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Understanding soil formation is fundamental to soil science, agriculture, and environmental

management. Among various parent materials, granite is one of the most widespread igneous rocks

influencing soil characteristics across different landscapes. When examining soils derived from granite,

especially those classified as Profile 4, it becomes essential to interpret their features through

geochemical and mineralogical perspectives. The Goldich's Stability Series offers valuable insights into

the weathering behavior of minerals within granite, helping explain observed soil profiles and their

development stages.

---

Overview of Granite as a Parent Material

Granite is an intrusive igneous rock characterized predominantly by quartz, feldspar (both orthoclase

and plagioclase), and biotite mica. Its mineral composition imparts specific weathering patterns, which

influence soil properties such as texture, mineralogy, fertility, and acidity. As a parent material, granite

tends to produce soils that are often coarse-textured in initial stages but evolve into more mature soils

over time.

---



Understanding Goldich's Stability Series

What Is Goldich's Stability Series?

Goldich's Stability Series is a conceptual model that ranks minerals based on their relative resistance

to weathering. It is essentially the inverse of Bowen's Reaction Series, which describes mineral

crystallization from magma. Goldich's series indicates that minerals crystallizing at higher temperatures

(e.g., olivine, calcium-rich plagioclase) are less stable and weather more rapidly than those forming at

lower temperatures (e.g., quartz, potassium feldspar).

Mineral Stability Rankings in the Series

The series generally orders minerals from least stable to most stable as follows:

1. Olivine

2. Calcium-rich Plagioclase Feldspar

3. Amphiboles

4. Pyroxenes

5. Biotite Mica

6. Orthoclase (Potassium Feldspar)

7. Muscovite Mica

8. Quartz

Minerals higher up the list tend to persist longer in the soil profile, influencing the soil's mineralogy and

chemistry over time.

---



Mineralogical Composition of Granite and Weathering

Implications

Granite's primary minerals and their weathering tendencies:

- Quartz: Highly resistant to chemical weathering; remains stable for long periods.

- Feldspars (Orthoclase and Plagioclase): Less stable; prone to chemical breakdown, releasing cations

like K+, Ca2+, Na+, and silica.

- Biotite Mica: Moderately stable; degrades into clay minerals and releases iron and magnesium.

Understanding these mineral behaviors through Goldich's Series helps predict the development and

characteristics of soils formed on granite.

---

Features of Soil Profile 4 on Granite

Profile 4 typically represents a mature soil profile resulting from prolonged weathering of granite.

Characteristics often observed include:

- Deep, well-developed horizon structure

- Reduced presence of primary minerals, replaced by secondary clay minerals

- Acidic pH due to leaching of basic cations

- Low fertility in some cases owing to leaching losses

- Presence of clay-rich B horizons with secondary mineral formation

These features reflect extensive mineral weathering consistent with the stability rankings of granite's

constituent minerals.



---

Explaining Soil Observations through Goldich's Series

1. Persistence of Quartz in the Soil Profile

Observation: Quartz particles are found in soil mineralogy, often as sand or silt fractions.

Explanation: Quartz's position at the end of Goldich's Stability Series indicates high resistance to

chemical weathering. As a result, it remains largely unaltered during soil development, forming the

durable mineral skeleton of the soil. Its presence signifies advanced weathering stages where less

stable minerals have been leached away.

2. Depletion of Feldspars and Formation of Clay Minerals

Observation: Primary feldspar minerals are largely absent in mature soils, replaced by clay minerals

such as kaolinite.

Explanation: Feldspars, being less stable (especially calcium-rich plagioclase), weather rapidly

according to Goldich's Series. They undergo hydrolysis, releasing ions and transforming into secondary

clay minerals. This process acidifies the soil and results in the development of a clay-rich B horizon,

typical of Profile 4.

3. Presence of Iron and Magnesium Oxides from Biotite Weathering

Observation: Iron-rich mottles or oxides are often observed in the soil.



Explanation: Biotite mica, moderately unstable, releases Fe and Mg upon weathering. Goldich's Series

suggests that biotite weathers faster than quartz but slower than feldspars. The iron released oxidizes

and forms oxides, imparting characteristic coloration and mineral features in the soil.

4. Soil Acidity and Leaching Patterns

Observation: Soils are often acidic with significant leaching of base cations.

Explanation: The weathering of feldspars and biotite releases H+ ions and soluble cations, which are

leached out over time, lowering pH. The stability order indicates that less stable minerals weather

faster, leading to the depletion of nutrients and increased acidity.

5. Development of Secondary Minerals and Clay Assemblages

Observation: Formation of secondary clay minerals like kaolinite and gibbsite.

Explanation: The extensive breakdown of feldspars and mica, as predicted by Goldich's Series, results

in the formation of secondary clays. These minerals are stable in the acidic, leached environment

typical of mature granite soils.

---

Factors Influencing Soil Profile Development on Granite

While mineral stability is fundamental, other factors also influence soil development:

- Climate: High rainfall accelerates leaching, enhancing profile maturity.



- Topography: Well-drained slopes favor leaching, whereas flat areas may accumulate more organic

matter.

- Biological Activity: Organic acids from roots and microbes facilitate mineral weathering.

- Time: Longer weathering periods lead to more mature profiles with pronounced secondary mineral

presence.

---

Summary: Linking Observations to Goldich's Stability Series

The development of soil profiles on granite, particularly Profile 4, can be effectively explained through

Goldich's Stability Series. The resistance of quartz ensures its persistence, creating a durable mineral

framework. Simultaneously, the rapid weathering of feldspars and biotite, as predicted by their

positions in the series, leads to the formation of secondary clay minerals, oxides, and leached

horizons. These processes collectively result in the characteristic features of mature granite soils,

including acidity, clay accumulation, and mineral transformations.

Understanding these relationships is invaluable for soil scientists, agronomists, and environmentalists

aiming to manage land use, predict soil fertility, or study landscape evolution. Recognizing the

mineralogical and geochemical foundation of soil profiles enhances our ability to interpret soil formation

processes in granite-rich terrains.

---

Conclusion

Soil formation on granite exemplifies the dynamic interplay between mineral stability and environmental

factors. Goldich's Stability Series provides a crucial framework for predicting mineral weathering



sequences, which directly influence soil properties and profile development. Profile 4, representing a

mature soil stage, vividly illustrates the cumulative effects of these processes—resistant quartz remains,

while less stable feldspars and micas have transformed into secondary clay minerals and oxides. This

understanding not only deepens our appreciation of soil genesis but also informs sustainable land

management and conservation strategies in granite-dominated landscapes.

Frequently Asked Questions

What is the significance of Profile 4 in soil formation on granite based

on Goldich's Stability Series?

Profile 4 represents a highly weathered soil profile that has undergone extensive chemical and

physical breakdown of granite, illustrating the stability sequence predicted by Goldich's series, where

more stable minerals persist longer during weathering.

How does Goldich's Stability Series explain the mineral composition

observed in soils formed on granite?

Goldich's Stability Series predicts that minerals with higher stability, like quartz, weather more slowly,

leading to soils rich in resistant minerals, whereas less stable minerals like biotite or feldspars

decompose quickly, shaping the mineral profile in the soil.

Why does quartz dominate in the soil profile formed on granite

according to Goldich's Stability Series?

Quartz is the most stable mineral in Goldich's series, so it resists weathering longer, resulting in its

dominance in the soil profile formed on granite, especially in Profile 4 where extensive weathering has

occurred.



How does the weathering process reflected in Profile 4 support the

sequence of mineral stability in Goldich's series?

The advanced weathering in Profile 4 shows the depletion of less stable minerals like feldspars and

biotite, leaving behind more stable minerals such as quartz, consistent with Goldich's sequence where

stability increases with weathering.

What role does chemical weathering play in shaping the mineral profile

of soil on granite as per Goldich's Stability Series?

Chemical weathering selectively decomposes less stable minerals, leading to a soil profile enriched in

resistant minerals like quartz, aligning with Goldich's series that predicts mineral stability during

weathering processes.

How can the observations in Profile 4 help in understanding the

maturity of soil formed on granite?

The extensive weathering and concentration of stable minerals in Profile 4 indicate a mature, well-

developed soil, demonstrating the progressive nature of weathering as described by Goldich's Stability

Series.

Additional Resources

The Soil Formed On Granite (Profile 4). Based On The Goldich's Stability Series, Explain These

Observations.

---

Introduction



Soil formation is a complex, dynamic process driven by the interplay of mineralogical, climatic,

biological, and topographical factors. Among the myriad mineral substrates, granite stands out due to

its widespread occurrence and distinctive mineral composition. Understanding the genesis and profile

development of soils derived from granite provides critical insights into pedogenic processes, mineral

stability, and landscape evolution. Central to this understanding is Goldich's Stability Series, a

conceptual framework that predicts the relative resistance of minerals to weathering based on their

crystallization temperatures and chemical stability.

This article investigates the soil formed on granite (Profile 4), elucidating its characteristics through the

lens of Goldich's Stability Series. We will explore the mineralogical transformations, soil horizon

development, and the underlying principles explaining these observations, offering a comprehensive

review suitable for academic and professional audiences.

---

Background: Granite as a Parent Material

Granite is an intrusive igneous rock composed predominantly of quartz, feldspars (both plagioclase

and orthoclase), and minor amounts of biotite or other ferromagnesian minerals. Its mineral

assemblage is relatively stable at the Earth's surface, especially quartz, which is highly resistant to

chemical weathering. The mineral composition significantly influences the soil profile formed on granite,

as different minerals weather at different rates.

---

Goldich's Stability Series: An Overview

Goldich's Stability Series, formulated by S.S. Goldich in 1938, ranks minerals according to their

susceptibility to chemical weathering. The series is based on the principle that minerals crystallizing at

higher temperatures are generally less stable at Earth's surface conditions, thus weather more readily.



Key points of Goldich's Series:

- The series orders minerals from least stable to most stable.

- Generally, mafic minerals (like olivine, pyroxene) are least stable.

- Felsic minerals (like quartz, muscovite) are most stable.

- The series explains why certain minerals weather faster and influence the development of soil

horizons.

Simplified Fragment of Goldich's Stability Series:

| Least Stable | More Stable |

|----------------|--------------|

| Olivine | Quartz |

| Augite (Pyroxene)| Muscovite |

| Biotite | Orthoclase (K-feldspar) |

| Plagioclase | Quartz |

---

Profile 4: Characteristics of Soil Formed on Granite

Profile 4 refers to a specific soil profile developed over granite bedrock. Based on typical observations,

such a profile exhibits:

- Well-drained, coarse-textured surface horizons.

- Moderately developed eluviation-illuviation layers.

- High quartz content in the mineral fraction.

- Presence of clay illuviation horizons (argillic or spodic horizons).

- Limited formation of clay minerals due to the stability of primary minerals.

- Slight to moderate acidity, influenced by the ongoing weathering process.



Typical Soil Horizons:

1. O Horizon: Organic-rich layer with decomposed plant material.

2. A Horizon: Mineral soil with mixed organic material and weathered mineral particles.

3. E Horizon: Leached zone, often present in well-drained soils, characterized by loss of clay, iron, and

organic matter.

4. B Horizon: Accumulation of leached-out materials, including clay, iron, or aluminum oxides.

5. C Horizon: Partially disintegrated parent material, largely unaltered granite fragments.

---

Mineralogical Transformations and Weathering Processes

Initial Weathering of Granite

The weathering of granite initiates with physical disintegration, facilitated by factors such as

temperature fluctuations, freeze-thaw cycles, and biological activity. This physical breakdown exposes

mineral surfaces to chemical attack.

Chemical weathering of primary minerals:

- Feldspars: undergo hydrolysis, forming clay minerals (kaolinite, illite) and soluble ions.

- Quartz: remains largely unaffected due to its high stability.

- Biotite and other ferromagnesian minerals: decompose to release iron oxides and secondary clay

minerals.

Role of Goldich's Series in Mineral Stability

Applying Goldich's series:

- Feldspars (Orthoclase and Plagioclase): are relatively less stable and weather to clay minerals,



releasing ions such as K⁺, Na⁺, and Ca²⁺.

- Biotite: weathers to clay and iron oxides, contributing to soil pigmentation.

- Quartz: remains resilient, often forming a residual matrix in the soil.

This differential weathering results in a soil profile where resistant quartz fragments dominate the

mineral fraction, while secondary clay minerals and oxides accumulate in specific horizons.

---

Explanation of Observed Soil Features Based on Goldich’s Series

1. Presence of Clay and Its Distribution

The formation of clay minerals in Profile 4 is primarily due to the hydrolysis of feldspars and biotite.

According to Goldich's series, feldspars are less stable and weather quickly, producing fine clay

particles that migrate downward or accumulate in specific horizons. The resulting clay-rich B horizon

indicates ongoing leaching and illuviation, consistent with the stability ranking.

2. Limited Development of Clay Minerals

Despite weathering, the dominance of primary minerals like quartz reflects the mineral's high stability.

The soil's mineralogy is characterized by a high quartz content, which explains its coarse texture and

low natural fertility.

3. Iron Oxide Formation and Soil Coloration

The oxidation of biotite and other ferromagnesian minerals produces iron oxides (hematite, goethite),

imparting reddish or yellowish hues to soil horizons. These oxides are relatively stable, aligning with

their position lower in Goldich's series.

4. Soil Acidity and pH Dynamics



Weathering of feldspars releases basic cations initially, but over time, leaching and oxidation

processes can lead to acidity in the soil profile. The stability of quartz ensures minimal buffering

capacity, influencing pH.

---

Factors Influencing Soil Development on Granite

While mineral stability is crucial, other factors shape the soil profile:

- Climate: High rainfall accelerates leaching, promoting clay and oxide accumulation in lower horizons.

- Vegetation: Organic acids from plant roots enhance mineral weathering.

- Topography: Slopes facilitate erosion of finer particles, affecting horizon development.

- Time: Longer weathering periods produce more developed profiles with distinct horizons.

---

Comparative Analysis with Other Parent Materials

Compared to soils derived from more unstable minerals like olivine or augite, granite-based soils tend

to be:

- Less fertile: Due to limited clay formation.

- More mature: With well-developed horizons of resistant minerals.

- Less prone to rapid leaching: Given the relative stability of primary minerals and secondary clay

minerals.

---

Implications for Land Use and Soil Management



Understanding the mineralogical foundation of granite-derived soils informs agricultural practices,

forestry, and land conservation:

- Fertility: Generally low, requiring amendments or organic matter addition.

- Drainage: Well-drained due to coarse textures.

- Erosion susceptibility: Moderate to high on slopes; protective vegetation cover is essential.

---

Conclusion

The soil formed on granite (Profile 4) exemplifies the principles underlying mineral stability and

weathering processes as explained by Goldich's Stability Series. The predominance of quartz and the

limited development of secondary clay minerals reflect the high stability of primary minerals, resulting

in a soil profile characterized by coarse textures, minimal clay accumulation, and specific horizonation

patterns.

By analyzing the mineralogical composition and profile features through the lens of Goldich's series,

we gain a deeper understanding of pedogenic processes in granitic terrains. This knowledge not only

enriches academic understanding but also guides practical land management, conservation, and

agricultural strategies in regions underlain by granitic bedrock.

---
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---

Note: This comprehensive review synthesizes mineralogical principles, soil science concepts, and

pedogenic processes to explain the observed features of soils developed on granite, grounded firmly in

the framework of Goldich's Stability Series.
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