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2. LITERATURE REVIEW 

2.1 Introduction 

This chapter of the thesis will delve into the history of the micromorphology and image 
analysis. The objective is to create a logical link between the subjective description based work 
and the objective, quantitative, image analysis based research. The chronology will attempt to 
show how the two approaches have steadily developed and how this progress leads us to the 
use of the newest technologies in the study of thin sections. Even more specifically, the review 
will look at the thin section studies of glacial sediments and what has been achieved so far. It 
will hopefully clearly illustrate the current state of research and how the methodology shown 
in this thesis fits within the greater framework of the micromorphology studies. 

Since the topic of the thesis is an application of image analysis in glacial 
micromorphology it is important to be able to link the technique and the discipline. First an 
attempt will be made at explaining the concepts of micromorphology. The emphasis will be 
placed on the general history and the techniques of micromorphological studies in soils and 
sediments. The section will also introduce some of the quantitative approaches to 
micromorphology and their applications. Finally, a brief examination of the current state of 
research involving plasmic fabric in glacial sediments will conclude the micromorphology 
section. 

The next topic will cover the various techniques of image analysis and their history as 
seen from the perspective of science applications. The emphasis will be on the many technical 
differences between the methods and how they affect the results. This part of the literature 
review will conclude with some examples of the use of image analysis techniques in sciences. 
The examples listed will be selected based on their similarity to the objectives attempted in the 
thesis. They will show how the methodology developed in other disciplines, especially soil 
science, may be used in glacial micromorphology studies. 

Once the previous two topics are completed a closer look at the use of image analysis 
in soil science will be presented. The combination of soil micromorphology and image analysis 
will be described in terms of history and the variety of applications. A special case of image 
analysis of plasmic fabrics in soils will be examined more carefully. The attempt will be made 
to relate the examples shown to the quantification topics presented and studied in the thesis. 
This will hopefully allow for an understanding of what can be gained from the application of 
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the very same techniques and methodologies to glacial sediment studies. 

The literature review chapter will conclude with a look at the history of the quantitative 

studies in glacial micromorphology. The emphasis will be on the image analysis techniques 

used to quantify data available from thin sections or SEM studies and will end with a listing 

of the known examples of quantitative and image analysis research applications used to deal 

with plasmic fabrics in glacial sediments. It will hopefully allow for a clear understanding of 

why this project was undertaken and where it belongs within the broad scope of the glacial 

micromorphology studies. 

2.2 Micromorphology 

The study of micromorphology has applications in a very wide range of sciences. In 

fact any field of study interested in microscopic size features deals with micromorphology. 

Geology, archaeology, soil zoology, botany, physics, metallography, civil engineering are all 

examples of fields of study currently employing micromorphological techniques. The 

objectives of the thesis concentrate on the applications of the micromorphology in glacial 

sedimentology. As such the concepts are very closely related to the ideas of pedology/soil 

science. Most of the descriptive terminology and techniques used in thin section creation trace 

their origin straight back to soil science. In this section the main focus will be on the visual or 

descriptive micromorphology. Without going into any image analysis related topic, the review 

will first concentrate on the history and the development of the soil micromorphology 

techniques. The second half will present the history and the general state of research in glacial 

micromorphology. 

2.2.1 Soil Micromorphology 

The study of soil micromorphology concerns itself with observations and 

interpretations of soil characteristics not visible with the naked eye. It is generally accepted 

that this body of science was initiated in late 1930's by Kubicna. Kubiëna's (1938) work first 

considered the concepts of soil fabrics and their analysis in undisturbed soil samples. The use 

of thin sections was also promoted. Brewer (1964) introduced several new concepts such as 

plasmic fabrics. Morpho-analytical, structured approach to soil thin section descriptions 

promoted by Brewer (1964; 1976) lead to a general shift within soil science. There were several 

refinements, mostly additions such as that of Jongerius (1964) or organic material related 
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Barratt (1969), Bal (1973) and Babel (1975). Jongerius and Rutherford (1979) and Bullock et 

al. (1985) attempted to further revise and simplify the growing body of terminology. The 

attempt at replacing plasma/skeleton concept with fine/coarse terminology, or birefringence 

fabric instead of plasmic fabric has not been entirely successful. 

In fact, FitzPatrick (1993) points out that the use of the term bircfringent fabric is incorrect as 

birefringence is a numeric concept rather than the visual phenomenon of matrix anisotropism 

and the two should not be interchangeable. FitzPatrick (1984) micromorphology of soils 

classification system attempted to replace the many relative terms with a set of clearly defined 

quantities. Although not generally accepted as a "definitive" classification system, FitzPatrick's 

(1984) work has a strong appeal to anybody with an interest in micromorphological data 

quantification. FitzPatrick (1993) proceeded even further with the development of quantitative 

approach by introducing the image analysis techniques - both as a general concept and some 

specific applications within some individual sub-disciplines. 

2.2.2 Soil Micromorphology Techniques 

The overriding purpose of micromorphology is to analyse undisturbed soil structure. 

For this reason it is of utmost importance to create a method of sample acquisition which 

would eliminate any possible sample disturbance while allowing repeated sample use and 

portability. There are currently a number of methods available for production of thin sections 

as described by Murphy, (1986). The basic issues of thin section production can be 

summarized as: Sampling and transportation factors, water removal, impregnation media, 

impregnation processes, thin section cutting and grinding. Although the procedure can be 

described generally, it is important to remember that individual needs of research often require 

modifications and adjustments to the method described below. Some different methods of thin 

section preparation can be found in Murphy (1986), Fox et al. (1993), Page and Richard (1990) 

(soil science), van der Meer, (1993a) (glacial micromorphology), Lee and Kemp (1992) 

(sedimentology), Tippkötter et al. (1986) (biological), Moran et al. (1989b) (general clay 

samples). However, the list of possible variations can be quite long and detailed. To list them 

all appears rather beyond the scope of this thesis but for more details the reader is directed to 

Bouma (1969). This book provides a comprehensive, if slightly dated, review of the various 

field and laboratory techniques in micromorphology. 
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Thin Section Preparation Techniques 

The general description of the preparation procedure is based on the method used at the 

University of Amsterdam Physical Geography and Soil Science Laboratory (FGB) as described 

in van der Meer (1993a). 

Sample collection is the first step in thin section preparation. There are several issues 

to be decided prior to sampling. The size of the samples taken is important as is their location 

within a more complex sedimentary sequence. Most often it is necessary to collect a larger 

number of samples if their selection is to be representative of the field situation. Each box must 

be labelled as to its location in the sequence, its top and preferably orientation direction. It may 

also be necessary or helpful to impregnate samples in the field. 

Individual samples should be collected by cutting sediments away from the sides of the 

Kubiëna tins rather than with the use of pushing force. Any space left in the sample boxes 

should be filled with loose material to protect the sample from the effects of vibrations during 

transport. The nature of the filler should be noted and it should probably be significantly 

visually different from the sampled material in order to minimize the subsequent confusion 

during description and interpretation stages. 

Each sample must undergo some form of a water removal procedure. Very often this 

can be achieved by simple room temperature air drying or. if necessary, oven drying. When 

required other water removal methods, such as acetone displacement (Bullock and Thomasson, 

1979; FitzPatrick, 1984; Murphy, 1986; Moran et al.. 1989b) or freeze-drying(for clay and 

sandy soils) (Ismail, 1975) should be considered. However, freeze drying could cause changes 

in pore size distribution (Thompson ct al., 1985; Jongcrius and Ileintzberger, 1975). This is 

most often associated with organically rich or clay rich samples which could undergo changes 

due to drying. For a more complete listing of the many water removal techniques please see 

Smart and Tovey (1982). 

Once completely dried the sample is immersed in a bath of acetone diluted unsaturated 

polyester resin. There are many other hardening media available, such as: epoxy (Page and 

Richard. 1990), crystic resin (Lee and Kemp, 1992 ) and methyl methacrylate (Van Vliet-

Lanoc, 1980) (see Tippkötter and Ritz (1996) for a comparative study). Extra additives, such 

as fluorescent (FitzPatrick. 1970; Altemüller and Van Vliet-Lanoe, 1990) or U V sensitive dyes 

(Lee and Kemp, 1992), may be introduced into the resin at this time. The sample is 

impregnated under vacuum. Nitrogen gas at a pressure is also added to speed up the process. 

The hardening of the sample takes approximately 6 weeks but the time may vary dramatically 

between the many different methods. Final curing in an oven (40 °C) for two or three days 

usually completes the process of impregnation. 

The sample is then cut and placed on a glass slide. The sample is finely ground to 
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approximately 20 urn in thickness and covered with a glass cover. In some cases, such as when 

the emphasis of the research is on the micro or plasmic fabrics, the thin section may be bathed 

in mild acid solution in order to remove carbonate material (Wilding and Drees, 1990). In that 

case there is a need for a duplicate thin section. This is almost necessary for any type of 

carbonate rich material which may be left too thin and weak following the acid treatment. This 

method of carbonate removal will also not be effective on dolomites since their dissolution in 

acid takes longer. The thickness of the slide may vary as will the use of the cover glass. 

Bresson (1981) proposed the use of ultrathin thin sections in TEM studies. The thickness of 

each section approached 1000 Angstrom (0.1 urn). The size of the thin section may also vary 

but there are three predominant size types: mammoth (150x80 mm), Kubiëna (80x60 mm) and 

petrographic (28x48 mm). 

Soil Micromorphology Analysis Techniques 

Currently there are many commonly used techniques for microscopic data analysis. 

There is very little to be gained, at this point, by describing every single methodology. 

However, there are many complete reviews of these techniques. These include: Bouma (1969), 

Rutherford (1974), Bisdom et al. (1990) and Douglas (1990). 

Micromorphometry is a significant sub-discipline of the microscopy concentrating on 

the quantitative studies. This work, although technically not image analysis, forms the basis 

for many of the image analysis techniques. Image analysis is in fact simply another tool in 

micromorphometry. There are many different older techniques such as: line measurement, 

point counting, drawing and weighing, planimetry, photometry. Dclgado and Dorronsoro 

(1983) in their review of the progress in image analysis of soils also mention a Zeiss particle 

size analyser - an early form of image analysis application. For an accurate list of references 

related to the other micromorphometry techniques please see Delgado and Dorronsoro (1983). 

The body of work in micromorphometry is very extensive and this is not the appropriate forum 

to go through the complete listing. Only a few of the most relevant and helpful papers, those 

relating almost directly to the thesis, will be discussed below. 

Overall Content 

Overall content of certain materials and features, such as voids, matrix and skeleton 

grains, will be looked at in this thesis. This is why some of the issues concerning estimation 

of the overall content in 2-dimensional space had to be reviewed. The issue of pore space 
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estimation and clay content estimation has been considered quantitatively by Murphy and 

Kemp (1984). The estimates of the overall clay content were found to be excessive while the 

opposite was true for voids. This was found to be an inherent problem of thin section estimates 

as any combination of voids overlapping clays/matrix would be treated as clay/matrix for the 

purposes of visual content estimates. The critical value is the thickness of the thin section as 

any voids of diameter lower than the thickness of the thin section will tend to disappear and 

not be evaluated. Material with a high percentage of micropores (< 20 um in diameter) will be 

affected the most. The significance of this finding can not be overstated considering that most 

diamictons contain some clay within their matrix and may be compacted - resulting in their 

porosity being predominantly within the micropore range. FitzPatrick (1993) discussed the 

concept of porosity estimates from the perspective of the illumination effects and concluded 

that the use of ultraviolet illumination allowed for most accurate results. 

Illuvial clay content was similarly quantified. Miedema and Slager (1972) measured 

the overall content of illuvial clays by point counting techniques. Of significance was the use 

of representative percentages of the overall area to express the degree of illuviation. McKeague 

et al. (1978) also used point counting techniques to estimate illuvial clay content. The study 

involved a soil sample and included measurements at three different magnification settings. 

Both studies were a good example of the early quantitative approach to soil/sedimentary 

structure morphometry. McKeague et al.( 1980) studied the accuracy and reliability of this 

method for illuvial clay content estimation and found significant differences in results. The 

tests showed that the differences based on observer error and multiple viewing arrangements 

resulted in a significant variance of the final results. The results varied anywhere between 39 

and 64 % for the same sample! Clearly the data thus obtained can only be treated as highly 

subjective. 

Murphy (1983) combined the estimates of both illuvial clays and pore spaces in thin 

sections. This was done in order to establish the effectiveness of such combined studies and 

to estimate their accuracy. The results showed that the estimates varied strongly between voids 

and clays. Pore estimates tended to be fairly accurate while the results of illuvial clay 

measurements varied between tests. This was attributed, in part, to the difficulty of locating 

illuvial clays among the many soil constituent materials. Since cross-polarized illumination 

was necessary, the orientation of each thin section studied was also highly important. Also the 

presence of weathered mica, glauconite, argillaceous rock, iron, ferrigenous or 

ferrimanganiferous mottling could result in an underestimation of illuvial clays. Strongly 

orientated plasmic fabrics (an example of in-masepic plasmic fabric was used) will affect the 

results. When compared to the porosity estimates it was found that more thin section samples 

are needed for illuvial clay measurements and that these estimates may be improved if more 

points were to be used (12 000 point grid!). In comparison, only macroporosity estimates (120 

24 



urn) caused problems and these could be improved using multiple thin section studies. 

Similar conclusions were reached by McKeague et al. (1981) while attempting to 

estimate the overall effectiveness of quantitative evaluations of soil horizons. The authors 

concluded that the results achieved using the standard point counting methods are not 

comparable when independent operators are involved. The only way to improve the results is 

to create a set of uniform guidelines which can then be used to improve the quality and 

therefore consistency of the independent results. 

Size Distribution 

Grain size distribution data provided from thin section analysis has been proven 

accurate under certain conditions. There is a general agreement that the 2-dimensional analysis 

of 3-dimensional objects - especially in terms of axial lengths and sizes - tends to be 

inaccurate. Friedman (1958) established that there is a linear relationship between data 

obtained from thin sections using point counting methods and using sieving techniques. 

Therefore it is possible to derive sieve-size distributions from thin sections. The results were 

limited to very fine materials which had to be well sorted. Grains which had their optic axis 

parallel to the microscope were excluded from the measurements but this did not seem to affect 

the results. It is interesting to note that the author of this thesis used the same approach to long 

axis and its significance in phi-size measurements of skeleton grains as Friedman (1958). For 

a more detailed explanation please see chapter 5.2. 

Plasmic Fabric 

The orientation of clay minerals has also been considered in the thin section studies. 

Lafcber (1967) attempted the quantification of 3-dimensional fabrics using a petrographic 

microscope with a rotating stage. The results were then graphically represented using equal 

area spherical projections. The method required multiple stage orientation positions, repeated 

orientation readings, and magnifications of up to 300 times. Even then the measurements of 

individual platelets are impossible and the procedure only works on domains of uniformly 

aligned platelets. 

The use of rose diagrams to show the plasmic fabric patterns has also been attempted. 

Hill (1970) used the 2-dimensional method to illustrate plasmic fabric in soils from Tobago. 

The study used magnifications of 200 times and used Brewer's (1964) soil classification 

system. The results showed that the 2-dimensional approach seems sufficient when plasmic 
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fabric classification is concerned (although the final conclusions were limited to the vo-insepic 

fabric found). In other words, when the 2- dimensional space of a thin section is concerned it 

is enough to limit the results to the same coordinate plane. 

Chiou et al. (1991) proposed a method for quantification of the so-called clay fabric. 

This is not the same as plasmic fabric but rather a form of microfabric. The fabric was analysed 

using TEM and point counting techniques. Each particles orientation value was measured 

directly and plotted on a histogram or a rose diagram. This approach only needs approximately 

300 grains to produce reliable results. 

2.2.3 Glacial Micromorphology 

Micromorphology of glacial sediments is a field of research developed on the 

foundations of soil micromorphology. It incorporates both quantitative and qualitative aspects 

of the micro level glacial sedimentology. By providing the very detailed view of the features 

found in glacial sediments and linking it to the ice physics, glacial processes and diagenesis 

it fits very closely under the umbrella of the glacio-sedimentological paradigm. The studies 

involving micromorphology show that no two sediments are exactly the same and therefore 

underscore the highly varied nature of glacial environments. 

Glacial micromorphology is generally thought of as a fairly broad subject incorporating 

SEM, TEM and thin section studies. The study of individual grains done using the SEM 

techniques attempt to derive glacial history of the sediment from the shape morphology of 

skeleton grains, or more specifically quartz grains. Although technically micromorphology, 

this type of research does not fit within the scope of the thesis. For more information on SEM 

studies please see Mahaney, (1995) and Whallcy (1996). 

Glacial Micromorphology Research 

The body of research incorporating thin section analysis of glacial sediments is now 

fairly extensive. There arc several sources which can provide an accurate listing of previously 

published papers. A good starting point is the work of van der Meer (1993,1996) which clearly 

presents the history and the progression of the development of this technique. The subsequent 

listing will concentrate on the most recent publications and their significant contributions. 

The most recent work in glacial micromorphology concentrates on the studies of 

subglacial sediments. Even more specifically the emphasis is on glacial diamictons and their 
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identification. The technique appears most suitable for the type of study in that it allows for 

a very careful analysis of the micromorphic features. These types of features are not visible to 

the naked eye but often vary between different diamictons - suggesting different depositional 

and postdepositional history of what would otherwise be considered visibly identical units. If 

there is a common thread in most of the present research then it is the need to establish the 

links between the various micromorphic features and the many types of depositional 

environments. Menzies (1998) proposed a classification system for microstructures commonly 

found in subglacial sediments. The classification initiated the process of matching subglacial 

processes with their microscopic evidence in order to identify sediments resulting from specific 

subglacial depositional conditions. The results seemed to indicate that no single microfeature 

can be used as diagnostic of a specific subglacial environment. Rather, it is a combination of 

presence and frequency of the various features which might be used in sediment classification. 

In an ironic twist, it is the diamictons which are now starting to show the most structural 

complexity of all the known types of glacial sediments. Diamictons used to be considered 

homogenous, massive and therefore not overly complex sediment type. Their appearance was -

generally - linked to subglacial conditions allowing for stratigraphic conclusions on the 

presence of ice sheet and, most commonly, deposition by lodgement or melt-out processes. The 

variety of microfeatures tends to indicate that the subglacial depositional processes are 

substantially more complex. The micromorphic evidence shows that the deformablc bed 

(deforming subglacial debris layer) conditions are far more prevalent than previously 

considered. 

The short listing below is meant as a general overview of some of the studies currently 

undertaken using thin sections. The listing shows only the most recent projects which 

concentrated on the study of sediments through glacial micromorphology. 

The deformablc bed conditions were found to be present in diamictons forming drumlin 

fields (Menzies et al., 1997) and Antarctic glacial sediments (Zaniewski, 1996; 1997). Hiemstra 

and van der Meer (1997) considered the mechanics of quartz grain crushing in subglacial 

sediments. More specifically the work attempted to link thin section evidence of crushed grains 

to the process of subglacial shearing commonly found in deformable beds. Hiemstra and 

Rijsdijk (in press) followed up with a laboratory study of microstructures in clays. The object 

of the study was to find out the effects of an increasing triaxial pressure on the microstructures 

of the clays. The results confirmed that skclsepic plasmic fabric can be the result of rotational 

movement of skeleton grains. Also, a combination of turbatcs and shear planes indicate plastic 

deformation. Van der Meer (1997) looked at the general sediment movement mechanics as 

evidenced by micromorphic rotational structures found in subglacial tills. 

The use of thin sections also plays a role in establishing the history of the Antarctic ice 
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sheets. Van der Meer et al. (1998) studied two samples from the Sinus Core diamict samples 

(Antarctica) and compared them to a larger set of thin sections in order to establish their 

sedimentary origin. The samples were found to be indicative of temperate glacial conditions 

and no diatoms were observed within the matrix, indicating a subaerial rather than glacimarine 

origin of the sediments. Thin sections studies have also been used to establish the presence of 

grounded ice basal tills within a sequence of glacimarine sediments off the coast of Antarctica. 

Cape Roberts Project-1 cores have been thin sectioned and studied by van der Meer and 

Hiemstra(1998). 

Similar work using deep sea cores was done by Carr (1999) in order to clarify the 

chronology of the glacial advance in the southern North Sea area. The results also showed the 

presence of grounded ice sediments intermixed with glacimarine sediments indicating a 

gradual advance culminating in completely grounded ice overriding marine sediments. 

2.2.4 Plasmic Fabrics arid Glacial Micromorphology 

Most of the work concerning plasmic fabric has been done by soil scientists and soil 

engineers. Those studies can often be applied to glacial micromorphology since their emphasis 

was often on the mechanics of plasmic fabric formation. 

Before any work regarding plasmic fabrics related to glacial micromorphology can 

begin it is necessary to consider plasmic fabrics as studied in soil science. Several systems of 

soil micromorphology classifications have been produced resulting in a variety of ways in 

which plasmic fabrics can be described or identified (Brewer, 1976; FitzPatrick, 1984; Bullock 

et al., 1985). Such a wide range of classifications can lead to confusion and descriptive 

ambiguity. For the purposes of the thesis it is therefore necessary that a new system of plasmic 

fabric identification be created. This may appear to be compounding the problem but the new 

classification is not meant to initiate a new set of rules and nomenclature for description of the 

plasmic fabric patterns but only to summarise, combine and whenever possible, clarify the 

existing systems. The terminology used within this work will stay true to the original soil 

science concepts whenever possible but glacial micromorphological nomenclature will be used 

to replace soils science terms if suchglaciological terminology does exist. 

As is the case for other microfeatures, previous studies had concentrated on qualitative 

aspects of plasmic fabric description limiting the quantitative aspects of research to shear 

mechanics and forces involved (Korina and Faustova, 1964; Wisniewski, 1965; Morgenstern 

and Tchalenko, 1967c; Tchalenko, 1968; Clark, 1970, Foster and De, 1971; Maltman, 1977, 
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1987, 1988; Tovey and Wong, 1980; Hiemstra and Rijsdijk, in press ). Subsequently there 
exists a large body of work coneerning all aspects of plasmic fabric recognition, morphology 
and interpretation (Dalrymple and Jim, 1984; Jim, 1990 ). Information gathered allowed for 
a compilation of a number of plasmic fabric classifications (Brewer, 1976; FitzPatrick, 1984; 
Bullock et al., 1985). 

2.3 Image Analysis 

Image analysis and image processing developed along with the growth of computer and 
television technologies. There are several accepted techniques of analysing digital imagery. 
These include now fairly outdated TV image analysis systems, Zeiss particle analyser, 
computer based image analysis software and a significant variant of the latter, the 
Geographical Information Systems software. These systems represent a gradual development 
of the concept of image analysis and show progressively more effective means of feature 
detection, measurement, data extraction and data presentation. The subsequent text is a general 
summary of the various approaches to image analysis. For a more detailed study of image 
analysis techniques the reader is directed to Jensen (1986) and Lillesand and Kiefer (1987). 

2.3.1 Computer Image Analysis Techniques 

TV Image Analysis Systems 

TV Image Analysis Systems (TVIAS) rely on a detector link between a TV monitor 
displaying the image, fed through a closed circuit camera or some other form of picture 
gathering, and the analysing computer. This type of system is best suited for measurement of 
features displaying high contrasts from the background such as pore spaces (Delgado and 
Dorronsoro, 1983). TVIAS were able to measure some rudimentary feature characteristics such 
as number, area or perimeter which could then be manipulated by the computer to provide 
some idea of shape characteristics. 

Quantimet Image Analysing Computer was one of the first practical applications of 
computer technology to image analysis (Jongerius et al. 1972). Quantimet -B equipment 
provided a mix of TV image technology and computer analysis. A detector unit was the link 
between the image and the computer. The detector was essentially scanning the monitor image 
and sending the relevant information to the analysing computer. The resolution used allowed 
for a 500 000 pixels per viewing area (Bullock and Thomasson, 1979). This is a significant 
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number since it exceeds the resolution of the standard 640by480 SVGA display mode available 
on most computers and digital video cameras. However, the latest technology allows for pixel 
numbers exceeding 1.3 million and it is this type of picture which was used in the thesis. 
Feature detection was based on the contrast between the object of interest and the background. 
The method allowed for detection and measurement of objects such as pore spaces but was 
limited to measuring their number, total area, perimeter and length allowing for a minimum 
of shape characteristic definition. Due to the limited amount of information provided it was 
necessary to devise mathematical methods of data analysis that would allow for a more 
complex means of interpretation and classification. Jongerius et al. (1972) devised a method 
of A/P ratios which rendered the results of Quantimet analysis far more useful than initially 
perceived. 

Bullock and Thomasson (1979) made a point of comparing the early Quantimet -B 
results to those obtainable through standard water retention techniques. The results were of 
course only applicable to the studies of pore spaces but the general advantages and 
disadvantages of the image analysis system arc worth quoting in order to get a better view how 
the situation has changed since. The main advantage of the Quantimet computer analysis lies 
with its quantitative approach. The standard qualitative studies can still be done using the thin 
sections available but it is now also possible to establish feature distribution patterns, type, 
shape, orientation and "irregularity" on an individual void basis - something almost impossible 
using the standard approach. The testing and data gathering take only minutes but provide a 
very large set of data. 

One of the disadvantages mentioned by Bullock and Thomasson was the 2-dimensional 
nature of the analysis - a highly limiting factor in volumetric studies. It would appear that the 
criticism levelled against the computer technology seemed rather misdirected in that the 
problem lies with the thin section techniques in general. Still, through the use of serial sections 
and inventive use of statistical formulae it is possible to minimize the negative impact of the 
2- dimensional studies. The second criticism of the technique also only applies to thin sections 
in that once created they preserve their features almost permanently without the possibility of 
modifications. This is significant when the conditions found in the sediment or soil change due 
to variance in moisture content, temperature or overburden pressures. 

Current image analysis technology often allows for a very high rate of sequential data 
being entered - resulting in a time series of images. The continuity of the images is of course 
limited but it is not limited to a single sample field. The last limitation, that of minimum 
feature size useful in image analysis can also be overcome only as far as the limitations placed 
on it by the thickness of the thin section. It is the thickness of the thin sections which decides 
the minimum useful object size. The resolution of the image and the magnification used can 
be modified so that if another method of sample preparation is available, such as ultrathin thin 
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sections (Bresson, 1981) then the minimum practical size decreases dramatically. 

Quantimet 720 imaging computer was a later model of the Quantimet-B. Jongerius 
(1973) indicates that the transition from Quantimet B to 720 occurred in 1971. It retained a 
similar combination of TV image and autodetection link. The system analysed the displayed 
image by dividing each of 720 horizontal scan lines into 920 pixels. Each pixel is assigned a 
value based on its gray scale intensity. This information is then fed by the detector into the 
analysing computer. Murphy et al.(1977) used this type of setup to derive orientation and 
shape characteristics of pore spaces in addition to their number, true sizes/area and perimeters. 
The derivation of the shape and orientation information was a major advance in the field of 
image analysis. Ringrose-Voase and Bullock (1984) applied the Quantimet 720 computer to 
automated pattern recognition of pore types. This work also produced an automated pattern 
recognition program which could be linked with the analysing computer. The technique was 
furthered by Ringrose-Voase (1987) who developed a more complete approach to quantitative 
descriptions of macrostructures. This work was also limited to void spaces and did not extend 
into other features. Although Quantimet 720 did not contain any capabilities for multispectral 
analysis Jongerius (1974) proposed a method for measurement of argillans and papules based 
on combining results of two separate tests - viewing the same sample field but using different 
illumination types. If not strictly multispectral analysis the method did use the central precept 
of that technique. 

Delgado and Dorronsoro (1983) introduced Zeiss Micro-Videomat system as another 
form of TVIAS. This system scanned entire 625 lines of a TV image using an 'electrical spot' 
detector (Delgado and Dorronsoro, 1983). The system was capable of direct measurement of 
the area, intercepts and the total number of features of interest. 

The main strength of TVIAS was its ability to analyse individual images in less than 
a second for Zeiss (Delgado and Dorronsoro, 1983) or a few minutes for Quantimet B (Bullock 
and Thomasson, 1979) while providing a substantial amount of accurate data. They also 
provided information on the shape and orientation of the features studied - in addition to size 
distribution and total content. 

Some of the weaknesses inherent in TVIAS included inability or difficulty of 
discriminating between features of similar optical properties such as cutans and plasma 
separations. Furthermore, problems of optical distortions, low resolutions or geometric 
distortions associated with some camera scanning technologies were also found - notably with 
the Micro-Videomat system (Delgado and Dorronsoro, 1983). Another type of error 
encountered resulted from the signal noise associated with diffused boundaries of some objects 
at low detection levels (Delgado and Dorronsoro, 1983). The 'halo' distortion could be 
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considered a more serious problem as only a few objects in nature consist of sharp boundaries. 
TVIAS systems using chord lengths and numbers were also restricted to being able to measure 
the size of objects no larger than 10 percent of the horizontal size of the monitor (Delgado and 
Dorronsoro, 1983). 

Image Analysis Software 

The main difference between the early TVIAS systems and a true image analysis 
program is the bonafide digital nature of the image being analysed. It allows the processor to 
manipulate the image prior to data collection. Some image processing, such as filtering or 
overlays, is only possible with the image analysis programs. Early image analysis computers 
such as Quantimet simply did not have such capabilities. 

Tovey et al. (1990) used image analysis techniques to measure microfabric orientation 
from SEM backscattered imagery. The method was further developed by Tovey and Dent 
(1997). Ehrlich et al. (1984) proposed a similar approach to the study of voids in rocks. In all 
cases there was a need to analyse and/or modify the source imagery. Each pixel in the source 
image had to be analysed as a member of its '•neighbourhood" and not just as a stand alone 
value. This can be performed through filtering "windows"or arrays, which scan each section 
of the source image and assign a new value to the output image. The value could be an 
average, minimum or maximum of its neighbourhood. This is only a simple example but many 
more sophisticated filtering techniques do exist. 

The intensity grading technique developed by Tovey et al. (1990) and Tovey and Dent, 
(1997) was a form of edge detecting filter commonly used in image enhancements. 

A more conventional application of image analysis techniques was presented by Ross 
and Ehrlich (1991) in the study of micro fabrics in sedimentary rocks. The images were 
obtained via a video camera mounted on a petrological microscope. The RGB (red, green, 
blue) colour images are sliced into three layers. Each layer consists of gray scale brightness 
values. These layers are then converted into a binary mask. The masks arc the result of a 
thresholding procedure which creates the binary picture of voids and matrix. Size, shape, 
connectivity of features, fracture toughness and clay microstructure can be evaluated. The 
complexity of the structure is measured using a normal 'opening' filter (a combination of 
erosion/dilation filter cycle). After every 'opening' cycle there is some loss of object pixels in 
the binary picture. The difference between the original and the product is measured and the 
procedure is then repeated with the product of the previous cycle becoming a new source 
image. This repeated manipulation of the image is only possible with the real image analysis 
programs. 
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A simple but effective example of the image analysis application was presented by 
Bhatia and Soliman (1991). The focus of the research was on the microfabric of granular soils 
and their geotechnical engineering properties. The system used simple gray-scale imagery of 
fairly low spectral resolution of only 64-gray level intensities (as opposed to the de facto 
standard of 256 levels). Object definition was achieved through the usual method of gray level 
segmentation. This automatically implied the need for high quality imagery - especially in 
terms of contrast. The method was able to measure directly orientation angles and size ratios 
using a system of vertical test line intersects and boolean (overlaying) image processing. 

Geographical Information Systems 

There are numerous examples of Geographical Information Systems programs. These 
programs tend to be very similar to the older image analysis applications but introduce several 
new aspects such as integrated database analysis and multispectral classification systems. The 
approach was developed due to a need to store, display, manipulate and analyse the numerous 
remotely sensed digital images currently available. 

Despite the apparent incompatibility of the small scale images for which the programs 
were designed and the large scale thin section imagery, the use of GIS applications carries a 
number of advantages for micromorphologists. FitzPatrick (1993) recognized the place of the 
GIS in the analysis of thin section imagery. It was the multispectral aspect of feature 
recognition which FitzPatrick found to be of most interest to micromorphologists. There are 
references to the use of multiple illumination sources throughout the text. 

Zaniewski (1994) and White and King (1997) working independently showed that the 
use of even a simple and inexpensive GIS program, like the IDRISI system developed at Clark 
University, could prove of high value to soil scientists. Zaniewski (1994) developed a routine 
for testing of several porosity characteristics through IDRISI. The testing showed that although 
not always accurate the program could perform a number of more or less complicated 
measurements. The findings were clearly supported by White and King (1997). This latter 
work compared a more expensive, and older, image analysis program to IDRISI and found that 
the GIS application was at least as good as the competition. The methodology used filters but 
did not incorporate the multispectral analysis. Rather a univariate approach was used with pore 
spaces being defined based on preset gray level threshold values. 

Interestingly enough apparently no attempt has been made to incorporate the object 
based imagery comprised of points, lines and polygons into micromorphological image 
analysis. This appears to be a significant omission as it is essentially the vector based aspect 
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of many GIS applications which makes them superior to the standard pixel-based programs. 

2.3.2 Image Analysis Applications in Sciences 

Image analysis has found an application in nearly every branch of science. The 

experience and techniques developed in those fields can, and should, be used in glacial 

micromorphology studies. The many research objectives described in the examples below can 

be used almost directly in the studies of glacial sediments. Bisdom et al.( 1990) stated the need 

to cross the interdisciplinary boundaries in order to exploit the advances made in other research 

areas. The statement applies not only to soil micromorphology but also to glacial 

micromorphology. Bisdom et al. (1990) indicated a wide range of sciences, from computer 

science to medicine, which could prove beneficial to the development of micromorphology. 

The thesis is an example of this interdisciplinary approach to solving the problems encountered 

in image analysis of glacial sediments. The primary contributor to the development of the 

methodology described is of course soil science. The three examples listed below also proved 

useful in developing the technique and were therefore deemed relevant enough to be described 

briefly. 

Structural Geology 

Bons and Jesscll (1996) argued that the use of image analysis routines could be of 

utmost usefulness in microstructural analysis. This work concentrated on the application of 

straight forward image analysis techniques on thin and polished sections. There was no attempt 

at multispectral classification. However, the work showed that the image analysis techniques 

could be used to extract information on many topics - amongst them: area estimates, 

orientations, fracture and porosity analysis. All of these topics are also discussed in the thesis 

as they appear rather fundamental to glacial micromorphology. 

Petrology 

Ehrlich et al. (1984) proposed the use of image analysis techniques in the study of 

reservoir pore complexes. This approach does not vary significantly from any of the soil pore 

studies. Some image manipulation techniques, such as "opening" filters, are discussed. This 

is a pure image analysis methodology but it is limited to the gray level detection technique. 
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The use of dyes is proposed in order to enhance the process of gray scale segmentation. The 

term 'Total Optical Porosity' is used to distinguish between 'true' porosity and the image 

analysis derived values. 

A slightly more complex process of image analysis in pctrological studies was 

proposed by MacDonald et al. (1985). This work emphasized the quantification of 3-

dimensional networks and did require specialized programming skills. The samples were 

acquired using impregnation with Wood's metal, followed by thin sectioning. The results were 

then photographed in order to produce a series of parallel orientated photomicrographs. These 

were subsequently digitally segmented (using thresholding techniques) into voids and solids. 

Goodchild and Fueten (1998) showed another example of image analysis application 

in petrology. Petrographic studies require fairly accurately defined mineral grain boundaries. 

Using rotating stage and multiple images of the same overall sample field it was possible to 

delineate individual mineral grains. The raw results were further improved by subsequent 

spatial filtering used to close and thin the grain boundaries. 

Geotechnical Engineering 

Bhatia and Soliman (1991) presented an example of an image analysis application in 

granular soils. More specifically the emphasis was on the engineering properties of the type 

of material. The objective was to measure orientation and porosity related characteristics. 

Through the use of simple gray level imagery they were able to extract orientation values, pore 

size distribution, porosity, void ratio, orientation intensity (uniformity or strength of fabric) and 

preferred orientation. Some of these values had to be derived from the raw data via simple 

boolean arithmetic and a few mathematical equations. The strength of the method was that it 

required very little in terms of equipment and time while providing relatively fast and accurate 

results. These were then also presented to show the method's effectiveness. The technique 

could, of course, be applied in other fields of study. 

2.4 Soil Micromorphology and Image Analysis 

The use of image analysis in soil micromorphology has now been considered for almost 

40 years. Jongerius (1974) in his review of the developments in soil micromorphometry refers 

to Jongerius (1963) work involving Zeiss Particle Analyser and Kubiëna (1967) work with 

structure photograms. Quantimet 720 image analysing computer was also mentioned. It is the 

micromorphometry of soils which stood to gain the most from the fast quantitative approach 
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provided by the image analysis techniques. It was also easily the most suitable sub-discipline 

of soil micromorphology to have used the early image analysis techniques. The applications 

of the simple early programs extended into measurements of areas, shapes and the frequency 

or perimeter of selected features. These subjects formed the core of the early quantitative 

attempts at soil classification. 

2.4.1 History of Image Analysis in Soil Micromorphology 

It was only recently that the study of thin sections using image analysis techniques 

received more serious consideration (Mermut and Norton, 1992; Terribile and FitzPatrick. 

1992). The use of image analysis became popularized during the late 70's and 80's. Protz et al. 

(1987) produced one of the early reviews of the progress in the field of soil research related 

to image analysis. The review proposed a system of interrelating work done at the various 

scales - ranging from satellite imagery to electron etching. The development of the approach 

closely correlated with the improvements in the computer technology. Initial work 

concentrated on simple analysis of TV signals and gray scale intensity images. The use of 

scanned micrographs also offered a means of image acquisition and analysis (Love and 

Derbyshire, 1985). In 1993. FitzPatrick suggested the use of GIS software and multi-

illumination techniques in soil micromorphology. At the same time the use of univariate black 

and white imagery was the norm. FitzPatrick (1993) observed that for any multi-feature studies 

the use of colour was absolutely necessary. Currently the work using image analysis techniques 

usually involves multilayer colour images, multispectral image classifications, thousands of 

levels of brightness intensity and highly sophisticated software capable of image enhancement, 

modification, as well as quantification (Terribile and FitzPatrick. 1992; Protz et al.. 1992; 

Tovcy et al., 1992b; Terribile et al., 1997; VandcnBygaart and Protz, 1997; VandcnBygaart 

et al., 1997). High resolution imagery is now also available and there is some evidence that it 

will further strengthen the argument for the use of image analysis in micromorphology (Acott 

etal. 1997). 

Image analysis allows for objective as well as subjective studies of images. Images can 

be analysed repeatedly. Measurements taken from digital images tend to be acquired faster and 

more accurately than any work done manually. Subjectivity of the measurements is minimized. 

In addition, multispectral image classification allows for a more efficient identification of 

features of interest, such as pore spaces, various minerals, illuvial clays or plasmic fabric. For 

a very good review of the history of the image analysis, and the development of feature 

recognition techniques in soils applications the reader is directed to read Terribile et al. (1997). 
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2.4.2 Applications of Image Analysis in Soil Science 

Jongerius et al. (1972) wrote one of the first papers to recognize the effectiveness of 
image analysis in the studies of pore spaces in soils. The results indicated that the Quantimet 
B computer was very effective at measuring total porosity as well as individual pore 
characteristics and their spatial distribution. 

Murphy et al , (1977a,b) also used Quantimet equipment in studies of voids. With the 
help of fluorescent dyes or high contrast photography it is possible to separate voids from 
translucent minerals such as quartz. The methodology described by Murphy et al. (1977a) 
differed from those previously used in being able to measure and graph orientation 
information. The orientation measurements, as well as some shape related characteristics, were 
derived from the data measured directly from the image. 

The work was furthered by Bullock and Thomasson (1979). The results of this effort 
generally show that there is a significant advantage in the use of image analysis. Although 
limited by the essentially 2-dimensional nature of thin sections the study found that the actual 
image analysis process was very rapid and provided information not usually available through 
standard techniques such as water retention. The size distribution and the shape related 
characteristics were the most significant examples of these. The image analysis part of the 
project was done using the Quantimet-B computer and was therefore limited to the gray level 
segmentation of voids. This process was aided by the use of a fluorescent dye. The areal results 
were statistically related to 3-dimensional data through methods devised and tested by Chayes 
(1956) and Anderson and Binnie (1961) but there was a need for the presumption of isotropic 
shapes (cf. Bullock and Thomasson, 1979). Another presumption, that of circular cross section, 
was needed to convert area information into diameter values. The paper clearly shows the 
usefulness of the method in spite of its limitations. In a related effort, Walker and Trudgill 
(1983) found the use of image analysis highly promising in the study of pore space geometry 
and connectivity. It was found however that the 2-dimensional image will tend to 
underestimate connectivity. 

Ismail (1975) produced the first major attempt at a complete feature characterization 
using image analysis techniques. Using Quantimet 720 image analysing computer Ismail 
analysed shape, size and pattern distribution of voids in soils. The method incorporated the use 
of thin section images. In an interesting modification of the pre-existing techniques Ismail used 
multiple exposures of the same thin section area to identify the voids. By using cross-polarized 
and plain light images together it was possible to separated translucent skeleton grains from 
voids. This is in essence a simple application of the multispectral classification principles. 

Ringrose-Voase (1990) also looked at the study of pores using image analysis. Here 
the effort concentrated on the use of chords (lines) to measure the size of individual pore 
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spaces and overall porosity. The size was indicated by the length of the chord/void 

intersection. Another approach to the image analysis of pores is the automated pattern 

recognition. Here a series of predefined shapes are compared to individual pore shapes found 

in the sample field and then assigned to one of a number of classes. The approach was used 

effectively by Ringrose-Voasc and Bullock (1984). However, some degree of limitation was 

acknowledged in that a continuous pore coverage is very likely to appear discrete in a 2-

dimensional thin section space. Ringrose-Voase and Bullock (1984) suggested the use of 

stereology to derive 3-dimcnsional data from thin sections. 

FitzPatrick (1993) proposed a multi-illumination technique of pore space detection 

which best fits the ideas presented in this thesis. While indicating that the best approach to this 

type of analysis is through GIS applications, FitzPatrick proposed the use of mica and gypsum 

plates together with cross-polarized light as a way of separating voids clearly. In addition, 

some image analysis tests were performed on images (gray scale) captured under plain, cross-

polarized, circularly polarized light and UV illumination. The images were then segmented 

into voids and solids, and the porosity values were measured. The results show that for most 

part the images were inaccurate when used to measure porosity. Only ultraviolet illumination 

was found to be effective. However, UV light is only effective at highlighting voids against 

solids and provides very little other information. In this it provides an excellent illumination 

source for a multispectral analysis. 

Finally, White and King (1997) used GIS application to study frost affected soils. The 

study concentrated on porosity data comparisons. The findings can be applied to any project 

involving analysis of porosity. 

Macroporosity was another aspect of soil micromorphology suitable for image analysis. 

Moran ct al. (1989a) proposed a less time consuming method of macroporc analysis. The 

technique involved an in-the-field impregnation using epoxy resin and an image analysis 

procedure. The use of a dye was necessary in order to enhance pore detection during gray scale 

segmentation. Filtering was also applied to the image prior to the data extraction. This idea was 

further developed through a statistical analysis and 3-dimcnsional interpretations (McBratney 

and Moran, 1990). The result was a much more complete picture of the macropore structure. 

Singh et al. (1991) showed an example of the image analysis application in porosity 

studies on pores larger than 1.6 mm in diameter. The method is a hybrid of the manual and 

automated techniques. The pores are first preserved using plaster of Paris. A series of 

photographs of hand drawn outlines of the pores are then taken. These are scanned and 

analysed using both AutoCAD and image analysers. 

Image analysis techniques involving multispectral classification, shape and orientation 
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of void spaces have also been devised and tested. VandenBygaart and Protz (1997) introduced 

the concept of the minimum representative elemental area (REA). The REA value is the 

minimum sample area which may be used in order for the results to be representative of the 

overall sample. The REA for soils of silty/loamy texture and when the resolution allows for 

a 12.5 urn pixels or smaller was set at 2 by 2.5 cm, with 4 by 5 cm sample fields providing a 

safety factor. These findings were then applied in a practical study of pores and porosity in 

tilled soils and found to be very effective (VandenBygaart et al., 1997). This was also one of 

the few examples of multispectral analysis using a specific type of multispectral classification 

algorithm (in this case K-means method). The results obtained included area, perimeter, 

orientation, equivalent pore diameter and a shape factor characteristic (circularity) for each 

void. Interestingly enough the orientation aspect of the study seemed to lack any preselection 

and all of the voids were analysed for their orientation. 

Studies of soil microfabric have also been performed using image analysis techniques. 

Initially photogrammetry was used to establish the orientation of individual particles (Tovey 

and Wong, 1974). A new and interesting approach was suggested by Tovey et al. (1990), 

Smart et al. (1991), Tovey (1991) and Tovey and Dent (1997). The idea was derived from the 

work of Unitt (1975). The Intensity Grading Technique (a sophisticated form of edge detection 

filter) used an image analysis program in conjunction with SEM imagery. The method is 

interesting in that the use of SEM on thin sections was rejected by FitzPatrick (1993) as the 

surface of the thin sections was too flat. The use of SEM had a twofold effect on the 

methodology: only gray scale images were available as a source and the texture of a thin 

section was the key to detecting the orientation of individual pixels. The method essentially 

looked at each pixel and assigned a directional value to each based on the brightness value of 

its neighbours. These values were then used to produce a rose diagram for each image studied. 

The main advantage lay in the fact that there was no need for a multispectral analysis or 

thresholding of each image. However the method can only be applied to SEM images of 

polished thin sections - no slip cover. It is also very limited in the scope of measurements it 

can obtain. It can only be used to measure orientations of solid objects such as skeleton grains. 

An indirect way of measuring argillan and cutan content was suggested by Jongerius 

(1974). The work involved Quantimet 720 analysis of two images showing the same area but 

illuminated in two different ways. The resulting visual differences were then interpreted to 

produce the argillan content. 

The idea of calcium carbonate quantification through image analysis was explored by 

Mermut and Dasog (1986). Size, shape, distribution and orientation of carbonate glaebules was 

measured from thin sections. The results included the systematic drawings representing the 

location and distribution of the carbonate nodules. This approach to calcium carbonate 
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detection and measurement was further developed by Bui and Mermut (1989). Using staining 
techniques it proved possible to detect the presence and to quantify the amounts of carbonates 
in thin sections. The method used a fairly simple technique of gray scale segmentation to 
produce a binary map of carbonate content. The analysis was performed on the binary mask. 
Although limited in scope at the time, today the same technique could be used much more 
effectively. The combination of colour imagery, differential staining and multispectral 
classification techniques should be quite effective at distinguishing not just between carbonates 
and non-carbonates but also between the various types of carbonate material, as was suggested 
by Bui and Mermut (1989). 

Plasmic Fabric Applications 

Some work on image analysis of plasmic fabrics had already been done - using SEM 
imagery (Toveyetal., 1992a). standard video camera equipment (Love and Derbyshire, 1985; 
Dorronsoro, 1994) and a photometer (Greene-Kelly and Mackney, 1970). Because of the often 
differing emphasis in the research some of this work can not be applied directly to glacial 
sediments studies. The use of SEM as the main source of digital images (Tovcy et al.. 1992a) 
meant that the classification performed could only use gray scale intensity values from a single 
image. This is quite acceptable when the features of interest, such as clays, can be easily 
distinguished from the background. The emphasis on measurement of orientation based on 
individual clay particles also necessitated the use of high magnification and therefore 
minimized the area actually analysed. This is not acceptable when working with plasmic fabric 
patterns. For example, although a large magnification study could allow for an accurate 
measurement of the basic orientation direction of the clay particles, it would be useless as a 
tool for a larger scale preferred orientation measurement and pattern recognition. At high 
magnification it would be quite possible to see strong fabric without being able to see if it is 
related to any other feature, such as skeleton grains or pore spaces. Due to this limitation the 
importance of plasmic fabric strength could be misinterpreted. The identification of additional 
features of sediments must therefore be undertaken at some point in the analysis, be it image 
analysis or conventional visual examinations. In quantitative studies using image analysis 
techniques this may be impossible with the use of a single gray scale source image 
(FitzPatrick, 1993). The reason for it lies in the fact that in a single image any number of 
different features may appear to be identical when displayed in gray scale. For example, some 
quartz minerals and void spaces can appear indistinguishable when viewed under crossed 
nicols until the stage is rotated (FitzPatrick, 1993). This necessitates the use of multiple images 
in thin section image analysis. FitzPatrick (1993) indicated that there was some success in 

40 



multispectral image analysis of plasmic fabrics. However, no references were provided. There 
was also an emphasis on the use of circularly polarized light as the source of illumination in 
the studies of plasmic fabric. 

Dorronsorro's (1994) use of graphic design software for measuring purposes appears 
fairly accurate but slow. Features which could not be differentiated digitally were quantified 
using measuring grids. The use of multiple images and image classification could make the 
results much more reliable and likely faster. 

The rapid developments in the field of image analysis carried with them many new 
problems and methodological complications. The issues of magnification, resolution, image 
capture, enhancement, measurements add more variables into the study of voids and soil 
porosity. For a careful review of the possible complications and a few words of caution the 
reader is directed towards Thompson et al. (1992). Nearly all of the issues discussed in that 
paper had to be considered in this thesis and many of the suggested solutions were 
incorporated into the individual methodology chapters. The issues raised by Thompson et al. 
(1992) continue to remains relevant today. 

2.5 Glacial Micromorphology Quantitative Studies 

2.5.1 History of Image Analysis Related Quantitative Studies 

There are very few examples of image analysis related work in glacial sediments in 
general ( Dowdeswell, 1982; Smart et al., 1991; Zaniewski, 1994; Hiemstra et al., in press). 
Not surprisingly most of the quantitative approach concentrated on the SEM based studies of 
glacial sediments. A large portion of this work focussed on textural studies and, more 
specifically, SEM derived quartz grain related investigations. 

2.5.2 Techniques 

The image analysis methodology as applied in SEM studies differs from the digital 
image analysis described earlier. In its developmental origin the SEM related research 
techniques closely parallel the use of multispectral analysis techniques in soil 
micromorphology and glacial micromorphology. As shown in the introduction it should not 
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be discounted since it does concern the analysis of images and introduces a number of 

quantitative techniques into what was previously a very qualitative study. The use of 

stereoscopy in SEM studies was derived from the techniques developed for aerial 

photogrammetry while the methodology described in this thesis was based on techniques first 

applied to satellite imagery. 

The field of SEM related research has been in development for many years. However, 

the image analysis techniques as described earlier have only been introduced recently. 

Whalley( 1978) provides a review of the early SEM techniques. The review includes some of 

the earlier references to computerisation. This is not surprising since equations used to measure 

features in SEM imagery (stereology based calculations) are naturally suited towards 

computerization. Tovey (1978) called for the use of automation in SEM stereoscopic studies 

in order to speed up the calculations and suggested the possible application of computer data 

processing. Dowdeswell (1982) showed the practical applications of Fourier shape analysis 

techniques on micrographs of quartz grains. Although no digital imagery was used, the method 

certainly fits the criteria of image analysis and quantification since the data analysed had to be 

digitized from the photomicrographs. 

2.5.3 Applications of Image Analysis in Glacial Studies 

As mentioned above, Dowdeswell (1982) showed one of the earlier applications of 

loosely defined image analysis. The SEM data used had to be digitized and analysed 

mathematically before any conclusions were made. The technique attempted to quantify shape 

characteristics of quartz grains using Fourier shape analysis. This is a complicated, calculation 

intensive technique, not made any easier when the shapes analysed show high shape 

complexity. The use of computer technology allowed for a more complete approach in that the 

use of a larger number of samples was possible. However, only a small number of samples was 

used - severely limiting the final conclusions (Dowdeswell, 1982). The results did show that 

there were significant differences between subaerial and subglacial quartz grains. Caution was 

advised when comparing results from texturally different samples. Secondly, before 

interpreting results from other, perhaps more similar environments, the author suggested that 

more research was necessary. 

In an attempt to show the feasibility of image analysis in glacial sedimentary studies, 

Zaniewski (1994) proposed a practical application of IDRISI GIS to pore studies. The thesis 

showed that even a very simple program can be used to analyse thin section imagery. Although 
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lacking specialized tools, IDR1SI proved capable of measuring shape characteristics, gathering 

size frequency data and, to a small degree, orientation information. The results confirmed the 

soundness of the concept and provided a solid springboard for this thesis. 

2.5.4 Plasmic Fabric Studies Using Image Analysis/Quantitative Approach in Glacial 

Micromorphology 

Previous work on the subject of plasmic fabric analysis provided some solutions to the 

problem of quantification (Morgenstern and Tchalcnko, 1967a,b). However, this type of work 

was often limited to the creation of mathematical formulae and theories of formation and 

mechanics (Tchalenko, 1968; Feeser, 1988). Feeser (1988) did attempt to make the connection 

between clay fracturing patterns and glacial processes involved. The study was based on 

measurements of actual fracture and clast fabrics in glacially tectonized clays. 

Several known plasmic fabric classifications exist as part of a larger system of soil 

micromorphology classifications (Brewer, 1976; FitzPatrick, 1984; Bullock et al., 1985) (see 

section 3.3). Due to the lack of a glacial micromorphology classification system, it is necessary 

to base this thesis, at least partially, on the soil science principles of description and 

identification. 

2.6 Conclusions 

Experience has shown that the use of image analysis has a wide scope of applications. 

The advantages listed earlier make this approach to quantification and morphometry a very 

accurate and efficient approach. Once the limitations of the technique are established and in 

some way dealt with it maybe quite reasonable to expect the results to be comprehensive and 

reproducible. One of the main problems with any qualitative smdy or description is the lack 

of uniformity between results obtained by different observers. Such a lack of consistency 

severely limits any attempt at classification or generalisation. The image analysis techniques 

will hopefully allow for an improvement in this respect. 

Although in itself a complicated and often finicky process, image analysis quickly 

found its way into the mainstream of scientific research. The similarity between soil 

micromorphology and glacial micromorphology allows us to believe that the application of the 

same principles, as is already the case with most of the terminology, will allow us to deal with 

glacial sediment thin sections in the very same way it is done with soil thin section. It would 
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allow us to gain from the body of research already completed and well tested. The use of GIS 
techniques such as multispectral classification can be used to further the cause of image 
analysis but has up to now been treated only rarely. It is one of the objectives of this thesis to 
test the use of this type of classification on thin sections. 

The main objective is to create a method of quantification of plasmic fabric. The 
literature research shows that techniques used to quantify plasmic fabrics are rare and in many 
cases not suitable for use in image analysis. As such the approach proposed in this thesis is 
very novel and may suffer from some teething problems. This is further compounded by the 
problems of nomenclature and classification which permeate the field in respect to plasmic 
fabrics. The issue of plasmic fabric classification warrants its own chapter and will be 
discussed separately. It is the hope of the author that most of the problems encountered will 
be either solved or identified as future development issues. 
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