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5. IMAGE ANALYSIS 

Following the conclusion of the classification process the actual job of image analysis 

can commence. The data available at this point is still fairly raw and requires some 

modification prior to a more detailed analysis. The modifications may include some 

corrections of the classification errors. In addition, some housekeeping tasks must be 

performed before any further processing can take place. A quick summary of the post-

classification tasks, which may have to be undertaken, will be described in the first part of this 

chapter. Since those tasks may differ in detail between various specific analysis sub-routines, 

the section will only briefly describe the general methodology. Subsequent sections of this 

chapter will delve deeper into the actual image analysis operations and will concentrate on the 

details of the individual tasks. The methodology chapter should contain a complete set of 

descriptions and explanations of sub-routines necessary to complete plasmic fabric image 

analysis. 

5.1 Post-Classification Processing 

As a result of the classification routine the data provided in the source imagery was 

converted to a spatially defined group of features in each coverage. However, this information 

may not be entirely correct and may require changes. Some of these changes may be performed 

immediately, based on the previous knowledge, and should be completed right after the 

conclusion of the classification routine. It is more appropriate to make such changes while 

paying attention to the individual topics of analysis. For this reason the details of the 

classification correction will be explained within subsequent sections of this chapter. 

Also, any mask creation routines, raster to vector conversions and attribute 

measurements which may be completed from the raw classified coverage would generally be 

done at this stage. However, the attribute extraction procedures should only be performed for 

those image analysis sub-routines which do not demand refined classification results. 

This set of initial processing sub-routines should allow for an orderly flow of the entire 

methodology. Any additional processing of the classified image should be performed at the 

time when the need for such a modification is confirmed. However, to better explain the need 

for these tasks, their theory and methodology, each process will be explained in a greater detail 

in the later sections. 
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5.2 Grain Size Analysis 

There are several reasons why grain size analysis is included in this thesis. The 

information, if displayed in the form of a cumulative curve can be used to describe the general 

textural content and maturity of the material shown. In addition, once the size of each of the 

skeleton grains found is measured it becomes a selectable attribute. This in turn means that 

skeleton grains may be selected and analysed based on their size. If no plasmic fabric is 

detected, this textural information can be used to differentiate between the asepic plasmic 

fabrics. The ability to divide skeleton grains into size classes may also prove useful when 

shape characteristics and orientation information arc extracted. The ability to exclude certain 

size fractions of skeleton grains is invaluable since only the larger grains may be analysed for 

shape and orientation characteristics. 

The objective of the grain size analysis is to describe each sample field analysed in 

terms of general textural units. In this thesis, the major textural groups will be: plasma/matrix, 

silt-sized, sand-sized and gravel-sized material. The results will be displayed in form of 

percentiles representing spatial, 2-dimensional, areal frequency of occurrence. 

5.2. J Grain Size Analysis Fundamentals 

There are several ways of measuring the size of individual skeleton grains. The concept 

of measuring volumes of individual grains will not be discussed here as its application extends 

into the realms of 3-dimensional space. By its very nature, thin section studies are, for the most 

part, limited to 2-dimensions. Grain size distribution information can also be gathered through. 

but is not limited to, settling velocity experiments and sieving. Mechanical means of grain size 

analysis necessitate the use of loose sample material. Since these methods tend to be accurate 

and standardized it may be necessary to collect such loose samples - either into a sample bag 

or as a loose block - in addition to Kubiëna tins. The loose sample has the added advantage of 

being available for testing of other sedimentary characteristics such as clay mineralogy or 

organic content while blocky samples can be used in porosity measurements. 

However, the availability of such sample material can not be presumed. A very good 

example of such situation may be where thin section samples come from cores. In most cases 

such samples can not be disturbed or sediment sample may not even be available in the 

minimum volume required. It may be necessary to perform grain size analysis using the thin 

sections available and the information will therefore be fairly limited. 
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The most obvious limitation of thin section information is its 2-dimensional nature. 

Thin section thickness usually limits the third dimension to approximately between 20-30 

microns (20 urn in this thesis). It does not however eliminate the depth information altogether. 

It is therefore necessary to incorporate this aspect of thin section information into the analysis. 

There is a need for establishing some ground rules prior to extraction of information 

with regards to grain size analysis: 

It is necessary to point out that any results gathered through this method can only be 

considered as accurate for the spatial extent of individual thin sections. The information should 

not be used to draw any conclusion as to the actual grain size analysis of the material studied. 

The sample itself is too small to accurately reflect the general state of the sediment studied. 

This is especially true for glacial sediments which often exhibit a high degree of microfeaturc 

heterogeneity. The significance of the result with regards to the entire sample may be enhanced 

by an increase in the number of sample fields tested. 

The information gathered in this way can be treated as an accurate reflection of the 

texture observed in the thin section. It is essentially the same information as can be acquired 

via visual microscopic analysis of the thin section. However, the image analysis method 

provides a much more objective data set. For example, when a plasmic fabric is described as 

silasepic, it is the subjective decision of the observer that the plasma material seen contains a 

majority of silt sized material. The same conclusion can be derived objectively through the use 

of digital image analysis and can be accurately reproduced. 

The smallest individual grain size observed in thin sections can not be stated 

specifically. It is important to note that the delimiting factor is not the magnification or the 

resolution of the video camera but rather the thickness of the thin section. For a translucent 

object to be seen under a microscope (in a thin section) the light must be able to traverse its 

thickness. Opaque material such as an irregular mass of very finely ground plasma can mask 

the individual translucent skeleton grains. Although it is difficult to be specific as to the 

strength of this masking effect, it can be said that even a very thin cover of plasma will result 

in a marked decrease in mineral visibility. It should therefore be perhaps presumed that any 

individual skeleton grain observed will have one of its dimensions exceed the above mentioned 

thin section thickness of 20 microns. The reverse is true for the truly opaque skeleton grains. 

Their thickness is nearly impossible to estimate since even a very thinly cut mineral of this 

type would block the light completely. This means that the conclusions as to the size of such 

mineral grains can be based on 2-dimensional analysis only. 

Brewer (1976) refers to plasma as any material finer than 2 um in diameter. This is an 

ideal definition since colloidal material of this size is too fine to be observed on individual 

basis in thin sections. A more practical definition of plasma (matrix) refers to it as any material 
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thinner than the thickness of the thin section (van der Meer, 1993). Using this definition 

anything smaller than 20 um in diameter must therefore be treated as plasma - regardless of 

its actual composition. As calibrated for the magnifications used in this thesis (1 OX objective) 

plasma translates to material smaller than one pixel in diameter for Brewer's definition, or 4 

pixels for van der Meers . Obviously one pixel is the smallest screen unit of area. Any object 

of this size is of little value to the analysis as it might represent nothing more than a quarter 

of the thickness of the thin section at any given location and therefore be an average of the 

overall appearance. Since only objects thicker than 20 urn have a chance of being observed as 

individual units (not mixed with other material) it was decided that any skeleton grain 

identified as such during the classification stage would then be treated as plasma unless its 

diameter exceeded 20 urn (silt or sand). Subsequently, silt is defined as "skeleton'* grains of 

maximum diameter between 20 and 63 urn. Although Bullock et al.. (1985) lists 50 urn as the 

boundary between silt and fine sand, the 60 urn critical value is also acknowledged. In this 

thesis anything above 63 urn will be considered as sand. The 63 um diameter value for sand 

is based on the Udden-Wentworth Grade Scale (After Pettijohn. Potter and Siever, 1973). 

The categorization of texture in terms of pixels will, of course, depend on the 

magnification and the resolution of the digital image. The size of each pixel must therefore be 

established prior to any application of image analysis. 

For the purposes of the grain size definition in image analysis it should also be stated 

that the grain size analysis results are relative to the thin section only. If so, it may be possible 

to state that the skeleton grain 2-dimcnsional definitions should be treated as if they represent 

the maximum projection area for each skeleton grain. In this case the measurement of the 

longest chord through this maximum projection area provides the diameter information. This 

method was also used by Friedman (1958) in one of the earliest attempts at texture 

measurements from thin sections. The longest diameter values were converted into phi classes 

and could then be plotted using size distribution curves. Friedman also used the "frequency by 

number" approach rather than cumulative area or volume. This is understandable considering 

the difficulty of measuring area or volume to obtain representative fractions. This thesis will 

use the combination of phi-size classes and cumulative area derived frequency values. An 

alternative way of obtaining diameter data was suggested by Bullock and Thomasson (1979) 

through conversion of the area to diameter but only when a circular cross-section can be 

presumed. 

Some silt-sized material can be expected to be found in most thin section samples. 

When described it is generally treated as representing the matrix and not the skeleton grains. 

This thesis deviates from this de facto convention only as far as calculations of the texture 

information are concerned. The silt-sized material will initially, and only then, be treated as 
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proxy skeleton grains - regardless of their diameter. This is necessary in order to differentiate 

between silt- and clay-sized material. However, once this part of the methodology is 

completed, any identifiable skeleton grains smaller than 20 urn and their associated attributes 

will be combined with the clay-sized material and treated as plasma. 

5.2.2 Image Preparation 

The objective of this part of the methodology is to create an accurate map of all the 

skeleton grains with an emphasis on an accurate re-creation of their areal extents and the 

preservation of their general shape. The result should be a simple binary '"skeleton" map. 

The first step of this subroutine involves making modifications to the previously 

classified images. This is an important step in 

the entire methodology as it allows us to fully 

define the skeleton grains. The need for the 

modification of the original exists for a couple 

of reasons. When classifying the image it was 

more accurate to divide the pixels into a 

number of classes of minerals. The objects 

classified in this manner often varied in colour 

only and actually represented the same type of 

mineral (Plate 5.1). This could be the result of 

varying thickness of the thin section, a slight 

internal chemical/crystal variation of the 

mineral itself or the orientation of its optical 
Plate 5.1. Image shows the results of a classification „„• « n . . * *i i ±. • *.•« 

r i , . . , ; . , • axis. Whatever the case may be it is still routine performed on a sample image taken from thin J 

section Mi.626. White areas represent voids, dark important to identify as one all of the pixels 
gray indicates plasma and the remaining shades of b e l o n g i n g t 0 a s i n e l c s k e I e t o n grain. The 
gray show amorphous mineral grains, other opaque 
material, and the various types of crystalline mineral second reason for modification exists because 
grains. This is an uncorrected image. j t j s vitally important to identify skeleton grains 

consisting of a high variety of different 

mineralogies. Sedimentary, igneous and 

metamorphic rocks all exhibit this characteristic. To the computer these rocks appear to be no 

more than a set of smaller tightly packed minerals. As such they could be measured 
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individually without regard to their actual 

combined size. This would no doubt affect any 

1^ subsequent measurements based on skeleton 

grains. 

It is therefore necessary to find a way 

of differentiating between closely packed, 

individual, skeleton grains and individual 

consolidated groups of mineral grains. 

Although the use of automated means is 

< « possible (described below), the often 

subjective nature of this type of work requires 

a more flexible approach. 
TV. f *• 

Plate 5.2. Vector file showing skeleton grains. Black 

zones indicate "holes" or "islands" (Mi.626). Another important issue to consider 

here is the concept of "hole filling". When 

working with raw classified images it is not 

unusual to find some classes of material being completely surrounded by others. In matrix 

supported rock types or sediments it is the plasma which completely envelopes the individual 

skeleton grains. When a similar situation occurs within individual skeleton grains the final 

classification of the "holes'' or "islands" is left up to the user (Plate. 5.2). The complications 

in question relate back to the issue raised earlier. A small hole in a skeleton grain may 

inadvertently be measured and added to the final results of the texture analysis. 

In this study the author believes in minimizing the number of holes in the skeleton 

grains. Even if the classification routine results in such features, they may be treated as noise. 

Certainly, any solid material found within the limits of a larger skeleton grain should be treated 

as an integral part of the grain. Any small body of soft sediment found under similar 

circumstances must also be considered as noise. Such classification may be the result of 

thinness of the skeleton grain (plasma shows through translucent material) or the shape of the 

grain (plasma accumulates within a crack or fold of a skeleton grain). If these "islands"were 

to be identified as separate material then any subsequent shape/size analysis would result in 

a high degree of confusion, distortion and ultimately spurious conclusions. 

A related issue involves the so-called "illegal" objects. Any feature located at the edge 

of the image must be considered incomplete in that its outline may extend beyond the 

boundaries of the said image. In such a case any measurements of the illegal object will not 

reflect its true condition. The potential for an estimate distortion grows with an increase in the 

overall size of the feature(s). Diagram 5.1 shows this situation and the potential effects on the 

final results. The complicating factor in this otherwise straight forward problem lies in the fact 
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Diagram 5.1. This simplified example attempts to show the effects of "illegal objects " on the size distribution 
curves. The top diagram shows a stylised thin section. The two squares in the middle indicate two separate image 
sample fields to be analysed for size distribution patterns. The four smaller squares below represent the selected 
sample field areas and their respective cumulative area curves (2- dimensional equivalent of cumulative weight 
ratios). Black shapes represent the illegal objects. For both sample fields the pattern of distribution appears 
to be distorted - showing increase in the importance of the smaller diameters. 

that the smaller features are more likely to be contained entirely within the picture. The 
relationship between size of a feature and its chance for being selected as legal are inversely 
proportional. Consequently a decision must be made as to what is more accurate - texture 
analysis with illegal objects included or without them. For this thesis it was concluded that the 
lesser of the two evils is to exclude the illegal objects. Without them the larger skeleton grain 
fraction maybe under represented but maintaining illegal objects actually results in an inherent 
decrease in the large grain fraction while at the same time increasing the frequency of the 
smaller fraction. The relationship is better explained in Diagram 5.1. 

The correction of the initial classification procedure may also be undertaken at this 
point. Although the previously described changes may be treated as corrections they do amount 
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to only superficial changes. The rectification may require a more fundamental change in the 

original classification image. The decision regarding these corrections should be based on the 

prior knowledge - not unlike the previously mentioned steps. An example of such a correction 

could be the replacement of an artificial ghost stone image with pixels representing skeleton. 

Such a ghost stone would no doubt be listed as a void but an experienced researcher may be 

able to recognize the pattern 

associated with this situation and to 
3 have it rectified. Obviously such 
5 5 . 5 5 4 5 5 5 J 

* *_*[s corrections may only be performed 
4 > 4 "n,"''J ' 4 ' 4 ~ j ~ 4 

3 4 5 5 4 4 5 5 on limited bases and not every 

incorrectly labelled pixel can be 

adjusted. Time constraints must be 

•«.«»< taken into considerat ion. However , 

t ime permitt ing, such corrections 

should be performed to further 

improve the quality of the data. 

4 5 5 5 4 

I 1 
4 

Diagram 5.2. a) Simple schematic showing the process of class 
values reassignment. This is a fully automated process requiring 
only minimal user input. Any changes requested are made to all 
the pixels containing the selected value, h) The last stage, binary 
conversion, may he performed in order to create a binair mask. 

In general there are a number 

of ways of making editing changes to 

the classified images. There are two 

approaches significantly logical and 

efficient to be described. Other 

means althougheffective may prove 

tediously slow and do not necessarily result in more accurate results. It is possible to make 

quick and, more or less, automatic changes to the classified images through some form of 

automatic replacement routine. Using such a routine it is possible to change pixel values for 

any one class to a new class value. These are wholesale changes and any modifications made 

are applied to all the pixels in the image (Diag 5.2a). Although a mask can be applied to limit 

the changes to just specific areas of an image it is often not an option - especially in cases 

where no accurate mask exists. The approach can be quite effective when no complications, 

such as artificial ghost stones or porous lithorelics, are encountered. For a mask to be 

completed it is also necessary to convert an 8-bit image into a binary image by simply 

changing all non-zero values to 1 (Diag. 5.2b). This last step must be performed to complete 

the map of skeleton grains. 

An alternate approach is through a generic interactive pixel "painting" module where 

the changes to the original classified image are performed by hand. The image is displayed on 

the screen allowing for manipulation of objects as small as individual pixels. More often than 
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not the changes are performed on 
groups of pixels allowing for a 
slightly faster completion. The 
biggest advantage of this method is 
the additional degree of control 
exercised by the researcher. The 
changes can, for example, be limited 
to just one area requiring correction 
and not the entire image (Diag. 5.3). 
Once the corrections are completed 
the image should be converted to a 
binary mask file. Plate 5.3 shows an 
example of a fully corrected 
classified image. 

5.2.3 Vector Data Preparation 

Diagram 5.3. A simplified diagram showing the process of 
manual class reassignment. This is a more interactive version of 
the automatic reclassification process. Any changes requested 
are made only to those pixels selected by the user. Additional 
pixels may also be selected and changed as is necessary. Note 
that following the second manual correction three new cells were 
added to the original set. 

Plate 5.3. Corrected classified image (Mi. 626). 

At this stage it becomes 
necessary to make further changes to 
the binary map of the skeleton 
grains. Although it is often possible 
to make changes to display, and 
extract data from raster based images 
in many pixel based image analysis 
programs, the true strength of the 
image analysis software comes from 
the application of object oriented 
vector files. Each raster file contains 
information regarding individual 
pixels - their location and the value 
they contain. This is not at all well 
suited towards more complex forms 
of digital analysis or data extraction. 
In contrast, each vector file contains 
a much broader selection of 
information. In addition, this 
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IDS 2 
AREA = I 
ILLEGAL = 0 
ISLAND = 1 

ID- 3 
AREA = 3 
ILLEGAL = I 
ISLAND - 0 

I !)•--• 7 
AREA 3 
ILLEGAI 0 
ISLAND-!) 

II> 4 
AREA - 1 
ILLEGAL =0 
ISLAND- I 

to» i information is often contained in an 
AREA = 20 

ILLEGAL-o easy to manipulate and modify 
ISLAND 0 H r „ : . 

database format. Each object (such as 

individual skeleton grains) is treated 

as an individual and is therefore 

described separately from the others. 

Information regarding the location of 

object and its boundaries is provided 

in addition to more complex 

characteristics (Diag. 5.4). A simple 

conversion from a raster file to a 

vector file automatically results in 

some calculations of some such 

characteristics. It may be necessary 

to verify the integrity of the new 

vector file and correct any obvious 

translation mistakes. The topology 

(relationship between vector objects 

in a coverage) of each vector file is a 

complicated relationship and should 

best be corrected using automated 

means. The errors corrected so are 

usually very small but significant 

enough to create problems during 

data extraction. Additional information regarding each of the polygons can be calculated using 

other modules. The strength of an image analysis program can be gauged by the variety of 

options available. In this thesis the emphasis is on polygon objects and so it is their 

characteristics which play the major role in data extraction. The basic information for each 

polygon should include its area, "A" axis length, roughness of the boundary, internal islands, 

shape characteristics and the "illegal object" flag. At this point in the methodology, it is the 

area of each grain and its longest dimension which are of utmost interest. If there are any 

islands contained in the original binary raster file (black holes contained within a unit of white 

pixels) these would be transferred to the vector file. These islands would be marked as being 

contained within a larger polygon. Similarly, each of the grain polygons would also contain 

information regarding the number of islands it contained. The information could then be used 

to eliminate islands from future calculations. Islands related information is acquired and stored 

during the raster-to-vector conversion. It should be noted that the units used to measure the 

ID-- 5 
IDS 6 AREA 2 
,\R}.-,\ 3 ILLEGAI. 0 
ILLEGAL - 1 ISLAND-0 

ISLAND = 0 

Diagram 5.4. Sample vector file attributes. Each polygon is 
described in terms of Id number (unique for each polygon), area 
(value measured and shown in specified units), illegal object flag 
(1= illegal object. 0=legal object), and island flag (I—island 
polygon. ö=non-island polygon). The type and number of 
attributes attached and measured changes from application to 
application but generally contains a core of constant values. 
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polygons are based on the original 

raster file units as calibrated durins 

%/ | *%"T y \ • the sample preparation routines prior 

« n • j \- . , ^ u - ^ s to classification. The scale of the 

[«( j ^ o /» / \ \ 5* image should also be preserved 

during the conversion. 

This part of the routine results 

in a new vector file showing all of 

the objects contained in the original 

binary map of the skeleton grains 

(Plate 5.4). This is accompanied by a 

set of attributes describing each of 

the objects (Table 5.1). 

Plate 5.4. Vector file showing the skeleton grain outlines in 
sample Mi. 626. 

Rras 

— 
Hoil.Kil.l-, 

1.93399965 
3.33333326 

3.39989927 
3.33333927 
3.99993927 
3.99999927 
3.99999927 
3.99399927 
3.39999927 
3.99993928 
3.99339928 
3.99399928 
3.93399928 
3.33339928 
3.99399928 
3.99993928 
3.99333328 
3.39333928 
3.33333328 
3.39999928 

3.99399923 
3.39993923 
3.99333923 
3.39333923 

* 6.828425*7 
7.33333756 

7.33333756 
7.33333756 
7.33999757 
7.99399757 
7.99933757 
7.33933757 
7.99333757 
7.33333757 
7.33333757 
7.33399757 
7.93999758 
7.93999758 
7.93933758 
7.33333758 
7.33999758 
7.33339758 
7.93999758 
7.33333758 
7.39333758 
7.33339758 
7.99999758 
7.33339758 
7.93333758 

5.2.4 Grain Size Based Polygon 

Selection 

Once the new vector file is 

created and the necessary attributes 

acquired it becomes possible to 

identify and separate grains of 

:£SSSS interest. The selection can be based 
322.33333333 0.66666667 

187.50000000 W . ~ . , ., M l 
406.50000000 412.50000000 o n a n y o t t h e a t t r i b u t e s d e s c r i b e d o r 
163.50000000 408.50000000 

£ 3 2 S - S 2 2 S o n a c o m b i n a t i o n o f t w o o r m o r e 
3O1.5O0O0O0O 406.50000000 . . . . . 

™ - ? ^ ^ Ï^^ÜÜÜÜS a t t r i b u t e s . A n d s o i t i s p o s s i b l e t o 

s e l e c t a n d d i s p l a y o n l y t h e i s l a n d 

ïffliwooëöoö p o l y g o n s . I t i s a l s o p o s s i b l e t o 
154.50000000 532.50000000 
101.50000000 Ï30.50000000 
331.50000000 328.50000000 
113.50OOO00O 327.50000000 

222.50000000 353.50000.»». 
255.50000000 350.50000000 
284.50000000 346.50000000 

64.50000000 S38.5O0O0OOO 

d i s p l a y i s l a n d s w h i c h h a v e a n a r e a 
113.50000000 3Z/.5UOOOOOO , . -> , , . . 

321.50000000 larger than 16 unr . The object or 

this part of the thesis is to allow for 

140.50000000 31S.50WM1HI 
155.50000000 313.50000000 
427.50000000 305.50000000 

33.50000000 277.50000000 , . . . . . . , . . 
277.50000000 s e l e c t i o n o t t h e s i l t a n d s a n d s i z e d 
273.50000000 

s k e l e t o n g r a i n s . I n p r a c t i c e t h i s 

m e a n s d i v i d i n g t h e s k e l e t o n v e c t o r 

file i n t o t w o n e w files. T h e d e c i s i o n 

s h o u l d b e b a s e d o n t h e c r i t i c a l v a l u e 

Table 5.1. Sample image ofa file attributes table for a vectorfile. ... . 
This set of values is an extracted portion of a larger group of values. t l l e i n t 0 t w o n e w t l l e s - ' h e decision 

103 

http://Hoil.Kil.l


( hord I S.4I7 en Chord \ S. 105 i ( hord B 6 538 cm 

of "maximum dimension" (longest 

chord) = 63 um (Diag. 5.5). Any 

polygon contained in the vector map 

of the skeleton grains which had its 

maximum dimension larger than 63 

urn would be selected for the "sand" 

vector map. Any polygons containing 

values of less than 63 um would be 

classified as silt. 

Any island polygons are removed 

from the process by only selecting 

those polygons with "Island" markers 

set to null (indicating "not island") . 

Using the so called "query" 

files it is possible to quickly and 

simply automate this part of the 

Diagram 5.5. Schematic diagram showing the concept of chord p rocedure . The query f i l e essent ia l ly 
distances. A series of'straight lines are drawn through each , , x, . . . . . . . 
polygon and their lengths are compared with each other. c h e c k S t l l C 0 n 8 i n a l V e C t 0 r f l , e S 

Through this application it is possible to identify the longest a t t r ibute tables and selects the 
chord which can then he labelled as an "A" axis value in any „ „ i « , „ „ L • i. r.. .1 
, . , , , . , . polygons which tit the preset criteria. 
future applications. •* ° r 

Different vector files can be analysed 

using the same query file any number of times. The query files are generally simple to create 

ASCII (simple DOS character) files which can be modified virtually without limits. 

The process should be concluded with the creation of a new vector file out of an 

existing one based on some preset criteria. In this case the criteria are taken from the various 

query files designed earlier. When completed, this part of the methodology should produce two 

files describing all silt and sand sized skeleton grains (Plate 5.5). 
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sized materia 

It is also important to note 

that following the conclusion of the 

grain size analysis the silt vector file 

should be further reduced to only 

those skeleton grains which are larger 

than 20 um in diameter - dissolving 

the remaining polygons and joining 
Two vector files showing polygons representing silt them with the "plasma'Vector file. 
tal (left) and sand sized material (right) (Mi. 626). 
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5.2.5 Textural Content Calculations 

The conclusion to this section of the procedure can be achieved in two ways. Both sand 

and silt files should be analysed individually to calculate the percentage of the total area 

covered by both types of textures. For the analysis of the asepic plasmic fabric it is the silt 

sized material information which is more crucial since the content of silt-sized material as 

compared to clay-sized (plasma) defines the difference between argill- and silascpic plasmic 

fabric. However, both percentage values should be calculated for future reference. The 

percentage value can be gained by dividing the total area covered by all the polygons in each 

of the vector files by the total area of the sample field. The information regarding the total area 

for each file can be gained through the use of attribute files. The area information should be 

contained in one of the attribute tables already created. Size data can be summarized for all of 

the polygons using a statistics package following data exportation into a spreadsheet or a 

database program. Once the sum of all areas is known it can be simply divided by the total area 

of the sample field. 

Based on the information available from the sample image used in this section the 

results indicate that the sample contained approximately 1.58 % of silt sized material. Plasma 

material finer than silt (proxy clay-sized) occupied approximately 39.9 % of the sample field. 

The plasma information comes directly from the original classification report file. The initial 

general observations of the sample image presented here indicated no presence of plasmic 

fabric domains. The asepic plasmic fabric can then be further classified as argillasepic. 

5.3 Plasmic Fabric Strength Measurements 

The approach to quantifying the strength of plasmic fabric undertaken in this thesis 

concentrates on the visual aspects of plasmic fabric. Plasmic fabric, as seen with the naked eye 

appears to have a fairly distinct, if broad, visual definition. When viewed between cross-

polarizers domains of uniformly oriented anisotropic clay particles tend to show as a distinct 

pattern of interference colours. In general these colours tend to range between yellow, gold and 

orange. This is in distinct contrast to the unoriented plasma or oriented isotropic clay minerals. 

These tend to appear dark brown to black. Digital imagery used to show this type of material 

uses light intensity values to represent the colours as scanned during image capturing. These 

intensity values are stored as basic raster images representing red, green and blue wavelengths 

of the visible light. The key to fabric strength measurements rests in the ability to separate 

those areas of the image showing anisotropism from those which do not. Once identified, the 
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combination of the values contained in the three colour bands may then be used to measure 

specific "strength" characteristics of the anisotropism. 

5.3.1 Plasmic Fabric Strength Definition 

The idea of quantitative plasmic fabric strength evaluation stems from the longstanding 

tradition of referring to plasmic fabric patterns as ranging from weak to very strong. These 

qualitative evaluation methods appear sufficient for most general studies of thin sections. They 

are however highly subjective. 

Consistency may be achieved by an individual thin section interpreter based on 

experience and familiarization with plasmic fabrics. The expertise may even be transferred 

between researchers working in direct contact. Because of the subjective nature of this 

evaluation method it is not very likely that individual research workers, studying different 

sample groups, will arrive at the same estimate standards of strong or weak plasmic fabrics. 

For example, strong plasmic fabric as observed in sediments rich in carbonates may not be 

nearly as impressive when viewed in the context of samples containing mostly anisotropic clay 

minerals. At the same time it may actually reflect a much higher uniformity of basic orientation 

of plasmic materials. 

Some of the other factors which may have to be considered when detecting and 

measuring the strength of the plasmic fabrics include magnification, thickness of the thin 

section, illumination intensity, texture, mineralogy and birefringence masking. Some of these 

factors relate directly to the individual thin section material and can not be controlled. Texture, 

anisotropic clay mineral content or carbonate content can not be controlled but do have an 

effect on the plasmic fabric appearance. The effect of these factors on the birefringence should 

be considered during the interpretation stages. The remaining factors can and should be 

controlled to minimize variance and allow for more accurate comparisons. The thin section 

thickness should be set to approximately 20 urn (as is the case in this thesis) otherwise the 

effects of the increase or decrease must be accounted for in the final results. Similarly, the use 

of similar magnifications must be considered. This may affect the shape definition of each 

plasma domain more than its basic orientation uniformity but the variable should also be made 

fairly constant or at least clearly indicated. Illumination is also of vital importance as brighter 

settings tend to produce stronger appearing plasmic fabrics. This is a difficult issue to resolve 

since it is rather hard to set a uniform value to light intensity. It may not, however, be 

necessary to be exact. If the guidelines for classification image acquisition arc followed 

(section 4.1.2) a degree of uniformity can be achieved. The criteria may not be final but the 

minimum standards specified will allow for comparisons between different research setups. 
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The aim of this section is to create an objective method of measuring plasmic fabric 

strength. This aim does not, however, imply that image analysis can solve the problems created 

by masking or differential clay content. The relationships between plasmic fabric strength and 

the factors mentioned previously are of such high degree of complexity that any attempt at 

complete quantification would be well beyond the scope of this thesis. Since the interaction 

of masking agents and clay mineralogies is closely intertwined it would not be enough to 

simply restrict such studies to one type of clay mineral (ex. kaolinite (Morgenstern and 

Tchalenko, 1967; Clark, 1970; Foster and De, 1971;Tovey and Wong, 1980)) or one type of 

masking agent. The combined effect would have to be considered and its quantitative effect 

on the plasmic fabric would have to be measured and stated for a wide range of variable 

values. Research would be much better served by a series of independent projects, the results 

of which could then be combined. There is, however, at least one major stumbling block before 

any such work can proceed. Specifically, it is the way in which the visible aspect of plasmic 

fabric can be measured. It is here that the use of image analysis provides its greatest advantage 

- and other complications. 

As mentioned earlier in the image acquisition section of the thesis (4.1.2) there is the 

additional problem derived from the technological imperfections of the apparatus used in 

picture creation. Live video cameras, photographic cameras, scanners, film, print paper, 

microscope lenses all introduce a degree of variance. Even if the equipment used is of the same 

brand and quality, the age difference may affect its performance. No two image acquisition 

setups are identical. Therefore a degree of variance of results may be expected between 

different hardware configuration. It may however be possible to minimize the variance by 

eliminating some of the intermediate stages of image acquisition. For example, using a live 

video link avoids the general variability inherent in photographic camera lenses, lighting 

conditions, film quality, print quality, and finally, scanner quality. The distortions are 

minimized to those of the charge coupled device used to scan the source (thin section) and 

possible lense flaws of the microscope itself. The CCD devices may be considered fairly 

consistent - within the same brand of video camera - while any lens flaws not already observed 

and corrected will probably not be of any significance in the scanning process. The final 

variable of concern is the lighting of the thin section. Any variance in the brightness of the 

light will result in the plasmic fabric strength measurements being different for the same 

domain. Frequently the quality of the light bulb (or its age) means that the brightness of the 

illumination can be observed changing constantly. Although not a big concern in visual 

descriptions and interpretations of thin sections, where data consistency is vital every attempt 

must be made to stabilize the lighting conditions. 
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The standard technique of thin section analysis involves initial visual description of the 

various features and structures that can be observed with the naked eye as aided by the 

microscope. This by its very nature restricts the data to the visual aspect. No information can 

be garnered unless it can be seen, or indirectly suggested, by visible evidence. The use of 

cross-polarized and gypsum wedge imagery is seen as an additional help in distinguishing 

certain other aspects of the sediments studies - such as plasmic fabric. It is therefore the visible 

plasmic fabric and its pattern which are then described and interpreted. However, both the 

strength of the plasmic fabric and the pattern may be poorly defined making accurate 

classification difficult. It is also possible to find that some fabrics are not easy to classify and 

ambiguous results are possible. The process may be aided by the use of computer imagery. 

This is not to say that the digital image makes visual interpretation unnecessary or inferior. In 

fact, without sufficient high degree of spatial and spectral resolution it may actually be more 

productive to evaluate thin sections visually. Image analysis can be useful in cross-matching 

the cross-polarized, gypsum wedge, and plain light views to create an accurate picture of 

feature distribution in each thin section image. It may also be used to quantify the strength of 

plasmic fabric for each of the pixels contained in the image. This translates to approximately 

262 244 bits of information for an average 512 by 512 sized image. 

Only with a single means of quantifying plasmic fabric, as observed in thin sections, 

will it be possible to compare plasmic fabrics from different samples and locations. In this 

project the emphasis is strictly on creating such a means and applying it to anisotropic plasmic 

fabric only. The method uses simple calculations performed on digital images containing 

plasmic fabric related information. This is a way of evaluating the strength of anisotropism. 

For several reasons it is still a very rudimentary method. It should not be used to compare 

values between different thin sections unless utmost care is taken in minimizing variance in 

microscope settings such as illumination strength, gypsum wedge thickness or cross-polarized 

light bundle orientation. As stated earlier, this is not at all difficult to achieve for individual 

microscope users but may be more difficult if the results are gathered by a number of different 

image capturing setups. 

Plasmic fabric strength as measured in this project should be seen as a product of two 

variables: visible anisotropism intensity and uniformity. These two values should be 

calculated for each plasmic fabric domain. Their combination can then be used to produce a 

single indicator value for each domain. 

The degree of overall anisotropism will also be measured and reported as a percent of 

the overall area occupied by the plasma separations. The results could be improved with the 

use of circularly polarized light whenever possible since it is the only form of illumination 

108 



capable of presenting complete 

anisotropism regardless of stage 

orientation (FitzPatrick, 1993). This 

issue will be discussed later in the 

Future Developments (chapter 7). 

Plasmic fabric domain as 

defined in the subsequent method 

refers to a set of contiguous rasters 

representing anisotropic plasma. 

Contiguous rasters are any two or 

more rasters in direct contact with 

each other. For this methodology 

direct contact means "side by side" 

rather than "corner to corner" (Diag. 

Diagram 5.6. Domain decision rule. Pixels of uniform shade 5.6). The best way to explain the 

belong to the same domain. Corner to corner contact squares are choice of contact rule would be by 
not considered adjacent. 

stating that: any two pixels in contact 

via "comer to corner" option are 

more likely to represent two 

individual domains in contact rather 

than two parts of the same domain. 

Any single pixels representing 

plasma separations are considered to 

be individual domains. 

X(, 

BIV 

Diagram 5.7. Birefringence Index Value. Empty pixels represent 
areas containing no plasmic fabric. 

Birefringence Intensity Value 

Birefringence Intensity Value 

(BIV) is a very simple product of 

addition of two digital slices - Cross-

polarized red and green images (XR 

and XG). (Diag. 5.7) From practical 

observations of images containing 

plasmic fabrics it was found that the 

effect of the blue spectral band on the 
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colour/intensity of the interference colours was of no visual significance. Colour plate 15 
shows an example of plasmic fabric as seen between cross-polarizers. One side shows a 
complete 3 layered image (RGB values are all correctly represented) while the other shows 
only 2 layers (Blue layer values have been reset to 0). The omission of the blue layer values 
appears to have no negative effect on the appearance of the plasmic fabric. It does in fact 
eliminate some of the ambiguity resulting from unrelated materials visible in the sample. 
Elimination of either green or red layer values (setting cell values to 0) results in occasional 
disappearance of plasma domains. Therefore it is the red and green layer values which are of 
most importance in defining the brightness and hue of plasmic fabric. Investigation of the 
individual pixel values for anisotropic and isotropic plasma appears to confirm these initial 
findings. This is not surprising considering that the colour yellow is a product of two primary 
colours - red and green. The intensity of plasmic fabric yellow/gold colour is therefore linked 
to the values contained within the red and green layers of the cross-polarized imagery. 
FitzPatrick (1993) also indicates that based on presence and the amount of iron the interference 
colours could range from gray to white and yellow to red. If such conditions are found the two 
preselected bands will also be found to be appropriate since all of those colours are effectively 
represented by the mix of the two colour bands selected. 

Theoretically values for BIV can range from 0 to 510 (0,255 x 2). It is therefore 
necessary to change the file format 
from 8-bit images to 16-bit images 
when calculating BIV. When 
measuring BIV it is necessary to 
concentrate only on areas belonging 
to plasma. This requires the use of a 
plasma mask derived from 
classification. The result is a 
combination of the XR and XG files 
where values range from 0 to 510. 
Those pixels containing 0 values do 
not belong to plasma or occasionally 
(nearly impossible) show particularly 
opaque zones of plasma. For the 
remainder of the image the values 
contained in each pixel reflect the 
degree of birefringence - which 
forms the source of raw data for the 
subsequent plasmic fabric strength 

Plate 5.6. BIV image fur a section of the Mi.631 sample. Gray 
scale display is necessaty to allow for a degree of contrast 
required to display a 16-bit image. Values in the image vary from 
0 in the black to 510 in the white zones. Each value reflects the 
degree of basic orientation strength. 
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analysis (Plate 5.6). 

It was found that the critical BI value dividing isotropic from anisotropic plasma falls 
approximately around 250. This is a conservative observed value and as such is highly 
subjective. The low number should be considered since it is better to err on the side of caution 
and include domains of no birefringence/low birefringence rather then have them entirely 
excluded. It may be necessary to change the boundary value in the future if a more accurate 
set of criteria can be devised. For the purpose of this thesis however, the critical value is found 
to be sufficient and will be used in future analysis. 

Birefringence Uniformity Measurement 

The second aspect of plasmic fabric strength has to be the uniformity of appearance. 
This is referring to the homogeneity of appearance of individual plasma domains. The 
foundation of the method described here rests on the fact that the plasmic fabric domains 
appear stronger if there is little variance within them. This is of secondary importance to the 
actual average brightness of the individual domains. The homogeneity of each domain must 
therefore be directly tied to the BIV values as described earlier. 

Coefficient of Variation is a basic statistical method of measuring homogeneity. The 
value is reflected as a percentage. Its magnitude is inversely related to the degree of 
homogeneity. 

CV = ( i ) * 100 % 
X 

where s is the standard deviation and x is the mean of the sample tested. The resulting % value 
can be derived straight from the information provided from BIV calculations. The value has 
an added benefit of being unit independent and therefore easily and directly comparable to any 
other CV value calculated. 

The mean value can be derived for each domain by simply including data from every 
pixel contained in such a domain (Diag. 5.8). Similarly, statistical analysis of the same data 
should result in the standard deviation value. Coefficient of Variation value by itself is not 
sufficient to express the degree of strength of plasmic fabric and should be incorporated into 
a new unit which would reflect both the mean and the standard deviation. However, it is more 
than sufficient to express the uniformity of each domain tested. 
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Plasmic Fabric Strength 

Plasmic Fabric Strength value can be 

expressed as: 

PFS = BIV * Homogeneity 
Vector B IV 

where BIV is a mean value, for each domain, as 
derived from data contained in the BIV file. 
Homogeneity is expressed as a percentage and is 
the same as Coefficient of Variability. It can then 
also be expressed as: 

PFS = B/V(250-510) * CV(0-100) 

where the values in the brackets represent the range of possible values. The range for BIV is 
based on the critical BIV value of 250 which separated anisotropic plasma from isotropic 
plasma. Since PFS values are meant for plasma separations only, there is a need for exclusion 
of isotropic plasma. Although values for isotropic plasma can be measured using the same 
technique, the results should be considered as meaningless since any BIV value below 250 
tends to be too dark to represent anisotropic domains. It is important to remember that even 
though isotropic plasma appears very dark, and often black, it is highly unlikely to be 
represented in the XR and X(1 layers as 0. In practice these values are often found in ranges of 
100 to 300. 

Since the relationship between PFS and CV values is inverse it is therefore necessary 

to modify the equation so as to make the relationship direct: 

PFS = BIV * — 
CV 

To finalize the equation it is necessary to consider the possibility of CV value being 
equal to zero. Although unlikely for any large domains it does occur very often for small ones, 
as any single raster domain must have a perfect homogeneity. One way to avoid the problem 

I, 
Diagram 5.8. The Birefringence Intensity Value 
for each domain is defined by the mean BIV value 
of its component pixels. 
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Diagram 5.9. The chart shows the difference in PFS values as a result of equation modifications. Note 
that the unmodified PFS line and the PFS(a) line effectively overlap showing the effectiveness of the 
modification. 

would be by excluding any single celled domains. This is not advisable in a situation where 

a possibility of moscpic or insepic plasmic fabrics exists. Insepic plasmic fabric in particular 

must be thought of as a scatter of very small individual domains. The removal of single pixel 

domains from the calculations could result in a significant misidcntification of the plasmic 

fabric pattern by underestimating the frequency of the small domains. 

At the same time the inclusion of CV values equal to zero would result in PFS values 

being undefined. The following modification avoids the problem: 

PFS = BIV * (—!—) 
cv - \' 

The increase in the Coefficient of Variability by addition of one has a twofold effect 

on the equation. The most obvious one is the elimination of the possibility of undefined PFS 

values associated with standard deviation values equal to 0. The increase in the magnitude of 

the denominator of the homogeneity side of the equation obviously decreases the potential PFS 

value. However, since the decrease affects all of the domains to be evaluated it essentially 

results in an overall downward shift of the PFS values as compared to unmodified PFS values 

(Diag. 5.9) without in any way affecting their relationship to the BIV and homogeneity. The 

shift could be decreased by lowering the adjustment value from 1 to smaller fraction (such as 

0.01 as shown in Diag. 5.9). However, the use of 1 has an additional advantage. When the 

uniformity of a domain is measured to be 0 % (perfect homogeneity) then the value of the PFS 

will be calculated to be exactly the same as its mean Bl value - restating mathematically that 

there is no negative effect on the plasmic fabric strength when its appearance is perfectly 

smooth. 

113 



Ü 40(1 

un 3 0 0 

— 

- PES Value 

B1V 

- St. Deviation 

. .r... _,.. 

7 
/ 

_ _ _ _ / 

1 2 .? 4 6 7 X 9 10 11 12 I.? 14 15 16 17 IS 19 20 21 

Domain Number 
Diagram 5.10. The curves show the relationship between BIV, standard deviation and the PFS 
value calculated. 

5.3.2 Plasmic Fabric Strength Display 

The resulting range of possible PFS values starts at minimum of 6.10 (BIV=250, 

s=100) and can reach the maximum of 510 (BIV = 5 1 0 , s=0). An example of just such a 

distribution can be seen in diagram 5.10. The data in the plot was modified by addition of one 

minimum value point and one maximum value point to indicate the maximum possible extent 

of the line. The remaining values arc however true examples of measured PFS values for a 

sample image obtained from thin section Mi.631. One note of caution is necessary here. A 

corrected version of the strength distribution data may be necessary since all of the single pixel 

domains will automatically reach the maximum PFS value. They will therefore tend to skew 

the plasmic fabric strength results. More specifically, plasmic fabric types exhibiting large 

numbers of small domains (insepic) will tend to show very high overall plasmic fabric 

strength. This is so because the average value calculated would be based on a large number of 

maximum PFS readings where any other plasmic fabric pattern consisting of a few large 

domains would suffer from a lack of single pixel domains. The anomaly can and should be 

accounted for when calculating overall average plasmic fabric strength value for each image. 

The results of this methodology will include the "corrected PFS" values. 

An example of the calculations can be seen in Table 5.2. The results are best calculated 

and displayed in a spreadsheet form - necessitating the process of data exportation. Using 

spreadsheets it is possible to further manipulate the data and to display the results in other 

forms or relationships. Diagram 5.10 shows the relationship between the mean BI values, 
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standard deviations and the PFS values for the domains shown 

in Table 5.2. 

Other relationships between PFS and plasma domains 

will be presented in the next set of sections as the plasmic 

fabric image analysis extends into other domain 

characteristics. 

The results of this part of the methodology can be used 

in conjunction with other measurements to better define the 

state of plasmic fabric in an image. On their own they provide 

a unique mathematical signature for each image tested. The 

results can be used to compare plasmic fabric magnitude 

distribution between different images, thin sections, Kubiëna 

samples, stratigraphic layers or localities. It is, of course, 

necessary to consider the size of the sample to be used, but 

provided a significant number of images can be collected it 

may be possible to apply the results to some larger scale 

studies. It is important to reiterate the fact that the strength of 

plasmic fabric as measured using the method described does 

not account for any of the complicating factors described in the introduction. It merely gives 

a representative value of the plasmic fabric strength as observed. It is, however, the first step 

on the way to a better understanding of plasmic fabric strength as indicative of sedimentary 

genesis conditions within a variety of environments. 

Mean 
i 

250 
358 
357 
364 
353 
349 
338 
340 
385 
374 
335 
352 
351 
376 
354 
334 
339 
361 
338 
410 
510 

S.D. 

100 
51 
37 
48 
37 
29 
23 
25 
50 
20 
32 
43 
40 
28 
17 
17 
35 
18 
36 
0 
0 

CV PFS 

40.000 6.10 
14.246 23.48 
10.364 | 31.41 
13.187 j 25.66 
10.482 1 30.74 
8.309 ! 37.49 
6.805 43.31 
7.353 140.70 
12.987 | 27.53 
5.348 ! 58.92 
9.552 31.75 
12.216] 26.63 
11.396 | 28.32 
7.447 j 44.51 
4.802 1 61.01 
5.090 | 54.85 
10.324 | 29.94 
4.986 ! 60.31 
10.651 29.01 
0.000 1410.00 
0.000 510.00 

Table 5.2. Sample of Plasmic 
Fabric Strength calculations. 
Based on an extracted section of an 
image taken from thin section 
Mi.63I 

In practice the brightness and colour of the interference colours are only partially due 

to the uniformity of basic orientation. There are many complicating factors which must be 

considered when analysing plasmic fabrics. The first issue to be considered is the overall 

texture of the material studied. Sediments containing fewer clay minerals will naturally be less 

inclined to show strong plasmic fabric. The mineralogy of the clay also plays a role. Not all 

clay minerals arc optically anisotropic (for example allophane). Their uniform basic orientation 

would not show up in the form of plasma separations. Other factors, such as birefringence 

masking, also play a major role in plasmic fabric recognition. Carbonates, organic materials, 

oxides and hydroxides of iron, aluminum or manganese will all act as masking agents. 

Masking typically means dispersing and overpowering of interference colours resulting from 

cross-polarized illumination of uniformly oriented anisotropic clay minerals. If sufficient 

amounts of masking agents exist within the samples studied there may not be any visible 
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evidence of plasmic fabrics while the actual structure of the plasma may still be uniformly 

oriented. These complicating factors essentially mean that any analysis of visible plasmic 

fabric may not completely reflect the true degree of basic plasma orientation. 

5.4 Domain Size Analysis 

The ability to mathematically describe "attributes" of objects is one of the fundamental 

strengths of image analysis. Such descriptions can be performed repeatedly and cover all of 

the features observed in the image. This could of course be also done using other, non-digital, 

methods but computers allow for the process to be much more efficient. In this case, efficiency 

refers not just to the speed and accuracy of the measurements but above all to a high degree 

of selectivity allowed. Through attribute manipulation it is possible to select only those objects 

which fit within a more or less narrowly defined set of specifications. This selection could be 

based on type, size, colour characteristics, brightness, shape, user preference or their 

combination. The degree of flexibility allows for the analysis to be performed on all of the 

features in an image, be limited to just a few, or even to consider a single object. The size of 

the features is in fact one of the fundamental attributes with which objects are selected for 

further analysis. As an example, when studying soil characteristics related to water drainage 

or availability of water to plants, only a subset of voids may be analysed as some of the 

smallest pore spaces play little or no role in these processes. 

5.4.1 Domain Size Discussion 

There arc several reasons for identifying the size of individual domains. Selection of 

objects allows for exclusion of features which are of no interest to the project or are to be 

analysed later or for different characteristics. In case of plasmic fabric analysis it may not 

always be necessary to use all of the previously identified domains. Although the classification 

routine may detect hundreds or even thousands of individual domains of plasmic fabric, only 

a few warrant shape analysis. The selection of the acceptable subset is based predominantly 

on size. 

Ringrose-Voase and Bullock (1984) proposed that a 50 pixel minimum should be set 

for any objects which were to be analysed for shape characteristics. The same authors treated 

features smaller than 10 pixels in size as "noise'" (Plate 5.7). Their work concerned pore spaces 

and their shapes, and unlike plasmic fabric domains, features smaller than 10 pixels could be 
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Plate 5.7. The image shows the difference between "noise" 
(black), "intermediate " (dark gray) and "shape significant" I light 
gray) features - as defined in Ringrose- Voase and Bullock (1984). 
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Diagram 5.11. The diagram illustrates the effectiveness of an increasing 
image resolution on shape approximation, a) is the original smooth oval 
shape. This "real" image is rendered to bitmap using h) 7x7, c) 14x14 
and cl) 2Hx2H pixel resolution. The differences in the appearance of the 
bitmap shape clearly illustrate the problem of pixelation and the 
relationship with the image resolution value. 

dismissed without a significant effect 

on the overall results. 

This can not be done with 

plasmic fabric domains. Even the 

smallest of the domains are of 

significance. Certain types of plasmic 

fabrics, such as insepic, essentially 

consist of a large number of evenly 

distributed, equant in shape, small 

domains. If the smallest pixel size is 

2 urn in size then the 10 pixel 

minimum set by Ringrose-Voase and 

Bullock would reject domains 

ranging in size of up to 40 um2 as 

noise. Similarly, objects smaller than 

50 pixels in size would include 

anything up to 200 um2. Obviously, 

at lower magnifications the size of 

the "insignificant" features would 

further increase (at 5 um per pixel 

this would result in the noise being 

approximately 250 um2 in area - as is 

the case in the example shown in 

Plate 5.7). 

R i n g r o s e - V o a s e and 

Bullock's main concern appeared to 

be the reliability of the shape related 

measurements with respect to the 

pixelation effect. This is a valid 

concern for any image analysis 

routine. The argument centres around 

the fact that any real "analog" shape 

found in nature can only be 

approximated in a raster based image 

(Diag. 5.11). Whenever a digital 

raster image is acquired the features 

shape and b o u n d a r i e s are 
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approximated resulting in distortion. The only way to make things more accurate, without any 

change to the scale, is to increase the resolution (number of pixels per image) of the scanning 

device (Diag. 5.11). By increasing the magnification, and focussing on a smaller area, it is 

possible to increase the quality of shape definition by making the objects studied larger 

allowing for more pixels. This solution comes at a cost of loss of area of sample field. When 

studying thin sections of glacial sediments it is the relationship between the various 

components of each thin section which is of greatest value and therefore the required 

magnifications tend to be small (2X, 60X). With higher magnifications the area studied tends 

to decrease in size to the point of looking at individual features and losing the overall idea of 

their interrelation. 

Subsequently, there is little point in trying to decrease the size of individual pixels. As 

it stands right now, the smallest pixel size used in this project (2 urn) and the largest picture 

size (556x465) at the best possible resolution(640x480) produce a sample field area of only 

approximately 1 mm2. The resolution and the picture size mean that the individual noise 

specks, as defined by Ringrosc-Voase and Bullock (1984), represent 0.004 % of the total 

sample field, as opposed to the original study's 0.002 %. The second number is based on the 

500000 pixel resolution of the Quantimct image analysis system used in the earlier work. 

Similarly, 50 pixel bodies originally represented approximately 0.01 % of the image area each. 

In this study the corresponding value increases to 0.02 %. 

In every classified image, individual domains number in the thousands. Domains 

smaller than 50 pixel very often form more than 50% of all the domains. In this situation, 

restricting useful information to just those domains larger than 50 pixels would result in an 

excessive loss of data. Without ready means of increasing the resolution of the scanning 

camera we arc forced to accept the information as provided by the digitization process. 

Taking into consideration the nature of the information available, the next step is to 

redefine the definition of noise and the minimum size of the objects suitable for shape analysis. 

The objective is to create criteria which will allow for the maximum use of the information 

provided while taking full account of the possible shape distortions and the specific 

characteristics of plasmic fabrics. 

The concept of noise should be entirely reconsidered when looking at plasmic fabric 

domains. Even the smallest of the domains, those 2 urn in diameter, are important. Their shape 

should not be considered since all the single pixels are square and may in reality represent any 

shape as long as the size of the original domain was enough to predominate within the pixel 

area. At the same time, the size distribution curve must include pixels of this size. Any study 

of the overall spatial distribution of the domains must also consider this information. Some 

forms of plasmic fabric, such as insepic, essentially consist of tiny, equant zones of basic 
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plasma orientation. By dismissing domains smaller than 2 urn in diameter it is likely that these 

types of fabrics would be severely under represented in future studies. This means that 

there is a need for the selection of domains suitable for shape analysis while all of the domains 

must be analysed when looking at overall frequency of occurrence of plasmic fabric domains 

and their patterns. 

Despite the fact that the 50 pixel limit set by Ringrose-Voase and Bullock (1984) may 

have a more limiting effect on the number of domains selected than it does in the studies of 

voids, it should nevertheless be upheld. The 50 pixel minimum was selected based on a 

reasonable estimate of the number of rasters necessary to accurately represent various shape 

classes. However, the study of macro pores concentrated on comparing shapes found within 

a field of view to those defined earlier in order to identify the pores as belonging to a specific 

class of voids. This required a high degree of accuracy in shape recognition. If the sole purpose 

of the shape measurements is to differentiate between elongated and cquant domains then there 

is simply no need for a high degree of accuracy. If other shape characteristics are needed then 

there may be a need to limit the shape analysis aspect of the procedure to only those domains 

consisting of more than 50 pixels. This additional selection should however be performed only 

when found absolutely necessary since it does limit the set of analysed plasmic fabric domains 

to those larger than the sand sized material. 

For now, the one primary reason for collecting information regarding shape is to 

distinguish between equant/undefined and elongated plasma domains. Those listed as equant 

or overly complex in shape can not be used in the directional analysis while the elongated 

domains, especially the smaller ones, can be used to accurately measure directional trends in 

plasmic fabrics. Without going into a detailed discussion of the merits of shape characteristics 

in preferred orientation measurements (sec section 5.6 for more) it is important to state that the 

longer and larger domains are less useful in the orientation measurements. Very often plasmic 

fabric preferred orientation is best represented by a scries of small, discrete shears. These 

shears are only rarely large. Longer, larger or interconnected domains may change shape 

resulting in an increased inaccuracy of the results. Discrete shears are more likely to maintain 

a uniform orientation throughout the domain. 

The new minimum of pixels must therefore be selected based on the minimum number 

of pixels necessary to distinguish between elongated and equant shapes. This number must, 

at least initially, be experimental in nature and based on a reasonable best guess. The choice 

of 5 pixels as the crucial value was made based on the previous experience of the author. 

Diagram 5.12 shows a number of possible shape combinations made using 5 pixels and their 

relationship to the original shape of the domain. The use of a different value in the future was 

not at all eliminated. This part of the thesis is very subjective and may need adjustment. 
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Another reason for collecting 

information concerning the size of 

the plasma domains is to acquire an 

idea as to the size distribution of the 

plasmic fabric in a sample field. This 

is a similar concept to that used in the 

studies of macro pores (Bullock and 

Thomasson, 1979; Singh etal., 1991) 

and skeleton grains. The similarity 

docs seem to be stronger between the 

plasmic fabric and the macro pores in 

that both may be continuous and 

interconnected as well as small and 

discrete in the 3-dimcnsional space. 

It is also true that in a 2-dimensional 

space created by thin sectioning, both 

of these types of structures very often 

appear discrete - notwithstanding 

their actual physical configuration 

(Ringrose-Voase and Bullock, 1984). 

Previous studies have shown that 

some 3- dimensional characteristics 

can be derived from 2-dimensional 

studies (Chayes, 1956, Friedman, 1958: Anderson and Binnie, 1961; Weibel, 1980) especially 

when the different elements studied have an isotropic distribution. 

By studying size distribution curves of the anisotropic domains it may be possible to 

establish a pattern related to the original dcpositional or deformational conditions. To use an 

example, when working with the insepic or the mosepic plasmic fabric, the degree of size 

variance and frequency, as measured from a sample field, may perhaps be indicative of such 

qualities as duration and severity of sediment reworking, magnitude of stresses involved or the 

direction of the stress application. The information would most likely be used in conjunction 

with some other sedimentary characteristics identified in the sample field. It may also be used 

to interpret other depositional or post-depositional conditions when the plasmic fabric patterns 

are more complicated. 

+ 

Diagram 5.12. The diagram shows a variety of 5 pixel domain 
shapes and their "real" shape variance. The 5 pixel domains may 
not represent the "real" shape closely hut the overall general 
pattern should he preserved. This should allow rough estimates 
of elongation - a criterion in domain selection for orientation 
measurements. 

A more immediate need for information related to the size of plasmic fabric domains 

is in recognition and description of plasmic fabric patterns. Some plasmic fabric patterns are 
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defined partially by the size of the domains - insepic, mosepic (although in case of mosepic the 
definition only indicates that domains should be in contact). The size of a domain may also 
play a role in defining the surface related plasmic fabrics. The definition of the skelsepic and 
the vosepic fabric does not mention the size of each domain but the most appropriate way 
would be to establish some form of a ratio between the size of the core grain and the thickness 
of the skelsepic band around it. In addition, the size of the domain and its relationship with the 
size of the core grain (or void for the vosepic plasmic fabric) is crucial in differentiating 
between large sepic fabrics and a series of closely spaced skelsepic or vosepic patterns (Sec 
section 5.5 for a more detailed discussion). 

As was the case in the "Grain Size Analysis" section (5.2) the definition of the size of 
each plasma domain is based on the presumption that the domains are distributed isotropically 
and that each domain visible is a maximum projection area for each feature. In that case the 
longest dimension measured for each domain (a axis) represents its size. Each domain of 
anisotropic plasma, as defined and quantified earlier (section 5.3) should first be measured 
using some form of a standard size measurement module. The information might already 
preexist if the domains have been measured previously. Once their size is obtained, it is only 
a question of using attribute selection tools to pick those domains necessary for the next stage 
of the analysis. 

An additional correction of the data may be necessary due to the presence of illegal 
objects. This topic has already been discussed briefly in section 5.2. The basic concept still 
holds and the domains selected for size analysis will exclude illegal objects. 

In this thesis the measurements concerning the size characteristics have already been 
included in the "Plasmic Fabric Strength" measurement section (Chapter 5.3). However, the 
subsequent size analysis is specific only to this section and should be performed at this stage 
of the analysis in order for the information to be available in the future. It should be noted that 
some of the information gained at this stage will be used later, while other results are of a more 
immediate significance. 

5.4.2 Size Attribute Extraction and Display 

The initial attributes extraction should start with a vector file showing all of the known 
plasmic fabric domains. Individual domain's attributes table must include the size information 
- preferably expressed in terms of pixels. Some programs do offer this capability and so will 

121 



require no additional work prior to this step. However, when not available, size information 
may have to be derived through calculations performed either within the program or by an 
outside source. Alternately, the area will always be expressed in some unit of 2-dimensional 
space. Since the original size of one pixel is known (2 urn and 5 urn in this thesis) it will not 
be difficult to identify the minimum urn2 area to be used (200 urn2 and 1250 urn2 respectively). 
This can then be related to a minimum "Maximum Distance" value. In this thesis the lowest 
acceptable value equals 16 urn in diameter for 2 urn pixels and 40 urn in diameter for 5 urn 
pixels. 

The first objective of this section is to collect data for the display of the "size 
distribution" information. There are several ways of achieving this goal. Some programs do 
offer an automatic means of graphing size distribution - usually for the purpose of grain size 
analysis. If so, the computer may easily be fooled into believing that the plasmic fabric 
domains represent solid particles and will therefore display the information the same way it 
would for the skeleton grains. This method is by far the best especially since it requires least 
work, shortest procedural time and highest flexibility - it is likely that any program offering 
size distribution information will allow for a variety of ways of displaying this information. 
Even if the display of this information is not possible immediately the data related to the size 
of each domain should be stored. It is likely that the program will have some form of export 
utility allowing for the extraction of the domain attributes. An attempt should be made at the 
data extraction of the size related attributes. In this thesis the preferred choice is the "MaxDim" 
option but the use of the area information may also be made. Whatever the form this 
information will take it should be stored separately in a digital file format allowing for future 
extraction and manipulation. The identity of each domain in the image analysed should be 
preserved. Each domain will have a unique ID number. This means that as long as the number 
is preserved each domain can be treated individually and any measurements necessary can be 
restricted to a selected set of domains. Using their IDs as reference, it may be possible to cross-
reference other types of information regarding the same domains. For a more detailed 
discussion of the data display and use please sec section 5.7. 

The next objective is to select a subset of domains for the subsequent preferred 
orientation studies. It differs from the previous step in two ways. First, not all of the domains 
are extracted. Second, the "island" polygons are incorporated into the parent polygons. The 
first restriction has to do with the previously mentioned 5 pixel minimum in the fabric studies. 
The second restriction eliminates the possibility that an elongated, compact shape of a domain 
be described as equant or convoluted - excluding it from further analysis. Presence of one or 
more islands in an anisotropic domain may be the result of a small skeleton grain(s) being 
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present within the domain. If it is generally elongated it should still be analysed for preferred 

orientation. 

Such a multifacetcd selection process requires a means of data selection and extraction. 

Most vector based G1S programs must be capable of such selection, otherwise they would lack 

the ability to manipulate the data available - making them effectively useless. The extraction 

process should therefore be quite simple. The island polygons should be eliminated first -

increasing the size of each domain polygon containing at least one of them. This will naturally 

lead to an increase in the size of the selectable subset. This new domain image must be 

measured again to recalculate area and shape characteristics. Once this is completed all the 

domains larger than 5 pixels can be extracted into a new file - the raw source for the 

orientation analysis (section 5.6). 

The last part of this thesis includes collection of information for the optional shape 

analysis. This last procedure is identical to the previous one but for the difference in the 

minimum size of the selected polygons. As mentioned in the earlier discussion the minimum 

size of the domains to be analysed for shape characteristics should be at least 50 pixels. A new 

file should be created containing the relevant subset of domains. For the possible use and 

display of this information please see section 5.7. 

One final note of caution. As is the case with any other form of vector file 

modifications, vector extractions and the creation of a new file may require a "clean up". A 

new file may be using the old topology information available from the source. This means that 

the new file uses outdated information. It is very likely that the current relationship between 

individual domains no longer fits the description. It is important to run some form of corrective 

topology adjustment routine on any new vector file to re-establish the true attributes. This point 

may not apply to those programs which run an automatic topology adjustment during the data 

extraction or manipulation routine. That is not always the case. 

5.5 Surface Related Plasmic Fabric Domain Selection 

The object of this section of the methodology is the selection and the display of those 

plasmic fabric domains which can be described as skelscpic. The purpose of this selection is 

twofold: To display only the skelscpic plasmic fabric domains - and therefore unclutter the 

image and to measure plasmic fabric characteristics pertaining to the skelsepic domains 

identified. The identification of the individual domains as skelsepic also allows their future 
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Matrix 

Skeleton 

Plasmic fabric domain 

Vosepic Plasmic fabric doma 

display in combination with selected groups of other features. As an example, it may be 

possible to investigate the relationship between the skelsepic plasmic fabric domains and the 

skeleton grains of a selected diameter. 

This part of the methodology should be the first in the series of plasmic fabric maps 

produced for each of the sample images tested. As will be explained below the selection of the 

skelsepic plasmic fabric often involves a fair degree of subjectivity. Sometimes the smaller 

subsections of the skelsepic plasmic fabric may appear similar to other forms of plasmic fabric 

(Diag. 5.13). By first looking at the skelsepic plasmic fabric domains we preclude the 

possibility of their premature and incorrect identification. 

The d e f i n i t i o n and 

identification of skelsepic plasmic 

fabric is not altogether difficult in a 

visual description of a thin section 

(For a reference see chapter 3). A 

skelsepic plasmic fabric domain can 

generally be described as a thin band 

of clay minerals exhibiting basic 

orientation. The band itself should 

be located in a near proximity to a 

skeleton grain and should 

approximate its shape. The domain 

can therefore be described as having 

a sub-parallel preferred orientation. 

This form of definition is suitable for 

a general identification of skelsepic 

plasmic fabrics but for practical 

reasons becomes highly unwieldy 

when used in image analysis. 

The following comments can 

also be related to the vosepic 

plasmic fabric recognition. The 

problems are identical in all respects 

except for the void spaces instead of 

the skeleton grains. The definition of 

the vosepic plasmic fabric is 

similarly problematic. 

Diagram 5.13. The diagram illustrates various logical errors 
which must he considered when automatically identifying plasmic 
fabric patterns. For a more detailed explanation see text, a) 
Plasmic fabric domains in the centre are not identified as 
skelsepic due to their discontinuity, h) Plasmic fabric domains 
around the crushed grain are incorrectly classified as skelsepic. 
c) Rounded bands of anisotropic plasma are misidentijied as 
skelsepic p.f. d) Skelsepic p.f domains listedas vosepic due to the 
presence of desiccation fractures, e) Vosepic and skelsepic p.f 
domains are under-represented in comparison to the total number 
of the skeleton grains and voids. 
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5.5.1 Complicating Factors 

There are several complicating factors adding to the general difficulty of surface related 

plasmic fabric identification in digital analysis: 

1) The banded domains are often discontinuous. Even a single pixel separation is 

enough to divide a single band into two semi-circular crescents. In practice a single zone of 

skelsepic plasmic fabric may in fact be a whole series of individual discontinuous zones of 

plasma domains oriented sub-parallel to the surface of the skeleton grain. Due to the natural 

thinness of the skelsepic bands it is also very likely that domains as small as a single pixel may 

also represent smaller sections of a single skelsepic domain. These smaller domains may 

otherwise be interpreted and measured as a series of individual zones of masepic or insepic 

plasmic fabric (Diag. 5.13a). 

2) The thickness of the band and therefore the maximum distance away from the 

surface of the skeleton grain arc not usually specified. This generally allows for a very loose 

interpretation of the skelsepic plasmic fabric. In effect, the difference between a series of 

skelsepic plasmic fabric domains in close proximity and a single large domain of masepic 

plasmic fabric containing skeleton grains, can be very subjective (Diag. 5.13b). The difference 

may be noticeable to the naked eye based on the subtle difference in anisotropism intensity 

visible as a halo around each of the skeleton grains. However, although easily identifiable, 

such subtle differences may not necessarily be of practical value in image analysis. Essentially, 

what is needed is a clearly stated boundary for each domain analysed. Moreover, it should be 

possible to use the same criteria for domain definition for the many different images to be 

analysed. A method of skelsepic plasmic fabric identification must therefore attempt to 

incorporate these requirements. 

3) There is also a problem of relating skeleton grains to their respective skelsepic 

plasmic fabric domains. Any given rounded band of anisotropic plasma should not be treated 

automatically as a skelsepic (or voscpic, as the case may be) domain. Before being identified 

as such the relationship between the domain and its core (be it solid or void) must be 

established (Diag. 5.13c). 

4) One of the side effects of a thin section preparation, or to be more specific of the air 

drying, is the fairly frequent appearance of artificial fracture planes. These features are very 

commonly found around skeleton grains forming void 'envelopes' and separating the grains 

from the plasma. This situation must be taken into consideration when differentiating between 
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skel- and vosepic domains. Otherwise a misidentification of spurious vosepic domains may 

occur instead of the more correct skelsepic domains (Diag. 5.13d). 

5) The final complication stems from the "illegal line' procedures often incorporated 

into image analysis subroutines. If used, as is the case in some of the previous sections of this 

methodology, the 'illegal line' procedure eliminates those features in each image which can 

be found in contact with the outside edge - so called illegal line. This is essentially done to 

eliminate confusion and distortions associated with the shape and size distribution analyses of 

objects artificially dissected - be it by the extents of the digitized image or at the edge of the 

thin section. In case of surface related fabric domain identification some confusion may be 

caused if either of the features necessary for the correct identification is missing (anisotropic 

band and a skeleton grain, anisotropic band and a void space). For example, the number and 

the distribution of the skelsepic plasmic fabric bands maybe severely underestimated if there 

are a large number of skeleton grains located just within the confines of the image. These 

skeleton grains would then be incorporated into the analysis while the respective skelsepic 

bands would have to be excluded - being situated on the edge of the image (Diag. 5.13e). 

5.5.2 Methodology 

The above mentioned complications make a fully automated solution nearly impossible 

or at least inaccurate. The solution lies in the incorporation of at least a small degree of 

subjective decision making. The role of the automated subroutine will be to first preselect a 

number of domains most likely to be either skel- or vosepic. Secondly, the automated 

subroutine should be able to selectively measure and display only those domains conclusively 

identified as surface related fabric type. The final product should be an image showing only 

the domains of skelsepic and vosepic plasmic fabrics. 

The process of selection of the most likely surface related fabric domains must begin 

with the raw map of all of the plasmic fabric domains found in an image. The final product will 

be a subset of this initial image. The raw domain image must include all identifiable plasmic 

fabric domains. This means no limits must be set on the size or the shape of the domains. The 

raw map should also include the objects situated at the edge of the image. For practical 

purposes the methodology used in this thesis uses a slightly refined set of domains. Their 

general shape does not change but the island polygons are removed. This is done in order to 

avoid confusion when deleting unsuitable domains. Under some circumstance a number of 

island polygons may be left behind resulting in their no longer being listed as the islands but 
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rather as complete anisotropic domains. 

The second source of necessary information will come from the initial map of all of the 

skeleton grains (for skelsepic domains) or voids (for vosepic domains). This map should also 

include illegal objects. The purpose of retaining the illegal objects is to avoid the complication 

derived from excluding too many domains from the final subset (see point 5 of the 

complications section). 

The raw skeleton grain map will contain all of the skeleton grains visible within the 

sample field. As such it may be a highly cluttered image - especially when a large portion of 

the texture falls within the silt sized range. Any of the silt size skeleton grains located entirely 

or partially within a plasmic fabric domain - be it masepic or insepic - may give the appearance 

of a skelsepic domain. As such they are not acceptable for the purpose of identification of the 

skelsepic plasmic fabric. In addition, their usually large numbers and small size make 

subjective selection a highly tedious process. The exclusion of silt size material is therefore 

suggested. The skeleton map to be used in the following stages of the subroutine should 

include only the sand sized material. This requires a selective inclusion of any grains larger 

than 63 (im in diameter (based on their longest axis). 

For the vosepic domains the procedure should be identical except that only the largest 

'sand-sized' voids should be selected. An additional aspect of the analysis which should be 

considered when analysing vosepic plasmic fabric is the possibility of some of the void spaces 

being artificial (see point 4 above). It should not be overly difficult to make subjective 

corrections to the initial classification map which would correct this type of error - for the sand 

sized or larger voids. However, the many silt sized voids would simply be too difficult to judge 

as either true or false pores. It would be nearly impossible then to differentiate between skel-

and vosepic domains for that particular range of sizes. Since the sand sized material can be 

presumed to be accurately represented in both skeleton and void maps it should be considered 

as sufficient for the purpose of surface related plasmic fabric analysis. 

Since the one common characteristic of all surface related plasmic fabric domains is 

their overall sub-parallel preferred orientation to the surface of their core object, it is the 

immediate surroundings of each such potential core object which are of the greatest 

importance. It is not possible to define this immediate neighbourhood with any degree of 

absolute confidence (see point 2 above). It is however possible to select only those domains 

with the highest likelihood of being skelsepic or vosepic. To do so it is preferable to strictly 

limit the furthest most extent of any given domain By defining an absolute distance value 

which is to be used to define the suitable domains it is possible to limit the number of the 

potential surface related fabric domains. Any domains which are completely within the zone 

of interest should be displayed. This buffer zone should be easy to create using any image 
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- ^ ^ analysis software. For this thesis a value of 25 urn was 
t g? selected as the critical thickness of the buffer. The 

•̂ fc creation of the buffer initiates the process of selection. 
T} j ^ The buffer should be built around all of the skeleton 

A ^ ^ grains contained in the previously modified skeleton 
map (which can be thought of as simply showing the 

-#•**- sand particles). Plate 5.8 shows an example of a buffer 
**»-^5^ around some skeleton grains. Similarly, for the vosepic 

Plate 5.8. The picture 'shows the skeleton P l a s m i c f a b r i c t h c v o i d m a P s h o u l d a l s o b e buffered. 
grains (black) and their 25 fum buffers. This new buffer file could be raster or vector formatted 

but in this thesis the use of the vector objects proved 
- p-r? . 

.«**"*"".. 4 ] ^ ^ much more suitable for the analysis. 

0° Using simple Boolean logic and overlaying 
iuL modules it should be possible to select only those 

A. 
- " M domains which are included - whole or partially -

""f : - within the buffer. Thc resultant file should be treated as 
"ifefj, -*?£**& a n initial map of all the potential surface related fabric 

i>» domains (Plate 5.9). The final corrected version must 
Plate 5.9. The picture shows the skeleton s t in b e c r e a t ed. It may also be possible to further limit 
grains and the possible skelsepic plasmic . . . . . . , 
fabric domains (black). t h c r c s u l t s o t t h i s l a s t procedure by limiting the 

domains according to the percentage of the overlap. It 
may, for example be more accurate to only select those domains which overlap the bufferzone 
by more than 10 % of their overall area. An even more limiting approach, involving selection 
of domains completely included within thc buffer zone (100% overlap) is suggested. Besides 
limiting the set of potential skelsepic domains to only those in the immediate proximity of a 
skeleton grain, this approach also eliminates most of the larger domains (those of at least 5 
pixel or more in area) orientated at a high angle to the surface of the grain. Domains of that 
size are not very likely to fit entirely within the 25 urn buffer zone unless they arc oriented 
sub-parallel to thc skeleton grain. 

To finalize the map of the surface related plasmic fabric domains it is necessary to 
interactively modify the raw result. If so, a subjective decision has to be made on the degree 
of modification necessary. The final result may therefore still be fairly subjective. However, 
once concluded, this part of the methodology should produce a single map of all of the 
domains in question. Another reason for the follow up scrutiny is to minimize the chance that 
some of the domains arc cross listed as both the vosepic and the skelsepic plasmic fabric. This 
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is possible since a number of skeleton grains and voids can be found in close contact. As was 

already mentioned earlier desiccation fractures are perhaps the best examples of this situation. 

It is not impossible to see how some small domains may be classed as being both vosepic and 

skelsepic unless care is taken to manually exclude them from one or the other - depending on 

the subjective best interpretation. 

In the example shown in Plate 5.8 and 5.9,1 have not observed any strong evidence of 

the skelsepic domains but the example shows that in this one case at least the methodology is 

still highly subjective. 

Any further analysis of the data will likely be based on the shape, size or preferred 

orientation statistics generally available in the image analysis programs. As an example, the 

strength of the form anisotropism for the skelsepic domains may be displayed in the form of 

a graph and compared to other types of plasmic fabric within the same thin section, unit or 

sampling site. Similarly, the skelsepic plasmic fabric summary can also be compared to the 

information available from other thin sections, sample blocks, study sites or exposures. 

Plasmic Fabric Strength value already available can be quickly extracted from the finalized 

domain map and the data displayed on the screen or exported to other programs - often better 

suited for the display of graphic or mathematic information. 

5.6 Orientation Measurements 

To complete the data collection process it is necessary to consider the issue of domain 

orientation. Preferred orientation plays a major role in plasmic fabric diagnostics. As discussed 

in chapter 3, a number of plasmic fabric types can be separated based on one, or more, 

preferred orientation angle. The information provided as a result of this section of the 

methodology should aid in the diagnostic identification of some of the plasmic fabric domains. 

Orientation is the last characteristic to be investigated and it should give a more complete 

picture of the overall plasmic fabric distribution in the imagery studied (in this section the term 

orientation will be used to mean preferred orientation). The information may be used to 

indicate general orientation trends of plasma within each sample field, thin section or Kubiëna 

box sample, provided some extrapolation is possible and applied. All this requires a 

progressively more detailed examination of an increasing number of samples but the overall 

results could be fairly accurate if several precautions are taken. 

In order to gain these objectives it is also vital that some attention be paid to the domain 

shape and size prior to the directional analysis. The relationship between shape and size of 
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plasmic fabric domains and their orientation is fairly complex. The directional information 
provided by the thin section analysis, qualitative and quantitative, restricts the results to 2-
dimensional space. Certain analysis techniques do allow for a 3-dimensional approximation 
of the true orientation data - such as clast fabrics. These approaches do however only 
approximate the true orientation. This is true for practically any technique used to study 
orientation information. For more on 3-dimensional analysis sec chapter 2. 

If the standard visual analysis of plasmic fabric domains can interpret directional 
information and be used to identify the fabric patterns, then the use of digital image analysis 
should be considered just as capable, if not better, at this same task. While the visual analysis 
looks at the general pattern or occasional individual feature characteristics, image analysis 
techniques allow for the analysis of every individual domain. The number of these domains 
may be quite large without severely affecting the quality of the results - not always true for 
visual analysis. The time factor must also be considered. If a proper degree of preparation is 
undertaken, the application of computer technology allows for a less time consuming analysis 
process. This does not mean that there is a necessity of using exceedingly large numbers of 
domains in the analysis. Some domains can and should be excluded. The decision should be 
based predominantly on the shape and the size of the domains. These selection criteria and 
their significance are described below. 

It is also important to point out that currently the best source of images for anisotropism 
analysis is in form of the circularly polarized light. FitzPatrick (1993) insists that any analysis 
of plasmic fabric orientation should be performed using this method. In this thesis cross-
polarized imagery is used as the source of anisotropism data. This is not an ideal type of image 
but it is sufficient to provide the starting point for the development of the technique. If 
circularly polarized images could be obtained, then they would replace their equivalent cross-
polarized pictures. 

5.6.1 Domain Shape Considerations 

I f useful directional information is the objective then to measure all the domains found 
can be described as counterproductive. As will be explained later, the reason lies in the fact 
that not all of the domains in any given sample field can be described as having a preferred 
orientation. Since the orientation measurements are based on the angle of the longest axis 
chord the temptation is to treat all the data as equally valid. However, limits must be placed 
on the choice of polygons to be analysed. The subsequent scries of paragraphs will describe 
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the major factors which may affect the directional data analysis. Some of these factors are 

more related to the technological aspects of image analysis. The rest deal with the effects of 

various physical characteristics of the plasma domains which may render their orientation 

values invalid or even misleading. 

1) Scanning inaccuracies may lead to incorrect domain definition. This is a purely 

technological problem related to scan resolution, picture noise and inherent shape 

generalization due to the square shape of each pixel. When the domain definition does not 

match closely the true shape of the domain then any measurements involving this domain will 

be highly spurious. This problem has been dealt with much earlier in the methodology. Most 

issues concerning image capturing, scanning and objects' spatial definition have been 

discussed in chapter 4 (Image Classification). Any errors arising from the image capture 

procedures should be corrected at that stage. We must presume that the domains defined in 

section 5.3 (Plasmic Fabric Strength Measurements ) are accurate and that no further 

modifications are necessary. 

2) Illegal objects affect the overall results. The illegal objects are the polygons in 

contact with the edge of the image. Since these features arc incomplete their interpretation is 

quite impossible as it may severely distort the actual results. The topic of illegal objects was 

mentioned earlier (section 5.2 and 5.5.1). It is in the study of the shape and the orientation that 

the presence of illegal objects seems to have the most obvious repercussions. The edge of the 

picture will naturally deflect the apparent orientation of the affected polygons. The shape of 

these same polygons may be severely distorted. This is not always true and sometimes 

polygons may simply touch the edge without being cut. It is impossible to make this distinction 

without some prior knowledge of these features outside of the limits of the sample field. 

Without an ability to automatically select between features affected and unaffected by the 

edge, they must all be treated as suspect. For this reason all of the polygons in contact with the 

edge must be excluded from the subsequent analysis. 

3) Diagonal lines do not exist in bitmapped images. This is a fundamental aspect of 

edge definition and line drawing in image analysis. Colour plate 16 shows an example of a 

domain shown at a 30x magnification level. The second image shows a smaller section of the 

same domain (1 OOx). The problem is with the way in which a seemingly straight diagonal edge 

of the domain, as seen on the left, is essentially a series of vertical and horizontal lines 

following their conversion to vector image on the right. 

The theory of a bitmapped image composition makes use of the natural ability of the 

human eye to only resolve a certain minimum level of detail in any scenery. The overall 
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accuracy of the reproduction is based, paradoxically, on being able to make the smallest 

"image" component too smal 1 for the naked eye to see clearly. This allows for the composition 

of a series of neighbouring pixels to combine into a "perfect" smooth image. 

The resolution/picture quality has two major components - spatial and spectral 

resolution. The spectral resolution (number of colours capable of being reproduced accurately) 

is of no concern in this case. At least not directly. The spatial resolution, or the above 

mentioned smallest picture clement available, is of slightly more relevance. Ironically, the 

original point of concern relates back to the very fundamental makeup of the bitmapped image. 

While increasing the resolution of the image, both spectral and spatial, will improve the overall 

visual/analog appearance of the picture, it will not solve the problem of the diagonal line 

definition. This is because image analysis deals directly with the information available from 

each pixel. No matter how small, this is still a square (or in some cases a rectangle) and no 

diagonal lines are possible. 

The conversion from raster to vector format does not solve the problem. It does 

however allow for further image manipulation in order to improve the situation. A note of 

caution is necessary. Even though each object/feature in the vector format image is described 

in terms of interconnected points and lines - each with a specific location and relationship to 

others - the image as displayed on the computer screen is a raster, often resulting in a jagged 

appearance of straight lines. The line shape distortion in the vector file imagery is strictly a 

fault of the display media. The data contained in the file still represents a set of straight lines. 

The vector format allows for any line to be digitized and reproduced very accurately. Above 

all it allows for lines to be drawn at any angle and as smooth as the original if necessary. It 

must be considered as the format of choice when analysing shape information. 

The conversion from raster to vector carries over the initial limitations of the raster 

image. Colour plate 16 clearly illustrates the problem. One way to improve the situation is to 

use one or more filters in order to simplify the image. The basic concept of the vector 

smoothing filters is based on the excessive node removal. The process of line simplification 

involves line editing when a more efficient arrangement of nodes and lines is possible. Every 

line is tested and if a node is removed then a new line, connecting the remaining two nodes, 

is added. Diagram 5.14 shows a theoretical vector filtering routine. The resultant image has 

the double advantage of being simpler and smaller. For the purposes of image analysis it also 

has the advantage of being far more accurate. 

The reason for this is simple. Only vertical and horizontal lines of the original scenery 

are perfectly reproduced in digital, raster, images. Any line, edge or shape which does not 

conform to the vertical or horizontal orientation is distorted. The distortion carries over to the 

vector imagery. The results may mean that a straight line, oriented at 45° will be described as 

a set of shorter lines. 0° and 90u in orientation. No set of data or graphic representation of 
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orientation values (such as a rose 
diagram) showing such an image are 
of any value in a scientific study. 
Following the filtering routine the 
new line will show as a smaller set of 
lines (if not, ideally, one) with 
orientations approximating the 
original. Such data, even if distorted, 
is still substantially more accurate 
and obviously much more useful in 
the shape and orientation analysis. 

This work incorporates the 
use of the vector filters prior to any 
shape or orientation subroutine. It 
does not however introduce such 

Diagram 5.14. The four views represent the various possible filters in the earlier vector related 
results of a line filtering process. The process is known as "line . . 
simplification--, a) represents the original image as if converted subroutines Since they are not 
straight from a raster image. The nodes are located at each of necessary or helpful. As seen in 
the breaks in the line, b-d) show the results of a "line ,. c . . , - . ~~ , . ..« . ,, . . . . . , , „ . . diagram 5.14 such filters may affect 
simplification routine involving progressively longer minimum ° J 

distance" criteria. The dotted lines show the original shape of the the overall size of the object Studies 

polygon. ancj w o u ] j therefore affect texture 

measurements and domain size 
selection routines. Since the size information available from the bitmapped images seems 
generally accurate (especially at some higher resolution settings) any vector filter applied to 
the imagery prior to size analysis may actually be counterproductive. 

4) Most domain shapes do not lend themselves to the orientation measurements. This 
point of concern involves the idea of the shape ambiguity. This issue has also been discussed 
earlier (see section 5.4, Diag. 5.12). It is necessary to again mention that some of the smallest 
domains (all of the single pixel, and most of the domains smaller than 50 pixels in area) are too 
small to allow for an accurate shape definition. Their shape may simply defy such analysis. For 
example, a perfectly circular object, squares, rectangles or triangles can not be used to indicate 
preferred orientation. Some of these idealized shapes, specifically perfect circles, ovals and 
triangles, are not likely to be encountered in a thin section image but the rest are possible and 
can be used to clearly illustrate the point. What is more likely is that a series of many different 
domain shapes will be found. Their acceptability in the orientation measurements will have to 
be evaluated. Only those domains possessing the right shape characteristics will be further 
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considered. This does not mean that the rest of the data will be ignored. In a typical field 
macrofabric studies only certain types of pebbles are selected and measured. The remainder 
are ignored as not qualifying for the fabric analysis. Their shape excludes them from clast 
fabric analysis without prejudicing the overall results. This does not apply in the plasmic fabric 
domain studies. If a thin section shows a strong unidirectional preferred orientation then it is 
presumed that a majority of all of the visible domains agree with the pattern - not just the 
selected set of clearly orientated ones. This leads to a conclusion that any data summary must 
include information regarding both the number of the orientated and unoricnted domains ( a 
ratio) and the directional data available from the oriented domains (mean, standard deviation, 
etc.). The choice of the appropriate shape characteristics will be discussed later. 

5) A large number of the anisotropic domains may be too small. Some of the previous 
chapters have already looked at the domain size issue and how it affects measurements of some 
other plasmic fabric characteristics. For more detailed discussion please see section 5.2 and 
5.4. In case of orientation measurements the size characteristic is closely related to the topic 
of shape definition. Small domains are less likely to be effective at shape representation (see 
section 5.4). This is mostly due to the nature of the scanning process and the resultant 
bitmapped imagery. To avoid inaccuracies it may be necessary to only select some of the 
domains detected. One of the criteria must be their size. The size in question is not their 
absolute size as defined by their surface area or the longest chord but rather their relative size. 
For example, a domain 30 unr in area may be included under some circumstances and rejected 
under others. If this hypothetical domain was described by a small number of pixels then it is 
not likely to be a good reproduction of its original shape. Similarly, a higher magnification 
reproduction of the same domain, or a higher scanning resolution, will result in many more 
pixels being used to outline the given shape. These are more likely to show a close rendition 
of the original shape and may be trusted to provide a reasonable quality of results. The 
selection process must therefore include an attribute check for size. A minimum size described 
in pixels (preferably, but not necessarily) should be used to exclude those domains which are 
unlikely to be accurately rendered. 

6) The presence of the holes/islands may disrupt the process of orientation 
measurements. The islands will not affect the actual orientation values since those are the same 
as the angle of orientation of the longest axis of any domain. Since the islands must be 
contained entirely within a larger polygon they have no effect on the length of the longest axis 
nor on its positioning. However, the presence of each island may complicate the overall shape 
of the polygons containing them. As such each polygon has an internal as well as external 
boundary - resulting in a much more complicated shape. Since the selection of the orientated 
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domains is limited to those fitting within a stated range of shape characteristics the additional 

presence of the islands may result in a large number of them being excluded. This would not 

be productive since the process is already highly selective - resulting in only a small portion 

of the original domains being selected. The islands usually represent a condition where an 

otherwise uniform body of orientated plasma is disrupted by a "foreign object". This disruption 

may simply be a skeleton grain or a void. In such a case, the orientation should be measured 

anyway if there is a sufficient degree of elongation to show the preferred orientation of the 

domain. In this thesis the island polygons will be eliminated from all of the plasmic fabric 

domain polygons prior to the analysis. 

5.6.2 Procedure 

Due to the complexity of the task involved it is necessary to follow a strict procedural 

order. The order of operations assured logical conclusion of the process. Its complexity stems 

mainly from the aforementioned concerns about the data significance and accuracy. 

The first stage in the gathering of the orientation information must be the domain size 

selection. The selection criteria are based on the minimum domain size of significance in the 

directional analysis. The minimum value specified in a shape analysis procedure is more than 

50 pixels (section 5.4). In this case, the purpose of the shape measurements is purely for the 

reasons of domain selection. That is, the exact shape description is not necessary. A good 

approximation should be sufficient. As already discussed in section 5.4 the minimum size of 

5 pixels was selected. Any domain of the same size or larger should be included in the further 

analysis. 

This part of the procedure should already have been accomplished when working on 

the "Size Selection" routine as described earlier (section 5.4). 

Before any data can be gathered the illegal objects of the picture should be eliminated. 

The domain vector file created in section 5.4 should be used as the starting point. 

The direct result of the described data selection process is a vector file containing a set 

of domain polygons larger than 5 pixels in area and contained completely within the sample 

field. The information on the size and the number of domains smaller than the critical value 

should also be stored. 

To avoid confusion the surface related fabric domains must be excluded from the 
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suitable domains subset. This information has also already been gathered. As explained in 
section 5.5 some of the surface related fabric domains may consist of a series of smaller 
domains which may in fact be interpreted as a different type of plasmic fabric if analysed out 
of context. It is therefore important to exclude these domains while keeping a record of their 
number and/or size. While this information is useful in the overall plasmic fabric description 
for each image it can not be used to describe any preferred orientation patterns as it is already 
presumed to be parallel to the sides of skeleton grains or voids. By excluding it we eliminate 
any possible ambiguities resulting from a possible double counting of some domains. 

The actual process of skcl- or vosepic domain exclusion involves extracting a selected 
set of polygons. These are defined as not belonging to the surface related fabric type. The 
ineligible domains are listed in a previously created file (section 5.5). By extracting those 
polygons found in the skclsepic/vosepic file from the suitable domains vector file we can limit 
the set of polygons to be further analysed. 

Stall End node 

Before any shape quantification calculations are to be performed it is best that the line 
smoothing filters be applied first. As described earlier these filtering routines will likely result 
in an improved shape definition. The method selected for this thesis is a "Minimum Distance" 
line simplification filter. The minimum distance value selected was equal to either 3 urn or 8 
urn. The decision as to the minimum distance was based on the size of the image pixel. 
Therefore, for a 2 u,m pixel, the longest diagonal line distance is 2.83 urn, while for the 5 urn 
pixels it's 7.07 um. The critical values have to be slightly larger to allow for the removal of 

the extra nodes. 

An important aspect of the filtering routine is to 
use the vector format file containing the maximum 
amount of nodes. The best option would be to have 
each turn of a line described with a node. This is an 
inefficient way of storing data and shouldn't be used 
otherwise. If the vector file contains only polygon 
definitions (single line starting and ending with the 
same node) then the vector filtering routine will not 
function. (Diag. 5.15). Similarly, some smaller 
extrusions in a vector image may be removed as a 
result of filtering (Diag. 5.14). 

Filtering a vector file is a far more complicated 
Diagram 5.15. The diagram illustrates the 
situation often found in vector files 
containing polygons. Each polygon is 

described as a single line with a starting process than filtering a raster image. But it may prove 
and an ending node As such it can no, be v c r y beneficial. A balance should be struck between 
used in line simplification filters. 
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the needs of the project and the minimum filtering distance set. Otherwise the results will 
include too many processing artefacts and may be of no value - even detrimental - to the 
overall results. The values selected in this thesis hopefully combine efficiency with accuracy. 

Regardless of whether the line simplification filter is applied or not, the next stage of 
the procedure involves gathering information on the shape of the domain polygons. In the thin 
section studies shape definitions are derived from a 2-dimensional view of the studied features. 
It is obvious that the shape of a feature as seen in a thin section may be the result of both, 
object's actual appearance and its orientation. The purpose of this part of the methodology is 
to evaluate the 2- dimensional shape without making any reference to its true 3-dimensional 
shape. To do so will require a choice of shape criteria and their measurement. 

In standard clast fabric studies a clast suitable for analysis will have a 1.5 ratio of a to 
b axis (Kjaer and Kruger, 1998). The same ratio is used to study sand sized material (Cheel, 
1993). 

In terms of image analysis it is often possible to measure these values automatically as 
many of the image analysis programs have already incorporated the equivalent information 
into their gcomorphic or geological subroutines. If not, the same result can be achieved with 
a simple use of a query or the attribute selection routines if a basic set of measurements are 
first performed. For the ratio the minimum information must include the longest (a) axis and 
the intermediate (b) axis values. In practical terms, a-axis means the longest straight line 
distance which can be drawn within any given polygon. The b-axis is the longest possible 
distance, normal to the a-axis, which can be drawn inside the same polygon. If this information 
is available the procedure can proceed further. 

When the axis information is not directly available it may be possible to use a shape 
property called Grain Shape Index instead: 

f n T _ Perimeter 
LongAxis 

where LongAxis is the a-axis of a polygon. Grain Shape index can be related to axial ratios 
since the intermediate axis length must be a multiple of the original pixel size. The critical 
G.S.I value can be calculated from the 1.5 axial ratio, specified above, as follows: 

LongAxis = a-axis = 1.5 units 
Intermediate Axis = b-axis = 1 units 

therefore the polygon Perimeter must be: 
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2 x (b-axis)+ 2x(a-axis) 

or: 5 units in length 

G.S.I. = 5 / 1.5 = 3.3333 

Therefore any polygon with G.S.I value of less than 3.3333 would fit the minimum criterion 

required. 

Similarly, this shape index value can also be used to identify unistrial plasmic fabric 

domains. As specified in Chapter 3 the unistrial domains should have axial ratios of more than 

20 tol . As such their Grain Shape index value should be below 2.1. 

Once the measurements and calculations are completed the actual task of sample 

selection can commence. It is a fairly simple job of selecting only those domains which fit 

within a given set of standards. For this thesis methodology a critical axial ratio of more than 

1.5 was selected. This value may vary significantly depending on the purpose of the research 

project. In this case it should be sufficient in selecting those domains which are clearly 

orientated in a preferred direction. Plate 5.10 shows an example of a vector file which includes 

only the domains which satisfy the selected criteria. 
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Plate 5.10. The plate shows the results of the shape/size selection routine for the directional study of the plasmic 
fabric domains. On the left is the original vector domains file. On the right is the final selection of the plasmic 
fabric domains. 

The previously selected set of domains is now further subdivided. The number of the 
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domains rejected because of their shape should be stored for future calculations. The 
remainder, those accepted, are now forming the data set which may be used in the orientation 
studies. The domains may now be measured for orientation. This can be achieved in a number 
of ways depending on the software used. It is best that the data gathered be stored as a polygon 
attribute. It will then be possible to modify and extract this information for later data 
manipulation - allowing for maximum flexibility and additional selection criteria if necessary. 
This last aspect seems especially important if there is a need to display domains with some 
specific preferred orientation values. 

The final results should include at least the ratio of all of the orientated and 
unorientated domains and a listing of all the oriented domains and their orientation angles. This 
last set of data can be used to further analyse the orientation related characteristics of the 
sample image. 
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