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Summary

Soil micromorphology owes it popularity to the late Walter Kubiéna who saw its
potential as a tool to investigate some of the properties and processes in soils. His two
books “Micropedology” and “Soils of Europe” are landmarks in the development of
Soil Science. He did not have the benefits of modern equipment and impregnating
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resins, his thin sections were made with Canada balsam and hand ground. His work was
followed by other researchers, in particular in the Netherlands and in Germany. Then
followed a number of important publications on micromorphology by Brewer,
FitzPatrick, Bullock et. al. and Stoops. The technique is now well established globally
with investigations into every aspect of soil science including engineering and
archaeology.

There have been many notable contributions but alas there is no consensus about
terminology. There are those that have produced very elaborate terminologies and some
like this author that plead for simple language and the use of accepted terms as used in
this publication. The aim of this chapter is to present mainly, and in the simplest
possible way the study of soil in thin sections. It starts with a very brief mention of
methodology followed by definitions and concepts which are still being developed.
Primary minerals and mineral weathering are discussed as well as the most important
secondary minerals. This is followed by the organic fraction and its organisms, both
microorganisms and mesofauna. Fine material, matrix, pores and structure are then
presented followed by impregnations, nodules and concretions. Experimental results on
the production of some features are included. Finally a number of relevant applications
are briefly discussed.

1. Introduction

One of the first major microscopic investigations was made by Harrison (1933), who
used thin sections and other procedures to study the weathering of different rock types
under tropical conditions in Guyana. The great pioneer of soil micromorphology was,
however, the late Kubiéna (1938), and contemporaneously with his work, other
techniques were developed for studying soils in greater detail, in particular
Transmission (TEM) and Scanning Electron microscopy (SEM). In addition, thin
section studies have often been linked with X-ray diffraction and X-ray microprobe
analyses, as well as with microbiological and other types of investigations.

The objective of this chapter is to outline the main developments and features of soil
microscopy and micromorphology. These are presented in a somewhat pragmatic
manner under what seem to be useful headings, and can be regarded as a summary of a
CD recently released by the author (FitzPatrick, 2005).

2. Techniques

The basic technique in soil microscopy and micromorphology involves the preparation
of thin sections of undisturbed soil materials, the samples being collected in boxes with
double lids to avoid disturbance. The outstanding developments include the use of
synthetic resins for improved impregnation and the increase in size of thin sections. The
introduction of acetone as a diluent of the resins made it possible to remove water from
the samples by acetone exchange thus reducing shrinkage.

Over 45 ancillary techniques are used, including fluorescence, image analysis and

electron microscope analyses. Polished blocks may be adequate if a fluorescent dye is
incorporated in the impregnating resin as the block can then be photographed with
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fluorescent light to show the distribution of the pore pattern.
3. Definitions, Concepts and Features

Fabric, Structure and Assemblage - Fabric is the mutual arrangement and relationship
between particles within the soil as a whole and within the various features, while
structure is the type and degree of aggregation. The totality of all features in a specimen
is called an ensemble or assemblage. The main fabric relationships seen in thin sections
are in the fine earth, including both mineral and organic materials. These may be
observed in thin sections but in a number of cases SEM is required.

Fine material — This refers to the material with a diameter of less than about 20um and
which is beyond the resolving power of the optical microscope. It may be arranged as
granules, masses, and links between grains or forms a complete matrix. Burnham (1970)
suggested seven different ways in which clay particles might be arranged (Plate 1).
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Plate 1. Arrangement of clay particles: (A) fabric composed of randomly orientated clay
particles; (B) fabric composed or randomly orientated domains; (C) fabric of domains in
parallel alignment; (D) fabric of parallel orientated clay particles with little
differentiation of domains; (E) granular particles of iron oxide, organic matter or fine
silt interfere with the parallel orientation of the clay particles; (F) randomly orientated
domains may occur between grains if coarse silt; (G) large sand particles with clay
particles aligned tangential to their surfaces.

Matrix - Material of any size forming a continuous phase surrounding and enclosing
coarser particles. Thus, a matrix may be dominantly clay surrounding sand particles or
silt surrounding particles of gravel.

Homogeneity and heterogeneity - The concepts of homogeneity and heterogeneity are

difficult to apply since a given volume of soil may at the same time be homogeneous
with regard to one property, for example color, and heterogeneous with regard to
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another property such as the sand mineralogy. Even the most uniform soils exhibit some
degree of heterogeneity which might be just visible in the field, but conspicuous in thin
sections. If, for example, a soil composed mainly of clay has a few grains of silt, and
more particularly quartz sand these will appear conspicuous particularly when examined
with circularly polarized light.

Recognition of individual features - One of the most difficult tasks in micromorphology
is the recognition of individual features. Clay particles are themselves individuals; they
cannot be recognized with the optical microscope but can only be identified with
TEM or SEM techniques. Most thick clay coatings are easily recognized, but thin clay
coatings are extremely difficult to identify. The frequency of clay coatings in a given
soil can vary widely when estimated by different operators.

Recognition of patterns - Probably the most important aspect of micromorphology is the
recognition of patterns, not only the pattern of single individuals but also the
relationships between the individuals themselves. The types of pattern range from the
relatively simple distribution of individual quartz grains to the often complex
distribution pattern of clay coatings. Probably the most difficult patterns to recognize
are those of the anisotropism of matrices. It is often difficult to describe individuals and
patterns. In many cases a true representation can only be achieved with good
photographs and diagrams.

Quantification of features — It has been shown that over 20 cores with two thin sections
from each core are required to characterize quantitatively coatings, matrices, pores and
concretions in horizons with translocated clay. However, considerable success is being
achieved by the application of many image analysis techniques to thin sections and
polished blocks.

Interpretation of features and patterns - This is based on a combination of experience,
intuition and guess-work. Most workers agree that the majority of clay coatings have
been formed by the translocation of clay particles and their deposition on surfaces. They
also agree that clusters of calcite and gypsum crystals have been formed by the
translocation of calcium bicarbonate and calcium sulfate and crystals growth. However
the interpretation of some concretionary material in very old tropical soils is extremely
difficult.

Confirmation of the interpretations will probably require experimentation. It may,
however, not always be possible to reproduce in the space of a few weeks or even
months, those features that have taken hundreds or thousands of years to form. Some
researchers have nevertheless been able to produce clay coatings similar to those found
in natural soils in the field, while others have demonstrated that certain forms of matrix
anisotropism can be produced by stress and shearing.

Properties of features and minerals - The main properties are: color, prominence, size,
shape frequency, roundness, sphericity, surface characteristics, boundaries, distribution
pattern, relationships between features and orientation. It is beyond the scope of this
chapter to present fundamental mineralogical data and principles (For more details see
Soil Mineralogy) but it is imperative that all soil micromorphologists have a thorough
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grounding in mineralogy.

It is also beyond the objectives of this chapter to discuss the mineralogical properties of
rocks. However, their morphology may indicate a good number of relevant diagnostic
processes, in particular because rock fragments often form nuclei. It is also common to
find rock fragments with coatings and/or pendants of calcite. Another common feature
is the occurrence of a thin coating of silt on the tops of stones and peds, used as
evidence for active or relic freezing and thawing.

4. Mineral Soil Material

4.1. Primary Minerals and Particle Size Classes

The mineral material in soils ranges in size from the very smallest particle, such as
single grains of hematite >0.1 um in highly weathered tropical soils up to the largest
erratic boulders found in glacial drift or core stones in weathered rocks. The origin of
these components may be different but they are part of the soil system.

It is noteworthy that hematite and large erratics occur in some glacial deposits and soils
in north-east Scotland derived from Old Red Sandstone. The shapes of the large
separates often give a clear indication of the processes which have influenced the
formation of the parent material and/or the soil itself.

Sand varies in shape from smooth and rounded to rough and angular. Smooth and
rounded shapes are found in wind-blown materials and beach sands, sub-rounded grains
occur in alluvium and beach deposits, and angular grains dominate in glacial deposits.

Minerals in a strongly weathering environment usually develop a variety of forms as
determined by the nature of the weathering and the crystal structure of the mineral. Silt
grains for instance are invariably irregular in shape. The shapes of some particles are
controlled largely by their structure.

The primary micas and chlorite keep their marked platy form in all size fractions and
the amphiboles always tend to be fibrous. Some of the hard resistant minerals such as
zircon tend to retain their euhedral form, even after prolonged weathering, but they do
loose their form when subject to strong abrasion.

The particle classes have different degree of mobility within the soil. The large
separates tend to be very mobile under arctic conditions where they are readily heaved
by freeze-thaw processes. Silt and clay fractions are easily translocated and are very
mobile soil components being readily moved by earthworms, enchytraeid worms,
termites, ants, insect larvae and in suspension.

The clay fraction is often considered as being the most mobile and forms clay coatings,
but by far the greatest amount of material is translocated by the soil fauna including
earthworms and termites. Therefore, thin sections should always be carefully examined
for any evidence of movement particularly by biological processes.
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