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1. INTRODUCTION 

The study of glacial environments, their dynamics, processes or sediments is a very 
complex field of science. Understanding the behaviour of glaciers is crucial to our 
understanding of the Earth's glacial history and associated climatic conditions. In turn, the 
knowledge of the glacial past may allow for a glimpse into the future. 

Glaciology is a very broad science incorporating a variety of studies related to glaciers. 
For a closer look at the range of available research areas in glaciology it is enough to browse 
through any textbook on the topic (Sugden and John, 1976; Menzics, 1995,1996). It is beyond 
the scope of this introduction to explain in detail every field of science within glaciology. It 
may, however, be necessary to see the importance of the work done for this thesis in the light 
of the current developments in earth sciences. Since the topic of the research may seem very 
specific, and of interest to but a limited group of specialists in the field of micromorphology, 
it is important to put it in a much broader perspective. 

One of the most hotly debated issues in earth sciences today is the theory of global 
warming. The interest of the global scientific community revolves around the issues of the 
risks associated with the warming of the atmosphere and whether the danger is real or 
exaggerated. Since the danger in question involves the melting of the icecaps as well as the 
disintegration of alpine glaciers, the interest of glaciologists is not unexpected. The effects of 
sea level rise due to glacial melting are now generally known. The debate concentrates on the 
question of whether the global wanning trend is a natural event or a man made phenomenon. 
To study the effects of human activities on the global climate it is necessary to investigate any 
and all records of climate change. Information may come from the studies of glacial ice or 
from the glacial record preserved in sediments. It is the second source that shall be considered 
here. If the extent of the ice caps and their dynamics could be derived from the sedimentary 
record, it would be possible to study the severity and the temporal extent of the past climatic 
events. Such record may be available if a study of the grounding line history of Earth's ice 
sheets was completed. The last remaining examples of the great continental ice sheets of the 
past can only be found at the Earth's poles. Of these the Antarctic ice sheet contains large areas 
of both, grounded and floating ice. If the boundary between the marine sediments and the 
subglacial sediments could be established and its movements traced in time and space, then 
it would be possible to draw conclusions regarding the extent of glacial ice caps in the past. 
The changes in the location of the grounding line could then be related to the size of the 
glaciers. It is therefore the differences in the diagnostic characteristics of marine and subglacial 
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sediments that are of utmost interest. Such characteristics are difficult to identify using the 

standard macromorphological methods. 

Studies of macromorphology are by necessity restricted to the qualitative and 

quantitative evidence visible with the naked eye. Genetically different sediments may appear 

identical at this large scale. It is therefore vital that sediments be analyzed microscopically as 

well as macroscopically. The use of an optical microscope to view soil samples was initiated 

by Kubiëna (1938) based on the premise that a true morphogenetic approach to soil studies 

could only be possible using microscopic evidence. This in effect was the result of frustration 

with the more indirect ways of measuring soil characteristics such as pores or mineralogy. The 

use of this approach revolutionized the study of soil sciences resulting in a number of 

micromorphologically related soil classification methods of which Brewer's (1964) was the 

first. The use of microscopes in observations of thin sections of glacial sediments is a much 

more recent development but it is this approach which holds most hope for identification of 

sedimentary facies (van der Meer. 1993). The use of micromorphology may allow to see and 

describe the morphogenetic differences in sediments otherwise indistinguishable. 

While working with thin sections, describing or interpreting, it becomes quite obvious 

that nearly all of the aspects of this type of research remain qualitative in nature. When reading 

descriptions provided by other authors the lack of quantitative characteristics often contributes 

to a degree of ambiguity. The terminology used to describe plasmic fabric strength, for 

example, allows for a very high degree of subjectivity. Therefore, there exists a need for an 

objective scale of plasmic fabric anisotropism strength/development which can then be applied 

to any sample. Such a set of fabric strength values could then be used to help identify processes 

under which the sediment studied was deposited. It is not very likely that a single value, or a 

set of values, regarding plasmic fabric alone can be used to conclusively identify the processes 

or environments involved but such values should no doubt be considered as a vital part in a 

broader set of diagnostic measurements. Similar scale values should be used to describe 

preferred orientation and the frequency of occurrence of oriented domains. Once a means of 

objective measurements is obtained the actual work of setting up identification ranges can 

commence. 

The need for a more accurate and universal set of descriptive characteristic units, 

applied in sedimentary facies studies, becomes even more pressing when the already existing 

body of research is considered. Up to now nearly all of the studies published concentrated on 

either qualitative analysis of thin sections from a given site (Sitler and Chapman, 1955; 

Dalrymple and Jim. 1984; Lagerlund and van der Meer, 1990; van der Meer and Laban, 1990; 
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van der Meer, 1992; van der Meer et al., 1983, 1984, 1990, 1992, 1994; Bordonau and van der 

Meer, 1994) or on general description and interpretation of various microfeatures (Ostry and 

Dean, 1963; Korina and Faustova, 1964; Wisniewski, 1965; Tchalenko, 1968; Clark, 1970; 

Foster and De, 1971; Maltman, 1977, 1987, 1988; Tovey and Wong, 1980; Love and 

Derbyshire, 1985; van der Meer, 1987, 1997;Feeser, 1988; Hiemstra and van der Meer, 1997). 

The results were very often based on the subjective observations and impressions of the 

authors. By their very nature these studies tended to be highly subjective and their accuracy 

or conclusions could sometimes be questioned. Although accepting their usefulness in 

classifications and pedogenetical studies, Lafeber (1967) questioned the usefulness of the 

descriptive studies in quantitative structural analysis of soils. The same may be said of thin 

section studies of glacial sediments. Quantitative studies should play a larger role in thin 

section observations and digital image analysis techniques should be utilized in order to 

improve the efficiency and accuracy of the measurements. 

The use of image analysis techniques in micromorphology can be justified in many 

ways. In one way or another, all forms of visual analysis are a form of image analysis. 

Evolution has refined the human brain into a form of image analyser. The eye is nothing more 

than an incredibly sophisticated analog image scanner. The multispcctral data available 

through the visible spectrum is scanned by the optical receptacles in the eye the same way as 

a digital camera or an image scanner. The information is then analysed by what is still the most 

powerful computer available. The brain can absorb, study and interpret the information 

available literally in a blink of an eye. Furthermore, the data gathered in this way can be very 

effectively stored and used to draw conclusion from or to reference, use and analyse later. As 

of yet the ability to learn is the one single weakness that the silicon based machine processors 

simply can not overcome. 

And yet the computer does have its own advantages. It "sees" more than the 16 shades 

of gray that the human eye/brain can effectively distinguish. It doesn't get bored or tired. It is 

not biassed in the same way as a human mind can be. It can use complicated mathematical 

formulas in a much more efficient way. It stores the "interesting" data as well as the "boring" 

bits. In short, it complements the mind like no other machine or tool. 

The use of new technologies to enhance the quality of visual studies is hardly a new 

concept. Galileo's telescope, van Leeuwenhoek's optical microscope, scanning electron 

microscope, satellite mounted sensors or the vaunted (if temporarily near-sighted) Hubble 

telescope. These are all examples of the way in which our ability to see is enhanced far beyond 

its usual range through the progressively more efficient technologies. With all this new visual 

information so readily available it should come as no surprise that there is a need for 
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progressively more advanced analytical techniques. 

This need for a better and faster data processing is the raison d'etre of the digital image 

analysis. The subject of thin section sample quantification is almost perfectly suited to the 

application of computer technology. Thin sections are essentially 2-dimensional slices of a 3-

dimensional medium. Any analysis using optical microscope, going back to Kubicna's (1938) 

work, is inherently limited in its spatial aspect. Many attempts at the 3-dimensional analysis 

have been made in the past and these will be discussed later in this thesis. What is important 

is that these approaches were never completely successful and yet the study of micropedology 

and micromorphology has continued to develop in spite of these apparent limitations. 

If the 2-dimcnsional analysis approach is sufficient then how can it be improved? It 

would appear that quantification is the answer. Without challenging the quality of descriptions 

and interpretations of an average visual thin section study it must still be pointed out that the 

descriptive characteristics used in one paper will only rarely be identical to those used in 

another. Here the problem rests with the qualitative and quantitative estimations of certain 

microfcaturc characteristics. To use an example, what is strong plasmic anisotropism to one 

viewer may not appear so to another. Quantitative techniques, such as point counting, are also 

highly inaccurate (McKeague et al.. 1980; 1981; Murphy, 1983), although the degree of 

accuracy varies with application and the targeted features. The essential limitation of the 

qualitative description is its subjective nature and this may not be easily overcome. Rather, an 

attempt must be made at creating a system of objective quantitative means of thin section 

description and study. 

What the other methods of quantification lack can be described in one word: continuity. 

No matter how efficient, all of the known techniques of thin section quantification extrapolate 

results from a measured sample. Extrapolation and generalization are unavoidable aspects of 

thin section research. Samples collected in the field must be taken from a statistically 

significant number of suitably distributed locations. Similarly, Kubicna tins must be used to 

collect a few significant samples within each location pit. Unavoidably some data will be 

omitted from the final study. Regrettably the data contained in the thin section sample itself 

will also have to be studied selectively - from a preset or randomly chosen list of locations. 

Even within those locations the measurements are taken at intervals. This further affects their 

overall accuracy. It can be said then that there are four separate stages of data loss due to 

discontinuity. This number increases to five if one considers the fact that the thin section 

shows only a thin 2-dimensional slice of the 3-dimensional block sample. The use of image 

analysis technology allows for the elimination of up to two of the discontinuity stages. 

Image analysis takes into consideration the entire area of the image studied. 
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Theoretically, any thin section can be scanned, from end to end, in a continual manner 

achieving a complete set of results for each sample. In practice the considerations of 

processing time and storage space require that only a set of sample images be used. But the 

images selected are studied completely. This in itself does not appear to be significant unless 

one considers that the data gathered through image analysis requires very little effort from the 

user. Significantly, it can also be very quick allowing for a larger number of sample images 

per thin section - up to a complete mosaic covering the entire surface. Finally, the 

measurements performed by the computer are completely unbiassed and can be replicated 

infinitely. Provided that a wide ranging set of quantitative standards can be established, the 

results gathered can be interpreted in the same way by any researcher. The image analysis 

technology does however require an initial investment of time and effort so as to establish the 

testing processes. The testing can usually be highly automated, often completely, but by its 

nature the glacial sediment thin sections are highly varied and they'll tend to require frequent 

modifications to the pre-existing procedures. An added advantage is that the procedures can 

be optimized to suit the needs of the research - maximizing the accuracy and speed. 

This thesis thus concentrates on one specific aspect of micromorphology. The topic of 

measurement and description of the anisotropic plasmic fabric in glacial sediments applies to 

only one facet of the micromorphological analysis. However, this work provides the 

foundation around which other methodologies can be built. In addition to analysing the plasmic 

fabric, the central methodology also considers some aspects of skeleton grains, porosity and 

applies the concepts of multispectral analysis. 

Skeleton grains, pores (or voids) and plasma (or matrix) are the three main components 

of both soils and sediments and these terms are used frequently in thin section descriptions. 

Brewer (1964) defines skeleton grains as individual mineral grains, siliceous and organic 

bodies, larger than colloidal size, which are stable and not readily translocated. Plasma 

includes all material of colloidal size, mineral and organic, which is capable of being moved 

or reorganised. Matrix is a general term referring to any material which encloses other 

identifiable features or materials (Brewer, 1964). In thin section studies, skeleton grains differ 

from plasma in that they can be clearly identified as 'visible individual bodies' within the 

undifferentiated mass of finely ground plasma. At the microscopic level of observations 

'matrix' and 'plasma' are therefore synonymous. Pores (voids) are air or water filled spaces 

between the solid components of sediments. Plasmic fabric is the arrangement of plasma in 

response to stresses. This arrangement can only be observed with cross-polarized illumination. 

Cross-polarizers allow light to pass through anisotropic crystalline minerals only. Plasmic 

fabric is a parallel arrangement (stacking) of anisotropic clay minerals producing the effect of 

optical birefringence (anisotropism). Contiguous bodies of similarly oriented birefringent 

plasma are known as plasma separations or domains (please see chapter 3.0 for a more detailed 
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description). 

The physical dimensions of the smallest identifiable skeleton grains, voids and plasmic 

fabric domains depend in part on the thickness of the thin section used. The accepted standard 

of 25 urn thickness of thin sections is derived from their original purpose of aiding in mineral 

identification. In practice the thickness of thin sections may vary slightly and thus affect the 

optical behaviour of individual minerals and plasma. Whenever the thickness of the thin 

section is known to be different from the standard it should explicitly stated. Most of the thin 

sections used in creation and testing of the methodology described in this thesis measured 20 

um in thickness. 

Strictly speaking, the idea of examining thin sections using image analysis techniques 

is hardly new. This will be shown in the subsequent chapters, which deal with the topic in 

some detail. To the best of the author's knowledge, the specific concept of using multispcctral 

analysis to measure the degree of anisotropism of the plasma has not been investigated in any 

specific referenced work. Yet, although the idea as shown in this work was completely 

original, the author can not fail to point out that the same approach has been suggested by 

FitzPatrick (1993). Although no specific references were made, FitzPatrick (1993) also 

indicated that the approach described has been successfully tested. The innovative nature of 

the ideas described in FitzPatrick's work can be gauged best by the fact that most of the image 

analysis related efforts at the time were still concentrating on gray scale images and object 

identification through thresholding. Any work incorporating GIS applications or multispcctral 

classifications to anything other than satellite imagery was still in its infancy. The author hopes 

that the methodology described and the results achieved can be considered a successful 

development of the concepts described by FitzPatrick, even if the work parallelled rather than 

stemmed from his research. 

The object of this thesis will be to create a method of quantitative description of 

plasmic fabric in thin sections and to apply this method in studies of specific glacial 

sedimentary environments. 

Although plasmic fabric is only an individual characteristic and therefore one of many 

factors to be considered when describing thin sections, it remains one of the more important 

ones. Plasmic fabric's importance relates back to the variety of information it can provide. The 

orientation and strength of the plasmic fabric can be directly related to the stress conditions 

within the sediment, rheology. pore water pressures, diagenesis, temperature conditions within 

the sediment and many other sedimentary conditions resulting in changes in plasma 

organization. 
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Up to now most of the efforts concentrating on the study of plasmic fabrics emphasized 
the qualitative aspects of data collection and interpretations. Plasmic fabric classifications were 
developed within the context of soil micromorphology classifications, rarely if at all describing 
preferred plasma orientation in terms of specific sizes, shapes or anisotropic intensity. This has 
the detrimental effect of being highly subjective and dependent on the conditions under which 
the plasmic fabric is studied. As an example, it is possible to interpret Brewer's unistrial 
plasmic fabric as masepic if viewed under sufficiently high magnifications. The need to 
quantify the subject of plasmic fabric has been noted and some work on subject has been done 
(Morgenstern and Tchalenko, 1967a,b; Tchalenko, 1968; Feeser, 1988). 

The future of the study of micromorphology appears to be closely linked with the use 
of image analysis. Image analysis techniques allow for image manipulation and enhancement 
aiding in the visual analysis of thin section samples. Like their larger scale satellite imagery 
equivalents, the thin section digital images can also be acquired using multispectral techniques 
allowing for display using alternate forms of illumination, such as ultraviolet light. 
Furthermore, the use of multispectral imagery can be used to quantitatively identify and 
interpret features found in thin sections. The ability of the computers to repeatedly execute 
whole series of commands allows for creation of analysis routines which can then be used on 
any number of samples. Such routines can be used to extract data or enhance imagery in 
identical way every time resulting in standardized results from each test. Such uniform results 
can be used to compare features of the same type located at different locations and identified 
or studied by different authors without the danger of confusion due to subjective nature of the 
study. 

The application of image analysis techniques should be considered individually for the 
different types microfeatures. The variety of features and their characteristics necessitates the 
development of individual procedures based on criteria which best satisfy the data 
requirements. This thesis is meant to initiate this process by designing an image analysis 
methodology for the study of plasmic fabrics in thin sections. The use of Geographical 
Information Systems will allow for the application of multispectral classification in object 
identification. In addition, the methodology will use the vector image based capabilities of the 
GIS programs - allowing for much more sophisticated measurements and analysis of shapes 
and shape related characteristics. It is hoped that this work will form a starting point for the 
future development of the technique. 
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THESIS OBJECTIVES 

The objective of this thesis will be the creation of an image analysis method for the 

study of plasmic fabrics in glacial sediments. As mentioned above, micromorphology allows 

for a very precise study of glacial sediments. Magnifications used in such studies shed light 

on sedimentary features previously invisible to the naked eye. Micromorphology therefore 

allows for diagnostic differentiation between superficially identical sediments. - facilitating 

more accurate interpretations of sedimentary facies history. However, most of the current 

research using micromorphological techniques concentrates on qualitative descriptions of thin 

sections. It is my contention that a more quantitative approach is necessary. Image analysis has 

been used to quantitatively study soils and it is therefore important to consider the possibility 

of its application in glacial sediments. 

The program used to run the routines created for this thesis (TNT-Mips v.6.0 and TNT-

lite) was selected because it satisfied the minimum requirements of the analysis. The 

requirements included ability to process colour images (rasters), multispectral classification 

algorithms, vector image analysis, general flexibility allowing for detailed variable settings and 

an ability to run macro routines. There are many other programs capable of fulfilling these 

requirements and should allow for the implementation of the principles outlined in this thesis -

albeit with some application specific modifications. 

Once the image analysis routine is created it will be tested using a selected set of thin 

sections. The samples chosen will include a wide range of plasmic fabric examples. They will 

also range in terms of degree of anisotropism. This range of samples is necessary to evaluate 

the method completely. The results will then be compared to the know descriptions of the thin 

section samples used. The similarities and differences found will be discussed further from the 

perspective of usefulness in glacial micromorphology and of the future technique development. 

The technique will involve routines detecting plasmic fabric, measuring its strength, 

overall anisotropism, density/frequency of plasmic fabric domains and their preferred 

orientation. The relationship between fabric domains, voids and skeleton grains will also be 

evaluated. 

Jongerius et al. (1972) ventured a prediction that some time in the future a complete 

means of image analysis based morphometry will be possible. Although the statement referred 

to soil thin sections it is hoped that a similar objective can be reached for glacial sediments thin 

sections. 

This project should be considered an initial stage in the process of creation of a more 
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complete set of data regarding not just plasmic fabrics but any other micromorphological 
features to be found in glacial sediments. Such data sets could then be used to compare and 
identify sedimentary samples from a variety of sites of known and unknown dcpositional 
history. It is hoped that this type of approach to glacial micromorphology studies in 
combination with techniques currently used could, in the future, lead to a better understanding 
of sedimentary records. 
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