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6. SUMMARY OF THE METHODOLOGY 

As a result of the data gathering process, described in the previous sections, there is 
now a sizable collection of information available to the user. The information is stored in its 
raw form requiring further revisions and refinement. This data can be displayed and used in 
further calculations. It is up to the individual users to select and extract what is necessary. It 
is possible that supplementary modifications to the procedure may be required if some 
additional data is requisite. The information currently available can be used to produce an 
extensive report on the images studied. This chapter undertakes to show how some of the 
information can be presented, what is available, some of its shortcomings, and how the data 
relates back to the topic of plasmic fabric classification. 

6.1 Texture 

Texture is a fundamental quality of any sediment and as such plays a very significant 
role in sediment descriptions and interpretations. In addition to the information regarding the 
skeleton grains this part of the report will also incorporate a more general list of sediment 
components found and their overall content within the sample. The list is admittedly 
rudimentary but at this point the project lacks emphasis in any specific texture related research 
direction resulting in a need for general information only. The texture of the sample will be 
expressed in a number of ways. 

First, the overall fraction of the sample represented by skeleton grains will be 
calculated. This information will include all of the visible and therefore separable skeleton 
grain particles - regardless of their size. The ratio of the combined area of the skeleton grains 
to the total area of the coverage will provide a percentile value. In addition, sorting of the 
skeleton grains will also be measured. This should not be confused with an overall material 
sorting since only identifiable skeleton grains will be taken into consideration. The reason for 
separating skeleton grain and overall sorting stems from the nature of the glacial sediments. 
Glacial diamictons are usually a poorly sorted mix of clayey plasma and larger skeleton grains. 
Skeleton grain sorting values may however be fairly high even within these diamictons and 
their sorting is often described on their own as part of a comprehensive thin section description 
(van der Meer, 1996; van der Meer, 1993a). 

This initial value will be complemented by the listing of the other fractions within in 
field sample evaluated. The information will be divided into four groups representing the major 
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types of material found in thin sections: plasma, voids, skeleton and general unidentified 

material which may include organic matter, production artefacts or other non-recognisable 

features. It is hoped that the results of the classification will minimize this last class of material 

as it may contain parts of the other three. 

Finally, the texture information will contain a cumulative size distribution curve. 

Plasma will be included entirely within the clay fraction. Because plasma can only be 

expressed as an overall percent of total area value it will have to be reported as such. This 

complicates things in that the raw data as provided for skeleton sorting can not be replicated 

for the overall sorting. There is simply no way of knowing for sure the overall number of clay 

platelets in the matrix. To match the style of the data available for skeleton size distribution 

it would be necessary to list all the individual clay grains and their diameters. A much simpler 

way to present this data is to print out the percentage values for each size class. A cumulative 

frequency curve can still be created allowing for the Graphic Method (Folk and Ward, 1957) 

to be used for the derivation of additional texture statistics. In this case the "unclassified" areas 

will not be included in the calculations. Without any additional information it must be 

presumed that the unclassified areas represent identical proportions of materials to those found 

in the classified areas. 

The overall sorting value of the material will also be indicated. In this case the best way 

to calculate this value is using the Moment Method (Boggs, 1987). Although the method uses 

percentile values derived from the overall weight of the sample it does not preclude its use 

with any other percentile values. In this case "percent of the coverage" values will be used 

instead of the weight information. The only weakness of this approach seems to be its 

presumption of plasma consisting entirely of clay sized material. For more discussion on this 

topic see section 5.2 

The display of this data may 

take several forms but it is perhaps 

best to make it simple. In this thesis 

it will be presented separately as a 

printout for each coverage analysed. 

These printouts will also include the 

remainder of the information 

gathered. Appendix 2.1 shows an 

example of the results for the sample 

Mi.633. The percentage of skeleton 

grains and their sorting value are 
Diagram 6.1. Example of 'a cumulativefrequencycurve currently 
available from the data obtained via image analysis. 
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given. Overall sorting value, including clay fraction, is also provided. The second listing 
(Appendix 2.2) shows the percentile data for the cumulative frequency curve. The table format 
allows for separation between the various textural classes. Each class is described using both 
the familiar descriptive terms and the equivalent § size units. In addition to the percentage of 
coverage area for each size category an additional cumulative percentage is also listed. 
Diagram 6.1 shows an example of the cumulative frequency curve obtainable from the results. 

6.2 Porosity 

The porosity of the sample is represented by a single percentage value (Appendix 2.1). 
This overall percentage is calculated based on the "identified" (excluding "unclassified") 
portion of the image. The overall area of the coverage and the "identified" portion of the same 
coverage are therefore presumably never the same. Although not impossible, any classification 
which results in 100% of the coverage being positively identified should be reviewed. In most 
cases some percentage will remain unknown. The undiagnosed parts of the coverage are not 
used in the porosity calculations. 

Any future work concerned with voids or requiring more detailed information about 
the porosity of a sample may be structured around the methodology described. In many cases 
the techniques used in this thesis can be applied to voids without major changes. 
Characteristics like shape, size or orientation may prove valuable in the study of soil or 
sedimentary voids. For the data to be available it may be a simple matter of replacing plasmic 
fabric domains with voids and applying the flow charts described in Appendix 1. 

An additional improvement in accuracy could come from the introduction of dyes into 
the impregnation procedure. Although fluorescent dyes are a possibility it is likely that these 
would compromise any accuracy of the results for non-void related features. The colour 
disturbance caused by such dyes would confuse any classification procedures ran with a 
previously established set of spectral signatures and a new set would have to be promulgated -
if at all possible. An alternate technique involves the use of ultraviolet-sensitive dyes. These 
remain clear and therefore do not affect the colour definitions of thin section features. Their 
fluorescent appearance can only be affected by illumination with a source of ultraviolet 
radiation. A note of caution here, even a simple fluorescent light bulb will induce some of the 
dye to radiate slightly resulting in an overall tinge - visible to the naked eye. Although the 
effect of this on the spectral signatures is not clear it may be helpful to extinguish any 
fluorescent light sources in the area of study for the duration of image capture. 

The use of these dyes can be very effective in defining the outline of each void within 
the studied coverage. As it is, clear resin makes all voids transparent. The porosity values 
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measured are limited to the pores which continue through the thickness of the thin section - and 

then only if the fracture/pore orientation is normal to the face of the section. These 

shortcomings seemingly limit the usefulness of the data. However, where necessary the 

porosity measurements can be made more accurate through the use of dyes. Otherwise, the 

general speed and volume of the information may prove valuable even if there is a degree of 

error built into the procedure. This is true for any study of thin sections where porosity is 

known to be low and/or is not considered significant. 1 can not make such a distinction at this 

time but the use of UV dyes seems at the least harmless and their introduction into the resin 

may prove useful in the future. 

6.3 Anisotropism 

Anisotropism data forms the focal centre for the plasmic fabric analysis procedure. The 

values gathered are therefore presented in a greater detail than those provided for the 

supporting data. Since there are many different ways to use this data it was necessary to 

broaden the report sheet. The values presented can be used to describe and compare the 

samples analysed. Appendix 2.1 shows an example of the report sheet. 

The first quantity measured was the overall birefringent plasma anisotropism. This 

value is based on the overall content of the birefringent plasma within the coverage. It is 

represented as a percentage of the total area. The measurement was based on FitzPatrick 

(1984). Miedema and Slager (1972) used a similar approach in quantifying illuviated clays. 

The descriptive term used is based on the percent value and can be treated as fairly objective. 

The value of optical anisotropism must be considered with a degree of caution unless the 

coverage studied was viewed using circularly polarised light (see section 3.1 for discussion). 

In this study all of the images were gathered using cross-polarized illumination and so carry 

an inherent inaccuracy. Without an available source of circular polarization the solution may 

lie in the use of a range of images showing various stage positions for each image (very time 

consuming and not ideal in terms of accuracy) or in selecting a "representative" image. This 

docs of course call for a subjective decision. However, subjective decision is already necessary 

when locating the sample image within the thin section sample. The possibility of human error 

can not be eliminated altogether even with the use of circular polarized illumination. Still, 

having a choice one should select circularly polarized illumination when analysing optical 

anisotropism. 

The next set of results provides a general set of statistics for each coverage. Individual 

domains of plasmic fabric were analysed and compared to each other. The overall number of 
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domains is provided. This number, along with the plasma anisotropism value provided earlier, 

can be useful in comparing different data sets. Presuming a constant image area for each 

coverage, the number of individual domains indicates the degree of fabric development. In 

combination with the anisotropism percentage it may also indicate the general discontinuity 

of the pattern. 

An average Plasmic Fabric Strength value, the range of PFS and the standard deviation 

value of the PFS are provided to further quantify the birefringence of the coverage. The 

average and the standard deviation can be used to compare between the various coverages or 

samples. Using a standard comparison of means or ANOVA table it may now be possible to 

compare plasmic fabric values statistically. 

Appendix 2.3 shows a table, available as a printout or in an ASCII file, containing PFS 

values for the individual domains. Each domain is described in terms of its ID, PFS value and 

also shows the average birefringence and standard deviation values. These latter two values 

were used to calculate the PFS number and are provided for a more in-depth clarification of 

how the value was derived. Most notably, the standard deviation column shows some domains 

to have the s.d. value equal to -1 . The negative value is of course not possible and is used in 

this case to indicate an "undefined" condition. This is necessary in order to complete the PFS 

calculations (See section 5.3). The "undefined" condition occurs whenever a plasmic fabric 

domain consists of a single pixel. Since this situation means that only a single data point is 

available the subsequent standard deviation value will result in a division by zero. Although 

the calculation can't be completed the data is still significant and the PFS calculation should 

proceed. In practice the PFS value will then be simply equal to the mean BIV - as seen in the 

example shown. 

The last set of data related to the birefringent domains shows the size statistics. These 

are only general in nature, showing the average size and the range of values - all shown in unr. 

It is likely that in majority of cases the smallest domain value will be same as the area of a 

single pixel. 

The characteristics of anisotropism described above were then summarised for the 

skelsepic and vosepic plasmic fabric domains. This was done so that the data analysis of the 

surface related plasmic fabrics was not limited to the strictly visual observations. In the current 

form shown in Appendix 2.1 it is possible to compare the PFS values for domains belonging 

to the various kinds of plasmic fabric patterns. In addition, the number of skelsepic or vosepic 

domains is also indicated as the percentage of total, and as a ratio of the number of domains 

to the total number of skeleton grains or voids. Since only the sand sized skeleton grains and 

large voids were used in the process of fabric identification the total number used in the 

calculation is the total of those sand grains and large voids. The ratio gives the user a quick 
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reference value for the frequency of occurrence of the skelsepic and vosepic domains even if 

the number of sand grains/large voids is not the same for the compared coverages. When no 

skelsepic or vosepic plasmic fabric can be identified the summary will simply state the fact. 

The table in Appendix 2.3 has also been divided into three groups. The skelsepic and 

vosepic domains were described separately from the general description. They are however 

included in the general listing. The reason for listing them again is to ease the task of 

comparing the PFS values. An alternate means of displaying this data could involve marking 

each domain in the general listing as belonging to a specific type of plasmic fabric. This is 

however much less convenient when comparing data. 

6.4 Orientation 

The last set of data obtained indicates the various orientation values for each of the pre

selected plasmic fabric domains. Section 5.6 describes the criteria used to select the subset of 

orientated domains. Once identified each suitable domain is treated individually. First, the 

longest axis of each polygon is identified. In this case the longest axis is drawn into a separate 

vector document as a single straight line. This is repeated for each domain. Some image 

analysis programs have their own built-in orientation generating procedures. However, it is 

possible that such a procedure may be flawed. It is always best to test the results. In this project 

the orientation values calculated by the program used were slightly inaccurate. As a result a 

need for a more accurate method was solved through drawing of the longest axis values 

individually. This allowed for a much more simple calculation of the orientation based on the 

angle of deflection away from the vertical. Each value of orientation shown in Appendix 2.4 

is an angle away from the positive X axis of each coverage. Presuming that this axis has a 

known "real-world" orientation, those values can then be adjusted to reflect the absolute 

orientation angles. Each orientation is shown as a number with a single decimal value. The 

actual calculations produced much more precise values which were rounded off. No negative 

values are given since all of the orientation values must be treated as bidirectional. Appendix 

2.1 also includes a fraction of the total number of domains which were analysed for 

orientation. This value, listed as "Percent of orientated domains" excludes all of the skelsepic 

and vosepic domains. Orientated sepic fabric domains can coexist with the skelsepic/vosepic 

domains - they are not exclusive of each other. Unlike sepic and asepic plasmic fabric which 

can not be identified at the same time in the same coverage, the presence of surface related 

domains does not in any way eliminate the possibility of the presence of the orientated 

domains. When looking for a predominant direction of orientation the skelsepic/vosepic fabric 

150 



domains arc never considered. 

Diagram 6.2 shows an example of a rose 

diagram created from data obtained through image 

analysis. The use of rose diagrams (orientation 

diagrams) to display plasmic fabric orientation data has 

been shown effective in soil fabrics (Hill, 1970)but 

Wclls(2000) cautioned about their use as the results 

may vary dramatically based on differences in class 

centres or intervals. Rose diagram application in this 

Diagram 6.2 Example of an orientation study is enhanced by a more complete set of data. The 

diagram currently available. (R.756). original soil study (Hill, 1970) used less than 10 

measurements to produce the diagram. No limit on the 

number of data points is placed by the methodology proposed in this thesis and can therefore 

be quite high. Experience showed an average of 2500 samples can be expected (see Testing 

and Results section). 

The choice of the type of rose diagram is restricted to the range of choices available 

through the program used. As suggested in Wells (2000) a complete set of raw orientation data 

is also provided. If a need for a different type of visual analysis is required then the data, if 

stored in a simple ASCII format (as is the case here), can be quickly imported into any other 

suitably flexible analysis program, such as a spreadsheet. 

One of the weakness of the selection process seems to be its highly restrictive criteria. 

From the sample analysis performed during methodology testing the preliminary results tend 

to indicate that only about 15 % of all the domains found in an average image were selected 

for orientation studies. Significantly, the number is more likely to reflect far less than the 

nominal percentage value of the overall birefringent area. This is due to the fact that the simple 

orientated domains necessary for the analysis are far more likely to be smaller than larger. It 

is therefore likely that some of the largest domains may be excluded. Whether there is a 

statistical significance to this, for the overall results, has not been studied. It may very well 

comprise a future research topic. 

The easily most apparent solution to this problem would seem to be to relax some of 

the restrictions placed on the shape of the eligible domains. If so, the criteria should never 

allow for unacceptable shapes being included in the analysis where the spurious data will 

affect the overall results. 

A final note on improvements concerns a possible modification of the orientation 

results. Since the orientated plasmic fabric domains are a visual result of plasma birefringence 
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it may be interesting to combine the orientation angles with the PFS values in order to show 
a new vector file. Each line vector would then be orientated in the proper direction but its 
length would reflect the PFS value - the higher the PFS the longer the line segment. This form 
of display may prove informative and certainly offers an intriguing direction in program 
development and data display - making full use of the complex display/data processing 
capabilities of an average image analysis/GIS application. 

6.5 Plasmic Fabric Identification 

As stated in chapter 3, one of the objectives of the thesis was to create a method of 
analysis which could be used to identify the various forms of plasmic fabric based on a series 
of predefined quantitative diagnostics. The degree of complexity of the various plasmic fabric 
patterns makes a complete and definitive identification nearly impossible. However, the results 
of the procedure, as shown in Appendix 2, allow for a number of the different types of plasmic 
fabric to be identified, listed, displayed and analysed further, if necessary. Each domain within 
the study coverage is described and measured individually and can therefore be assigned to a 
plasmic fabric type if it fits within the known diagnostic limits. For those fabric types 
concerned with the overall appearance of the plasma within the coverage, the procedure also 
provides a set of general overall statistics. The combination of those values, both individual 
and overall, and the coverage manipulation allow for most domains to be identified and for the 
entire coverage area to be described accurately. Although some types of plasmic fabric 
currently remain beyond the diagnostic reach of the analysis procedure their identification may 
at least be enhanced using the data provided. 

The subsequent discussion will link information currently available through the 
procedure to the diagnostics described in chapter 3. The purpose of this section is to clarify the 
relationships between the data and the final results. Whenever possible some suggestion will 
be given on any future developments/modification possible or necessary to improve the 
diagnostic recognition of the plasmic fabric patterns. The types of fabric not suitable for 
analysis at this stage in procedure development will also be described as will the cause of the 
complications. The order in which the patterns arc described is based on the sequence in which 
they should be considered. This is not the same as their order in chapter 3. The logic of the 
sequence will be explained when necessary. 
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6.5.1 Argillasepic Plasmic Fabric 

The argillasepic plasmic fabric as defined in chapter 3 is present whenever plasma 

consists of predominantly clay-sized material and there is no visible birefringence. This is the 

first type of fabric to be analysed. If an argillasepic plasmic fabric is found then no other type 

of fabric can be present, nullifying the need for anymore identification. 

In image analysis the area of diagnostics is restricted to the coverage area of each 

image analysed. It is therefore the lack of plasma separations within the coverage which is 

diagnostic of asepic conditions. As explained in the "diagnostics"chapter(3), the margin of 

error allows for very low frequency of anisotropism (<2%) to be present while the asepic 

condition is confirmed. 

The information necessary to identify the argillasepic plasmic fabric can be found in 

Appendix 2.1 and 2.2. If the total clay content exceeds the total silt content within the sample 

coverage (2.2) and there is no birefringent plasma anisotropism detected (2.1) then the plasmic 

fabric must be described as argillasepic. 

As mentioned in chapter 4, each unit within a thin section should be analysed 

separately. A unit could be an individual lamination, clay ball, silt lense or any other visually 

distinct sedimentary entity. This means that each image analysed should be restricted to that 

particular unit, otherwise argillasepic conditions within one unit may nullify the presence of 

birefringence in others or vice-versa. 

6.5.2 Silasepic Plasmic Fabric 

The logical next step in the analysis is the identification of the silasepic plasmic fabric. 

The silasepic plasmic fabric only differs from the argillasepic plasmic fabric in that the 

coverage area texture, or more specifically its matrix component, shows a prevalence of silt 

over clay as the main plasma component. In every other respect the two types of plasmic fabric 

are identical. Even more specifically, the lack of plasma separation makes the two types of 

fabric identical in appearance. In terms of quantitative analysis and identification the silasepic 

plasmic fabric can be positively identified whenever the value of birefringent plasma 

anisotropism value in Appendix 2.1 equals to 2% or less and a predominance of silt over clay 

is confirmed by the table in Appendix 2.2. 
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6.5.3 Vosepic Plasmic Fabric 

The vosepic plasmic fabric is the first of the sepic plasmic fabrics to be analysed. The 

image analysis procedure described in this thesis produces a series of results related to the 

vosepic plasmic fabric. Besides the quantitative data available there is also an image showing 

the domains identified as vosepic. If necessary the image may also include the voids to better 

illustrate the relationship. The procedure itself is only capable of suggesting which of the 

domains belong to the vosepic set. There is still a need for user input and it has been worked 

into the methodology. However, once the corrections arc made the set of domains contained 

in the vosepic image file can be considered very accurate and any domains included should be 

treated as vosepic in nature. 

If the percentage of the plasma separations belonging to the vosepic plasmic fabric is 

significant enough (suggested critical value of at least 40 % - Appendix 2.1) then the coverage 

may be described as at least partly vosepic. 

The future developments of this procedure should include the reduction or outright 

elimination of the user input. This would result in more unbiased and faster analysis. 

6.5.4 Skelsepic Plasmic Fabric 

The skelsepic plasmic fabric differs little from the vosepic plasmic fabric in the context 

of this thesis. In all respects the description and identification of the fabric is identical to that 

of vosepic plasmic fabric. In terms of diagnostics the skeleton grains replace the voids as 

crucial identification criteria. The interpretation of skelsepic fabric is also dependent on its 

prevalence in any given coverage. To establish the level of importance it is useful to compare 

not just the percentage of the overall domains which belong to the skelsepic subset but also the 

ratio of potential skelsepic fabric sites to those actually present. This is why the procedure also 

provides the ratio values for both vosepic and skelsepic fabrics. Obviously, where the ratios 

arc very low these fabrics are probably not as significant as where the ratios are high. This is 

especially important where the vosepic/skelsepic pattern around their respective cores is 

fragmented resulting in potential ratios of more than 1. It should also be pointed out that the 

ratio values are not calculated using all of the pores and skeleton grains but rather the limited 

set used to identify these fabric in the procedure. For skelsepic plasmic fabric this is sand sized 

material only. For vosepic only the large voids were used. As was the case for vosepic plasmic 

fabric, skelsepic domains should exceed 40 % of all the domains for the fabric to be described 

as skelsepic (Appendix 2.1). 
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6.5.5 Mas epic Plasmic Fabric 

Masepic plasmic fabric is a very difficult pattern to identify. According to the 

diagnostic definition presented in chapter 3 it is a continuous or a discontinuous zone of 

birefringence showing a uniform orientation. If this unit is fairly continuous then it is likely 

that the shape of the overall pattern will not qualify for orientation measurement. If the plasma 

separations arc smaller then there is a fairly high likelihood of success. The future development 

of the program should include some procedure for identifying the basic orientation direction. 

In that case the shape of the domain may not be as significant. 

If a situation occurs where there is a large number of orientated domains of similar 

orientation direction then the identification routine should identify the plasmic fabric as 

masepic. The routine should always exclude the skelsepic/vosepic domains from the 

calculation of the percentage of orientated domains. Skelsepic and voscpic plasmic fabric 

domains can coexist within the same coverage or sedimentary unit. Similarly, they can coexist 

with other forms of plasmic fabric. It is therefore only the domains not belonging to those two 

types that should be analysed for orientation. Of these, a sufficiently high percentage of 

domains should be suitably well defined for orientation measurements. The practicality of the 

analysis requires a realistic value for this minimum criteria. For this thesis the critical percent 

should be about 15 %. Although this value appears low it is has to be noted that represents 

those domains of selected shape and size. The remainder of the domains may conform to the 

appearance orientation uniformity without qualifying for measurements. An example would 

be a string of aligned domains of which only one or two are large enough to be considered. The 

other domains give the impression of similar orientation by their position in the line. On their 

own however, they should not be quantitatively analysed. This allows a smaller number of 

larger domains to be used as representative of the total domain set. If the critical value of 15% 

is observed, the domains can then be analysed further to indicate which one of the oriented 

plasmic fabric patterns is present. Through direct observation, rose diagram examinations and 

spreadsheet analysis it was observed that predominant direction of orientation can be identified 

automatically when a certain critical percentage of orientation measurements fit within 

predefined class intervals. It is suggested that the orientation values be evaluated on three 

different levels: 30°, 20°, and 10° class intervals. Class frequencies should be calculated for 

each 5" class centre. Assuming that each of the above orientation class intervals has an 

expected frequency (16.7%, 11.1% and 5.6% respectively) it is enough to consider those class 

centres for which the frequency exceeded the expected values. It was found that critical 

frequency values indicating a predominant orientation direction are 25, 20 and 15% 

respectively. The values are based on visual analysis only but were found to be effective in a 

practical application (Testing and Results). Class interval frequency is evaluated in order from 

155 



30" to 10" and only the class centre is considered as the preferred orientation direction. For a 

masepic plasmic fabric only one predominant centre should be found. 

6.5.6 Bimasepic/Trimasepic Plasmic Fabric 

This type of plasmic fabric is a variation of the masepic concept. The automated 

recognition of this type of pattern is dependent on the presence of two or more distinct 

dominant orientation direction. Whether automated recognition of this type of plasmic fabric 

can be achieved is debatable. What is certain is that the procedure used in this thesis allows 

for a fairly accurate quantitative analysis. There is a fundamental problem plaguing automated 

recognition of this fabric and that is the commonality of the plasma separation overlap in two 

distinct directions. Any time a scries of orientated domains show two or more distinct angles 

of orientation there is a distinct chance that some domains will intersect. The multifaceted 

appearance of the fabric may be the result of several co-present stress fields acting on the 

plasma in different directions. The pattern may also be caused by varying degrees of shear 

strength or sediment deformation. In practice individual domains may blend together, or be 

partially redirected/stretched in a different direction, to create some form of cruciform or t-

shaped pattern. 

The complex shapes can not be included in the orientation study. Their shape defies 

identification of the longest axis. This is the reason why all of the domains shaped in such a 

manner are not included in the orientation analysis subroutine. The diagnostic criteria used to 

identify a masepic pattern are specified in the previous section as well as in chapter 3. The 

presence of ambiguous domains such as those described may result in an insufficient number 

of orientated domains (<15%). The conclusions of the automated identification would be 

spurious. 

If the number of acceptable domains exceeds the critical 15% value then the 

identification process may proceed. There remains an additional problem. Unlike the masepic 

plasmic fabric, for bimasepic and trimasepic fabrics two or three dominant directions can be 

present within the coverage. This means that in order for further analysis to occur it may be 

necessary to identify not just a single overall mean orientation but two or three primary 

orientation values. But how many and when? Without prior knowledge this task appears 

impossible if attempted automatically. That is, if the plasmic fabric is not identified as masepic 

then it may at best be identified as multiscpic. 

However, using the same means as those shown in masepic plasmic fabric recognition, 

it may be possible to detect more than one dominant direction. Once a single dominant 

direction is identified the remaining class intervals should investigated further to sec if they 
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may not contain frequencies higher than the critical. Any additional dominant orientation 

values must of course fall outside of the range of class intervals previously identified as 

dominant. For example, if using 30° interval a frequency it is found that there is a dominant 

direction at 90° then naturally any other class centred between 105° and 75° degrees should be 

considered as part of the original 90" orientation and not a second direction. 

6.5.7 Lattisepic Plasmic Fabric 

This type of plasmic fabric is really a specific type of bimasepic fabric. Its 

identification can therefore be closely linked to the way in which the uniformly oriented fabrics 

are identified. It is a matter of measuring the angle of deviation between two dominant 

directions of any plasmic fabric pattern identified as bimasepic. If the difference between the 

two angles appears close to the right angle (80° to 100° for example) then the plasmic fabric 

can be described as lattisepic. 

6.5.8 Omnisepic Plasmic Fabric 

The omnisepic plasmic fabric is again a variant of the previous orientated plasmic 

fabrics. Again diagnostic emphasis is placed on frequency and uniformity of orientation. In this 

case, the positive identification of this type of plasmic fabric is based on a large percentage of 

domains showing preferred orientation (a value set at 15 %) but lacking any strong orientation 

trends. Ultimately any rose diagram of this type of plasmic fabric should show an all around 

distribution but no obvious axis of orientation. 

In practical terms applicable to this thesis, the identification routine should default to 

omnisepic plasmic fabric if none of the previous patterns are detected. In practice a new default 

fabric pattern (multisepic) is used. This is because omnisepic fabric should show similar 

orientation frequency in all directions. Any orientation value distribution showing frequency 

much lower than the expected would imply that not 'all ' the directions are present. This 

excludes the possibility of an omnisepic pattern and presents a situation where many (but not 

all) preferred directions are present. This type of fabric may be referred to as multisepic. It is 

the default form of oriented plasmic fabrics when none of the diagnostic conditions defined 

in chapter 3 are satisfied for the other types. 
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6.5.9 (Jnis trial P/as mie Fabric 

This type of plasmic fabric can be identified fairly reliably using shape characteristics. 

Since the unistrial fabric generally appears as very thin wisps of plasma separation its 

definition should be based on the length to width ratio of any tested domain. No value was 

specified in the diagnostics chapter but experience shows that most unistrial domains maintain 

a minimum ratio of 20:1 for length to width. 

There are several complications associated with automated recognition of this type of 

fabric. First of all, short and straight strands of plasma separations, such as those found in 

masepic fabrics, may also fulfill the criteria for unistrial plasmic fabric. They would therefore 

belong to both types. Longer, more convoluted domains will often not qualify for orientation 

measurements and will therefore only be considered as unistrial. This causes a dilemma with 

the order of identification. The duality of certain plasma separations makes exclusive fabric 

differentiation between unistrial and masepic, bimasepic or omnisepic, unnecessary. In effect, 

a domain can belong to a masepic plasmic fabric pattern while being more specifically 

described as unistrial. In this way the existence of many unistrial domains will not act as a 

detriment to identifying the other masepic fabric types. 

Another complication, specifically applying to this particular method, rests in the fact 

that not all image analysis programs provide the data necessary for the calculation of 

lcnght:width ratios. As is the case with the procedure designed for this thesis, a different shape 

criterion may have to be selected in order to select domains of sufficient elongation. The 

criteria selected combined the qualities of perimeter and longest axis. Grain shape index (GSI) 

is a ratio of an objects perimeter length to that of its longest axis. GSI value for a straight line 

is equal to 2. For a unistrial plasmic fabric domain the critical value selected was 2.1. 

Subsequently, any domain shape with a GSI value between 2 and 2.1 should be classified as 

unistrial. The 20:1 ratio is a fairly arbitrary value at this stage and as such it may change in the 

future. For more detail on the subject of Grain Shape Index please see section 5.6.2. Appendix 

2.1 indicates the number of unistrial domains identified. Any number of identified domains is 

significant and must be reported in the description. 

6.5.10 Kinking Plasmic Fabric 

At this point in the methodology development it appears that this form of plasmic fabric 

can not be identified automatically. The problem can be related to the definition of the fabric 

as shown in chapter 3. The crucial problem occurs when trying to delineate the area of kinking 

plasmic fabric domains. In cross polarized light the appearance of the fabric may vary from 
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a series of parallel bands of very high birefringence interspersed with black bands of no 

birefringence, to a series of parallel bands of intermediate level of birefringence. Under 

circularly polarised light the same domain will maintain the same shape as before but the 

banded zones within will no longer be visible. In visual studies of thin sections the 

identification of this type of fabric is achieved through cross-polarised illumination and stage 

rotation in order to observe extinction and accompanying shape changes within each domain. 

The same procedure can only be simulated with the use of a large number of images of each 

kinking plasmic fabric domain. Simply put, if we know which domains are those of kinking 

plasmic fabric then to measure them we must collect a series of differently orientated 

coverages showing the domain in question. Obviously the very same approach used on a whole 

set of unidentified domains would result in a magnitude increase in the time required to 

analyse individual coverages. This additional time can be used much more effectively on 

additional routines and visual analysis. There seems little reason for automated analysis of the 

kinking plasmic fabric. It is a fairly rare type of plasmic fabric and one that is much more 

suitable for visual analysis. If necessary, identified kinking plasmic fabric domains can still 

be analysed using the procedure described. Their identification however must be attempted 

prior to the analysis. 

6.5.11 Insepic Plasmic Fabric 

Insepic plasmic fabric appears to be fairly difficult to quantify. It is mostly due to the 

fact that its quantitative definition, as described in chapter 3, defines the fabric more by what 

it is not. Simply put, when the rest of the domains have been identified as belonging to the 

other types of plasmic fabric what remains may then be considered as insepic plasmic fabric, 

provided it fulfills a modicum of requirements. To be classified as the insepic plasmic fabric 

a coverage must show a predominance of small, unoriented, plasma separations. These 

separations should not be patterned in any way similar to the other types of plasmic fabric. Due 

to the nature of the definition it is best left to the last. Once all the earlier domains have been 

identified the percent of domains left unidentified will be classified as insepic or mosepic (see 

next section). 

6.5.12 Mosepic Plasmic Fabric 

The last plasmic fabric pattern to be looked at is the mosepic plasmic fabric. This 

pattern of plasma orientation is similar to insepic plasmic fabric but the domains involved are 
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generally larger. Their diameter, as specified in chapter 3, should be at least 20 urn in length. 

An alternate way of expressing the minimum size would be through minimum area. In this case 

any domain larger than 314 urn2 should be considered. 

If automated identification is to be looked at in the future, this type of fabric should be 

last to be considered. If a significant percentage of the domains remains unidentified after the 

previous series of steps then it is likely that either a mosepic or insepic plasmic fabric arc 

present. The decision should be based on the predominant size/area of the remaining domains. 

This dominance should be expressed as a percentage of the total area of the unclassified 

domains. Even though this results in a bias towards the mosepic fabric, larger domains do not 

have to be nearly as frequent to have the same combined area, this is the only way to account 

for the possible contact between many mosepic domains. This contact is allowed by the 

definition of mosepic fabrics. It complicates things since many individual domains may in fact 

be identified as a single domain of nondescript shape. In such a case, the many insepic 

domains, even though visually less dominant, would no doubt result in a higher overall percent 

of total domains and therefore an incorrect identification results. 

Since appearance of dominance is one of the qualities of birefringence which is 

generally used to describe quantities of plasmic fabric in most studies, the quantitative value 

used to represent this quality must be based on the general magnitude of the birefringence. The 

best way to express this value is through the area measurement and the overall size of all of 

the domains in certain classes. 
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