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Peridotite Is An Ultramafic Rock. When Peridotite Undergoes Partial Melting, The
Melt Will Have A Higher concentration of certain chemical elements and distinctive
mineralogical compositions that influence its physical and chemical properties. This process
is fundamental in understanding mantle dynamics, crust formation, and the genesis of
various magmatic rocks. Peridotite, being a primary mantle rock, plays a crucial role in
Earth's geological processes, especially during partial melting events that lead to the
formation of basaltic magmas and contribute to plate tectonics.

In this comprehensive article, we explore the nature of peridotite as an ultramafic rock, the
mechanisms and implications of its partial melting, and the characteristics of the resulting
melts. By understanding these processes, geologists can better interpret mantle
composition, magmatic evolution, and the formation of Earth's crust.

---

Understanding Peridotite: The Ultramafic Mantle
Rock

What Is Peridotite?
Peridotite is a dense, coarse-grained igneous rock primarily composed of olivine along with
pyroxenes (clinopyroxene and orthopyroxene) and minor amounts of other minerals like
spinel and garnet. It is classified as an ultramafic rock because of its high magnesium and
iron content, with low silica levels. Peridotite constitutes a significant portion of the Earth's
upper mantle, making it a fundamental component in understanding mantle composition
and behavior.

Mineralogical Composition
The typical mineralogy of peridotite includes:

Olivine (the dominant mineral)

Pyroxenes (clinopyroxene and orthopyroxene)

Minor spinel or garnet (depending on depth and composition)



This mineral assemblage reflects the high melting point and dense nature of the rock,
which influences its physical properties, such as thermal conductivity and mechanical
strength.

Physical Properties
Peridotite exhibits:

High density, often exceeding 3.3 g/cm³

Coarse grain size due to slow cooling within the mantle

Resistance to deformation, enabling it to sustain mantle convection processes

Understanding these properties is essential for modeling mantle dynamics and the
processes involved in partial melting.

---

Partial Melting of Peridotite: Processes and
Mechanisms

What Is Partial Melting?
Partial melting refers to the process where only a portion of a solid rock melts when
subjected to high temperatures. In the Earth's mantle, this occurs when localized areas
reach temperatures sufficient to melt some minerals but not the entire rock mass. The
degree of partial melting influences the composition of the resulting melt and residual solid.

Conditions Favoring Partial Melting
Partial melting of peridotite is influenced by several factors:

Temperature: Elevated temperatures (>1200°C) are necessary to initiate melting.1.

Pressure: Lower pressures favor melting; however, melting can occur at high2.
pressures under specific conditions.

Water Content: Presence of volatiles like water significantly lowers the melting3.
point.

Decompression: As mantle material ascends, the reduction in pressure can induce4.
melting.



Partial Melting Processes in the Mantle
In the mantle, partial melting often occurs during:

Decompression melting during mantle upwelling beneath mid-ocean ridges

Flux melting associated with subduction zones where volatiles enhance melting

The process involves complex interactions between mineral phases, temperature gradients,
and fluid presence, leading to the generation of magmas that can ascend to form crustal
rocks.

---

The Composition of Melt Derived from Peridotite
Partial Melting

What Does the Melt Contain?
The melt produced during partial melting of peridotite is typically basaltic in composition. It
is enriched in elements that preferentially enter the melt phase during melting, such as:

Large Ion Lithophile Elements (LILE): K, Rb, Ba

High Field Strength Elements (HFSE): Zr, Hf, Ti

Particularly enriched in incompatible elements that do not fit well into mineral
structures

Higher Concentration of Certain Elements
When peridotite undergoes partial melting, the melt will have a higher concentration of
incompatible elements—elements that do not fit into the crystal structures of olivine or
pyroxenes. These include:

Potassium (K)

Uranium (U)

Thorium (Th)



Some rare earth elements (REEs)

This enrichment occurs because incompatible elements tend to stay in the melt rather than
partitioning into solid minerals during melting.

Implications of Element Enrichment
The elevated concentration of incompatible elements in the melt influences:

Magmatic differentiation processes

Crustal composition and evolution

Geochemical signatures used to trace mantle sources and melting processes

Understanding these compositions helps geologists interpret the history of magmatic
activity and mantle dynamics.

---

Factors Affecting the Composition of Melts from
Peridotite

Degree of Melting
The extent of partial melting (percentage of melting) significantly impacts the melt's
composition:

Low-degree melting (less than 10%) produces highly enriched melts in
incompatible elements.

Higher-degree melting results in more basaltic compositions with lower
incompatible element concentrations.

Source Composition and Variability
The original composition of the peridotite source influences the melt:

Variations in mineralogy

Presence of metasomatic agents or fluids



Depth at which melting occurs

Role of Volatiles
Volatiles like water and carbon dioxide lower melting temperatures and can change the
melt's composition by:

Enhancing the degree of melting

Altering mineral stability and partitioning behavior

---

Significance of Melts with Higher Incompatible
Elements

Magmatic Evolution and Crust Formation
Melt compositions with higher incompatible elements are crucial in:

Forming continental and oceanic crusts

Driving magmatic differentiation and layering within Earth's crust

Geochemical Tracers
These enriched melts serve as tracers for:

Identifying mantle source characteristics

Reconstructing melting processes and mantle heterogeneity

Understanding plate tectonic processes

Economic and Geological Implications
Incompatible element-rich melts can lead to mineral deposits, including:



Rare earth element (REE) deposits

Precious metal concentrations

Understanding their formation aids in mineral exploration.

---

Conclusion: The Dynamic Role of Partial Melting
of Peridotite

The partial melting of peridotite is a fundamental process shaping Earth's interior and
surface geology. When peridotite undergoes partial melting, the resulting melt is
characterized by a higher concentration of incompatible elements and distinctive
mineralogical signatures. These melts are essential in forming basaltic crust, driving mantle
convection, and contributing to the geochemical diversity observed at Earth's surface.

Recognizing the factors that influence melt composition—such as degree of melting, source
variability, and volatile content—provides insights into mantle processes and the evolution
of Earth's lithosphere. The enrichment of incompatible elements in melt phases
underscores the complex interplay between mantle chemistry, melting dynamics, and
crustal development.

Understanding these processes not only advances our knowledge of Earth's interior but also
has practical implications for resource exploration and interpreting geochemical data. As
research continues, the study of peridotite and its partial melting remains vital to
unraveling the mysteries of our planet's inner workings.

---
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Frequently Asked Questions

What is peridotite and why is it classified as an



ultramafic rock?
Peridotite is a dense, coarse-grained igneous rock composed primarily of olivine and
pyroxene, with very low silica content. It is classified as ultramafic because of its high
magnesium and iron content and minimal silica, reflecting its mantle origin.

How does partial melting of peridotite influence the
composition of the resulting melt?
When peridotite undergoes partial melting, the melt typically becomes enriched in
incompatible elements and has a higher proportion of felsic components, such as silica,
compared to the residual solid.

Why does the melt generated from partial melting of
peridotite tend to have a higher silica content?
Because silica is an incompatible element, it preferentially enters the melt during partial
melting, leading to a melt with a higher silica concentration than the original peridotite.

What geological processes are associated with the
partial melting of peridotite in the mantle?
Partial melting of peridotite in the mantle is associated with volcanic activity, mid-ocean
ridge formation, and the generation of basaltic magmas that feed oceanic crust and
volcanic islands.

How does the degree of partial melting affect the
composition of the resulting magma?
A higher degree of partial melting produces more melt that is richer in incompatible
elements and silica, resulting in magmas that are more felsic, while lower degrees favor
more mafic compositions.

What are the implications of the melt’s higher silica
content for volcanic eruptions?
Melt with higher silica content tends to be more viscous, which can lead to more explosive
volcanic eruptions due to trapped gases and increased pressure within the magma
chamber.

How does the process of partial melting of peridotite
contribute to mantle differentiation?
Partial melting of peridotite causes the separation of melt and residual solid, leading to
chemical differentiation in the mantle and contributing to the formation of diverse crustal
and mantle rocks over geological time.
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Introduction to Peridotite: The Mantle’s Primary
Rock

Peridotite is widely recognized as one of the most abundant and significant ultramafic rocks
within the Earth's upper mantle. Composed predominantly of olivine and pyroxenes, it plays
a pivotal role in understanding mantle processes, magma genesis, and the Earth's
geochemical evolution. Its ultramafic nature signifies a highly mafic composition,
characterized by a rich content of magnesium and iron, and a low silica concentration.

The significance of peridotite extends beyond its bulk composition. Its physical and
chemical properties influence mantle convection, slab dynamics in subduction zones, and
the generation of magmas that erupt at the Earth's surface. When subjected to geological
processes such as partial melting, peridotite produces magmas that shape the composition
of the crust and, consequently, the surface environment.

---

Composition and Characteristics of Peridotite

Mineralogical Composition

Peridotite primarily consists of:

- Olivine (~40-90% by volume): A magnesium-iron silicate with a formula (Mg,Fe)_2SiO_4,
giving it high magnesium content.
- Pyroxenes (~10-50%): Mainly orthopyroxene (enstatite) and clinopyroxene (diopside or
augite).
- Minor components: Spinel, garnet, and other accessory minerals depending on depth and
geological history.

Physical Properties

- Color: Typically greenish to brownish due to olivine and pyroxene minerals.
- Density: High, around 3.3-3.4 g/cm³, reflecting its magnesium and iron-rich composition.
- Texture: Usually coarse-grained, crystalline, indicating slow cooling within the mantle.



Partial Melting of Peridotite: Processes and
Implications

What is Partial Melting?

Partial melting is a geological process where a rock melts only to a certain extent, not
entirely. This process is crucial for generating magmas within the Earth’s mantle and crust.
Since different minerals melt at different temperatures, partial melting results in magmas
with compositions distinct from their parent rocks.

- Degree of Partial Melting: The percentage of the rock that melts, generally ranging from a
few percent up to 20-30% in mantle conditions.
- Fractional Melting vs. Batch Melting:
- Fractional melting involves continuous removal of melt, leading to progressive
compositional change.
- Batch melting involves the entire rock melting and then equilibrating with the melt.

Conditions Favoring Partial Melting in the Mantle

- Elevated temperatures due to mantle convection.
- Decompression melting during upwelling.
- Hydration or fluxing by volatiles such as water, which lowers melting temperatures.
- Tectonic processes like rifting or subduction, inducing stress and temperature changes.

What Happens During Partial Melting of
Peridotite?

When peridotite undergoes partial melting, the process selectively extracts certain
minerals, predominantly olivine and pyroxenes, depending on the temperature, pressure,
and volatile content.

- Mineral-specific melting points:
- Olivine melts at higher temperatures (~1,600°C at mantle pressures).
- Pyroxenes melt at slightly lower temperatures (~1,300-1,500°C).
- Garnet or spinel may influence melting behavior at greater depths.

- Evolution of Melt Composition:
- The melt tends to be silica-undersaturated, rich in magnesium and iron.
- The melt's composition depends on the degree of melting and the minerals that melt first.



Higher-Temperature Melts: Basaltic and Komatiitic
Magmas

- Melts generated from partial melting of peridotite are typically mafic or ultramafic in
composition.
- The initial melts are often basaltic, characterized by:
- Low silica (~50-52%)
- High magnesium and iron content
- Presence of volatile components like water lowering melting temperatures
- Under certain conditions, especially in the Archean, komatiitic magmas may form, which
are extremely high-temperature, magnesium-rich lavas.

The Composition of Melt: Why Is It Higher in
Certain Elements?

Higher MgO and FeO Content

- The melts derived from partial melting of peridotite are enriched in magnesium oxide
(MgO) and iron oxides (FeO) relative to the original rock.
- This enrichment results from the preferential melting of minerals like olivine and
pyroxenes, which are rich in Mg and Fe.
- Consequently, the melt tends to have a higher Mg/Fe ratio compared to the residual
mantle peridotite.

Implications of a Higher Mg/Fe Ratio in Melt

- The composition influences the physical properties of the magma, such as viscosity and
eruptive behavior.
- It affects the mineralogy of the resulting crustal rocks.
- The high Mg content indicates a primitive magma, relatively less evolved chemically.

Geochemical and Petrological Significance of the
Melt's Composition

Fractional Crystallization and Differentiation

- As the melt ascends and cools, fractional crystallization occurs.
- Minerals like olivine and pyroxene crystallize out, depleting the melt of Mg and Fe.



- This process results in more evolved magmas, such as basaltic and andesitic
compositions.

Mantle Heterogeneity and Melt Variability

- Variability in melt composition reflects heterogeneity in the mantle source.
- Subduction-related processes introduce volatiles, modifying melting behavior and melt
composition.
- The presence of enriched or depleted mantle domains influences the chemistry of melts
produced.

Significance of Partial Melting in Earth's
Geodynamics

Generation of Oceanic Crust

- The primary magmas generated from partial melting of peridotite form the oceanic crust.
- These magmas solidify to produce gabbroic rocks, which are the bulk of oceanic crust
layers.

Mantle Convection and Plate Tectonics

- Partial melting is a key driver of mantle convection currents.
- It facilitates heat transfer and contributes to plate movements.

Volcanism and Plate Boundaries

- Melts originating from peridotite partial melting are responsible for volcanic activity at
divergent boundaries (mid-ocean ridges) and some subduction zones.
- The composition of these magmas influences eruption styles and volcanic landforms.

Summary: The Higher Composition of Melts from
Partial Melting of Peridotite

In essence, when peridotite undergoes partial melting, the resultant melt is characterized
by a higher content of magnesium, iron, and other incompatible elements relative to the
residual mantle. This higher concentration of Mg and Fe in the melt is a direct consequence
of the mineralogy of peridotite and the melting process's selectivity. The melt's composition



is crucial for understanding crust formation, mantle differentiation, and the dynamic
processes shaping our planet.

---

Final Remarks

Understanding the chemical evolution of melts derived from peridotite is vital for
deciphering Earth's interior processes. The fact that partial melting produces melts with
higher magnesium and iron content underscores the importance of mantle compositions in
controlling the nature of magmas that feed volcanic activity, form crustal rocks, and
influence the planet's geochemical cycles. Future research continues to unravel the
complexities of mantle melting, especially with advances in experimental petrology and
geochemical analysis, offering deeper insights into Earth's dynamic interior.
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