structures.

Comparison With Other Types of Volcanoes
Understanding how properties influence different volcano types helps clarify
why shield volcanoes form the way they do.

Stratovolcanoes: Formed by more viscous, silica-rich felsic or
intermediate magmas, leading to explosive eruptions and steep profiles.

Cinder Cones: Built from mafic magmas but with higher gas content,
resulting in explosive eruptions that produce pyroclastic material.

In contrast, shield volcanoes result from the combination of low viscosity
and mafic composition that favors gentle, extensive lava flows.

Case Study: The Hawaiian Shield Volcanoes
Hawaii is home to some of the most iconic shield volcanoes, such as Mauna Loa
and Mauna Kea. These volcanoes exemplify the properties discussed:

- Composed mainly of basalt, a mafic, low-viscosity lava.
- Eruptions produce vast lava flows that extend hundreds of kilometers.
- The gentle slopes are a direct result of continuous, effusive eruptions.

The Hawaiian volcanoes demonstrate how low viscosity and mafic composition
shape massive, broad landforms over geological timescales.

Conclusion
The formation of shield volcanoes is primarily driven by the properties of
the source magma. Low viscosity allows lava to flow extensively across the
landscape, creating broad, gently sloping structures. Mafic composition
underpins this low viscosity, with its low silica content and high



temperatures facilitating fluid flows and less explosive eruptions. Together,
these properties promote the development of the characteristic shield shape,
with successive lava flows building outward and upward over time.
Understanding these properties not only sheds light on the geological
processes behind shield volcanoes but also helps in predicting volcanic
behavior and assessing associated hazards in regions where these volcanoes
are prevalent.

By recognizing the critical roles of low viscosity and mafic composition,
scientists can better interpret volcanic activity and anticipate future
eruptions, aiding in the safety and preparedness of communities living in
these dynamic environments.

Frequently Asked Questions

What type of magma properties contribute to the
formation of a shield volcano?

Low viscosity and mafic composition of the source magma lead to the formation
of a shield volcano.

How does low viscosity influence the shape of a
shield volcano?

Low viscosity allows magma to flow easily, creating broad, gentle slopes
characteristic of shield volcanoes.

Why is mafic magma associated with shield volcano
formation?

Mafic magma is rich in magnesium and iron, has low silica content, and is
less viscous, facilitating the wide, shield-like structure.

What role does magma viscosity play in the eruption
style of shield volcanoes?

Low viscosity magma results in gentle, effusive eruptions that build broad,
shield-shaped landforms over time.

How do the properties of source magma affect eruption
frequency in shield volcanoes?

The low viscosity and mafic nature allow magma to flow easily, often leading
to frequent, gentle eruptions that gradually build the volcano.

Can the properties of source magma change and affect
the formation of shield volcanoes?

Yes, changes in magma composition or viscosity can alter eruption style and
shape, but typically, mafic, low-viscosity magma consistently promotes shield
volcano formation.
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---

Introduction

When exploring the fascinating diversity of volcanic formations around the
world, few are as iconic and visually striking as shield volcanoes.
Characterized by their broad, gently sloping profiles resembling shields laid
flat over the landscape, these volcanoes owe their distinctive shape
primarily to the unique properties of their source magma. Understanding what
properties of magma lead to the formation of a shield volcano is essential
for geologists, volcanologists, and enthusiasts alike. At the core of this
formation are low viscosity and mafic composition, two key features that
dictate how magma behaves beneath the Earth's surface and how it constructs
these majestic landforms.

---

The Significance of Magma Properties in Volcano Formation

Before delving into the specifics, it's crucial to grasp how magma properties
influence volcanic eruption styles and landform development. Magma's physical
and chemical characteristics—such as viscosity, temperature, gas content, and
chemical composition—shape the eruption style, the shape of the resulting
volcano, and the landscape's evolution over time. For shield volcanoes, the
properties of source magma promote continuous, effusive eruptions, which
build broad, gentle slopes rather than steep, explosive edifices.

---

Understanding Magma Composition: The Role of
Mafic Material

What is Mafic Magma?

Mafic magma is rich in magnesium and iron (hence the name "mafic") and is
characterized by lower silica content compared to other magmas like felsic or
rhyolitic types. Typically, mafic magmas are associated with basaltic lava,
which is the most common type of lava in the Earth's crust.

Chemical Composition and Its Impact

- Silica (SiO₂) Content: Mafic magmas generally contain around 45-52% silica,
which is significantly lower than felsic magmas (above 65%). This lower
silica content results in less viscous magma.

- Mineral Content: Mafic magmas are rich in magnesium and iron oxides, giving
them their characteristic dark color—hence the term "dark lava."

- Gas Content: Due to their chemical makeup and temperature, mafic magmas
tend to have less volatile gas content compared to more silica-rich magmas,
influencing eruption style.



Why Mafic Composition Promotes Shield Volcano Formation

The chemical makeup of mafic magma directly influences its physical behavior:

- Lower viscosity allows the magma to flow more easily, spreading over large
areas.
- High temperature (typically around 1100–1250°C) keeps the magma in a semi-
fluid state.
- The less explosive nature of mafic eruptions results in continuous lava
flows rather than violent explosions.

This combination of chemical and physical properties makes mafic magma ideal
for building the broad, gently sloping structures characteristic of shield
volcanoes.

---

Low Viscosity: The Critical Physical Property

Defining Viscosity in Magma

Viscosity refers to a fluid's resistance to flow. In the context of magma,
low viscosity means the magma can move more freely, while high viscosity
indicates a thicker, more resistant flow.

Factors Contributing to Low Viscosity

Several factors determine magma viscosity:

- Silica Content: Less silica equates to lower viscosity.
- Temperature: Higher temperatures reduce viscosity, making magma more fluid.
- Gas Content: Gas-rich magmas tend to be more viscous due to bubble
formation and interaction.

How Low Viscosity Shapes Eruption Style

Low viscosity magma results in:

- Effusive eruptions: Lava flows steadily and slowly, covering large areas.
- Continuous lava emission: Unlike explosive eruptions, shield volcanoes
exhibit persistent lava outpourings.
- Wide, gentle slopes: As lava spreads out before solidifying, it accumulates
over vast regions, creating the characteristic shield shape.

This behavior contrasts sharply with high-viscosity magmas that tend to trap
gases and produce explosive eruptions, forming steep stratovolcanoes or
domes.

---

Synergistic Effect of Low Viscosity and Mafic
Composition

The interplay between low viscosity and mafic composition is pivotal in the



formation of shield volcanoes. These properties work together to produce the
hallmark features:

- Large-scale effusive eruptions: The magma's ability to flow easily leads to
extensive lava coverage.
- Gentle slopes: Continuous, widespread lava flows accumulate gradually,
creating broad, convex profiles.
- Low explosive risk: The magma's low gas content and viscosity minimize
explosive activity, favoring steady effusive eruptions.

This synergy explains why shield volcanoes, such as Mauna Loa in Hawaii, are
among the largest volcanoes on Earth—their formation results from persistent,
low-viscosity, mafic lava flows over extended periods.

---

Case Studies: Real-World Examples of Shield
Volcanoes

Mauna Loa, Hawaii

- Source Magma: Basaltic, mafic composition.
- Properties: Low viscosity, high temperature.
- Eruption Style: Predominantly effusive, with frequent lava flows.
- Shape: Broad, gently sloping shield profile covering over 5,000 km².

Olympus Mons, Mars

- While not on Earth, Olympus Mons exemplifies shield volcano formation
beyond our planet. Its massive size is attributed to low-viscosity basaltic
lava, consistent with properties discussed here.

Kilauea, Hawaii

- One of the most active volcanoes, showcasing continuous effusive eruptions
driven by mafic, low-viscosity magma.

---

Implications for Volcanic Hazard and Landscape
Evolution

Understanding the properties of source magma not only explains shield volcano
formation but also aids in hazard assessment:

- Predictability of eruptions: Effusive, low-viscosity eruptions tend to be
less violent but can produce extensive lava flows that threaten
infrastructure.
- Landscape shaping: Persistent lava flows build large, gentle slopes,
significantly altering the landscape over geological timescales.
- Volcano longevity: The steady outpouring of low-viscosity lava can persist
for thousands of years, allowing shield volcanoes to reach colossal sizes.



---

Conclusion

The formation of shield volcanoes hinges fundamentally on the properties of
their source magma. The defining characteristics—low viscosity and mafic
composition—drive the unique eruption style and landform development
associated with these giants of the volcanic world. Mafic, basaltic magma,
with its high temperature and low silica content, flows effortlessly across
vast distances, creating expansive, gently sloping structures that dominate
their landscapes. Recognizing these properties enhances our understanding of
volcanic processes, informs hazard mitigation efforts, and deepens our
appreciation for the dynamic forces shaping our planet.

---

References

- Macdonald, G. A. (1972). Volcanoes. Prentice-Hall.
- Schmid, R., & Mandeville, C. (2014). The Dynamics of Shield Volcanoes.
Journal of Volcanology and Geothermal Research.
- Williams, H., & McBirney, A. R. (2014). Volcanology. Freeman.

---

Note: This article provides an overview based on current scientific
understanding and may evolve with ongoing research.
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