


The general form of this plot is very similar to the smaller sections (Figure 7) of
the Appalachian Plateau Province. Three of the 4 sections show the same trend of
decreasing D with increasing step length (401, 402, 403). The fourth segment reveals just
one linear portion in the fine scales (404). The D range of the fine scales is 1.09-1.13 and

the range of the coarse scales is 1.03-1.20.

Figure 7. Subdivisions of the Appalachian Plateau Province.
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The Valley and Ridge Province
There is only one linear segment on the Richardson plot of the Valley and Ridge
Province (Figure 8). This D value (1.09) is found in the fine scales. This province has no

subdivisions for comparison.

LAURENTIDE ICE SHEET -- VALLEY AND RIDGE {104)

R e \ e e "

g2
E’ y =-0.0947x +2.3973
=
(L)
=
['%}
—
g 23
2
=
= 228 A
i K
© N,
S
2 922% Jr____,_ A
0\‘“
22 AY——Q
2.22 —
22 . , .
05 0 05 1 15 2 25

LOG STEP LENGTH (KM)

Figure 8. Richardson plot of the Laurentide Ice Sheet glacial maximum within the Valley and Ridge
Province.
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The Piedmont Province

The Piedmont Province (Figure 9) only has one fractal dimension (1.04) that lies

in the fine scales. There are no subdivisions of this province.
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Figure 9. Richardson plot of the Laurentide Ice Sheet glacial maximum within the Piedmont
Province.
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Discussion

All segments of the Wisconsinan Maximum Glacial Advance Boundary show
evidence of fractal character. Richardson plots display at least one area of linear tendency
in the trace of each boundary segment. The vast majority of the plots possess D values in
fine and coarse scales. This discussion will focus on several points: scale and step length
range, D value range, comparison of subdivisions to the larger whole segment and
comparison between provinces. Please refer to Appendix 2 for all Richardson plot data.

The comparison éf step length ranges will reveal information regarding a shared
process in the formation of the geometries of these boundary segments. Similar ranges of
fractal character may indicate that an active scale-specific control is responsible the
shaping of the boundary segments where this trend is present. This scale-specific control
could be things such as: drainage patterns, ice dynamics of the glacier or local geologic
landforms (geomorphology).

~ The actual D values are a means of comparison for the amount of wandering or

wiggliness that a trace exhibits. This will lead to further possibilities for comparison of
individual areas of fractal character. The comparison of the subdivisions will show how
the sections represent the character and form of the original whole province. This is
important to do because no similar previous work has been done in this field to allow for

comparison.
Whole Province Sections

The Richardson plots of the Whole Province Sections are quite different in

appearance and statistical output. Four of the boundary segments were found to have
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fractal character in the finer scales and only 3 displayed fractal character in the coarse
scales. The fine scale fractal character found within the Central Lowlands Province has
been placed on a quasi-linear series of points. This line is not perfectly straight and does
exhibit some level of curvature. Though this piece of data is interesting and important to
note for comparisons of general degrees of boundary trace wandering between provinces;
it may not be as significant as other fractal dimensions. This is important to note in future
references.

The limited number of coarse scale values may be attributed to the short length of
some of the segments (i.e. the Valley and Ridge and the Piedmont Provinces). Segments
that are shorter in length will have a smaller range of step lengths that were used to
measure the line. Therefore, these segments will lack data for the larger steps. The
definition of the range of the scales is based on resolution of the map and is not
proportional to the length of the segment in question. When data is not available for
larger step lengths there can be no coarse scale fractal character. With this in mind, it can
be noted that the range of the fine scale fractal dimension is significantly limited while
the coarse scale range can be vast depending on the overall length of the line in question.

The range of the D values from these segments is quite wide. The fine scales
include D values of 1.04-1.13. The coarse scale range is even larger with values of 1.07-
1.32.

The Central Lowlands Province (Figure 4) displays an opposite form from that of
the Appalachian Plateau Province (Figure 6). The Central Lowlands plot has
heterogeneous wandering as it shows two cases of self-similar character, one in the fine

and coarse scales. The Appalachian Plateau has a similar pattern. However, the Lowlands
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has less wandering at fine scales and more wandering at coarse scales. The Plateau
section has greater wandering in the fine scales than the coarse scales.

There are 1inéar segments that appear in the finer scales of several of these plots.
However, this data might be contaminated by false smoothing of the boundary do to poor
resolution of the maps from which the data was gathered. These segments have thus been
omitted from this study.

Figure 10 shows the relationship of D values with the range of step lengths over
which these values exist. Note that 4 of the 5 provinces have fine scale fractal dimensions
that nearly span the same step lengths. This points out that there are small scale fractal
features on these line segments that have similar size. However, the actual D values for
these sections vary widely. The higher fractal dimensions imply higher degrees of
wandering. This means that the small scale features that these segments have in common
are of different form. From Figure 10, it is also apparent that the three coarse scale fractal

dimensions are not very similar in range or value.
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FRACTAL DIMENSION VS. SCALE RANGES OF WHOLE PROVINCE SECTIONS
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Figure 10. This figure shows the scale ranges for which D values were calculated for each province
dataset.

The Great Plains Sections

Most of the 11 plots from the Great Plains Province show comparable form with
that of the original segment; this being a general concave down shape. Some of the plots
appear sigmoidal. Plots such as 204 (Figure 11A) and 206 (Figure 11B) appear very
similar the Great Plains plot (Figure 2). Plots such as 205 and 206 even have similar D
values in the coarse scales. The ranges of step lengths between the original and the
subdivisions are quite different.

This difference comes down to a matter of relative segment length. The maximum
length of the Great Plains segment, as calculated by the divider analysis is approximately
2375 km, while the maximum length of section 206 is approximately 213 km. This is a

difference of an order of magnitude. Therefore, the divider analysis will be able to use far
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larger step lengths when performing the calculations. In doing so there will be a greater
possibility of finding fractal character in scales that can not be found on the plot of a

subsection.
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Figures 11 A and B. Plots of sections 204 and 206 from the Great Plains Province. Note the similarity
with plot 101 (Figure 2).

The ranges of the D values from the Great Plains sections are greater than the
ranges of any other province; 1.01-1.17 in the fine scales and 1.05-1.24 in the coarse. The
average of each scale was 1.10 and 1.14 respectively. Therefore, on average, fractal
dimensions increase with step length. Fractal character is also more prominent in the
coarse scales than in the finer scales. This may be indicative of some large scale feature
or process that is causing self-similarity. Figure 12 shows that there is no apparent
correlation of these coarse scale fractal dimensions, in step length range or D value.
Figure 12 also shows a clustering of fractal character in the 0.80 to 1.60 (approximately
5-40 km) step lengths. Overall, these subdivisions moderately accurately represent the

form and character of the larger whole province section.
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FRACTAL DIMENSION VS. SCALE RANGES OF GREAT PLAINS SECTIONS
= = B == - = =3
1147
1.09
112
1.14
S B S B E=
l 1.24 202
S L = 203
1 21 —a--204
[ = - o - - i ‘ms
101 1.1 o 206
— " [ . —a .7
1.00 L —=—208
—— 209
1.17 210
21
113 ———
1.05
AN S NN N N N R —
0.4 0.6 08 1 12 14 18 18 2
LOG STEP LENGTH (KM)

Figure 12. This figure shows the scale ranges for which D values were calculated for each subdivision
of the Great Plains Province.

The Central Lowlands Sections

The vast majority of the sections from the Central Lowlands do not show a form
similar to the original whole province segment. The original plot (Figure 4) displays two
areas of fractal character with increased wandering in the coarse scales. This trend is only
seen in one subsection (301). Fourteen of the seventeen sections in the Central Lowlands
have plots that show one area of linearity. Ten of these sections have fractal character that
crosses fine and coarse scales. This bridging of fine and coarse scales represents
homogeneous fractal character within the plots. These sections exhibit a great range of
step length as can be seen in Figure 13. This figure also makes evident a general lack of
uniformity or pattern in regards to a relationship between the step length scale and D

value. There is a grouping or tight packing of fractal character areas between the plots;
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however, the range of step lengths of the grouping is quite large. There is no neat

organization such as in Figure 10.

FRACTAL DIMENSION VS. SCALE RANGES OF CENTRAL LOWLANDS SECTIONS
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Figure 13. This figure shows the scale ranges for which D values were calculated for each
subdivision of the Central Lowlands Province.

Two sections from the Central Lowlands Province show an opposite trend from
that of the original whole province plot. Plots 307 (Figure 14A) and 313 (Figure 14B)
show two separate sections that possess greater wandering at coarser scales. The ranges
of D values are smaller in this province. Fine scale values run from 1.03-1.13 and coarse
scale values go from 1.01-1.12. The averages of these two scales were also very close,
1.07 and 1.06 respectively. All the plots from this segment do display significant fractal

character but are not very representative of the greater whole of the province.
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Figures 14 A and B. Plots of sections 307 and 313 from the Central Lowlands Province. Note the
difference from plot 102 (Figure 4).

The Appalachian Plateau Sections

All four of the subsection plots of the Appalachian Plateau Province show similar
form to that of the original province segment. They show a general concave up form and
all but one show two areas of linearity. The fourth pot (404) has only one area of fractal
character in the fine scale. A linear segment in the coarse scales may be seen but for
reasons previously discussed it is not considered in this study. Section 403 (Figure 15)
shows nearly identical form and D values as section 103 (Figure 6). The only large
difference is the range of step lengths at which the D values occur, which is again an
issue with the overall relative lengths of the sections. It would be expected that the ranges
of D values would be lower than other provinces due to the fewer amount of sections.
This is true for the fine scales which have a range of 1.09-1.13. However, the range of the
coarse scales is quite larger: 1.03-1.20. The averages are very similar with 1.11 for the
fine and 1.10 for the coarse scale. The subsections of the Appalachian Plateau Province
seem to better represent the larger province boundary, from which it was derived, than

any other subdivisions.
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Figure 15. Plot of section 403 from the Appalachian Plateau Province.
Note the similarity from plot 103 (Figure 6).

By looking at Figure 16 one can easily see that there is a nice alignment of the
fractal character segments. This denotes similar step lengths at which the fractal
dimensions are exhibited. This trend can be seen in the finer and coarser scales. This is a
very interesting quality that may allude to a scale-specific process acting on these
boundaries that has controlled their geometries. There may be two separate processes that
are active in these areas (one at fine and coarse scales) or it can be one process that can

affect the shape of the boundary at smaller and larger scales.
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Figure 16. This figure shows the scale ranges for which D values were calculated for each subdivision

of the Appalachian Plateau Province.
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Conclusions

We have shown that glacial boundaries do express fractal character. Each of the
province-delimited segments and subsequent divisions is characterized by at least one D
value. Some plots showed two areas of linearity while others only exhibited one. These
linear segments were found at fine (3-10 km) and coarse scales (10-1000 km); and some
cases crossed both scales. The D range at coarse scales is 1.01-1.17 and the range at
coarse scales is 1.01-1.32.

When comparing sections from differing provinces a few conclusions can be
drawn. No province shows D values that are specifically unique unto itself. The highest D
value is (1.32) located in the coarse scale of the Central Lowlands Province (whole
province segment). However, the highest value of any subsection of this province is only
1.20. The Great Plains Province subsections have a high D of 1.24. This does not show
evidence that high fractal dimensions are associated with any one province. Very low D
values (1.01-1.04) are also found in all provinces (except for the Valley and Ridge
province which only has one fractal dimension).

The averages of the D values found in the Great Plains sections (1.10 in the fine
scales and 1.14 in the coarse scales) are larger than that of the average of all sections
(1.08 in the fine scales and 1.11 in coarse scales). Conversely, the averages of the D
values of the Central Lowlands sections are below the overall average with values of 1.07
in the fine scales and 1.06 in the coarse scales.

The two provinces that were not split into subsegments, the Valley and Ridge and
Piedmont Provinces, show only one fractal dimension in the fine scales; 1.09 and 1.04

respectively. These values fit nicely into the overall range of D values at this scale.
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However, the D value of the Valley and Ridge Province (1.09) is higher than the overall
average and the Piedmont Province D value (1.04) is lower than the average.

There does not seem to be any trend in the data associated with an increase in
topographic relief of the terrain within the provinces. There is also no set range of step
length of D values that exists in all province sections that would prove the existence of
one universal active scale-specific mechanism was involved in the formation of the
geometries of these boundaries.

The data from the Appalachian Plateau Province is of significant interest. The plot
form of this section displays two areas of fractal character. However, unlike most other
segments this plot shows less wandering the coarse scales. The subsections of this
province showed excellent correlation with that of the larger whole segment. These
smaller sections also showed similar range of step lengths at which fractal character was
observed. This data could represent the workings of a scale-specific mechanism on these
boundary segments, which was the ultimate goal of this project. Further work in this area

would be well warranted.
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APPENDIX 2A  WHOLE PROVINCE SECTIONS [101-105]
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APPENDIX 2B GREAT PLAINS SECTIONS [201-206]
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APPENDIX 2B GREAT PLAINS SECTIONS CONTINUED [207-211]
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APPENDIX 2B CENTRAL LOWLANDS SECTIONS [301-306]

LAURENTIDE ICE SHEET — CENTRAL LOWLANDS 1 (301)

238 — — — — _

LOG EST. TRACE LENGTH (KM)

0.5 0 05 ' 15 2 26
LOG STEP LENGTH (M)

LAURENTIDE ICE SHEET — CENTRAL LOWLANDS 3 (303)

'R
—
|

~
R

LOG EST. TRACE LENGTH (KM)

~
B

05 [ 05 1 15 2 25
LOG STEP LENGTH (KM)

LAURENTIDE ICE SHEET — CENTRAL LOWLANDS § (305)

238 — - —

~
8

LOG EST. TRACE LENGTH (KM)
»
b

~
8

224 - — = — '
05 0 05 1 15 2 25

LAURENTIDE ICE SHEET — CENTRAL LOWLANDS 2 (302)

|

:
[

§

LOG EST. TRACE LENGTH (KM)
N
@

N
b3

224

22

22—

05 1 15 2 25
LOG STEP LENGTH (KM)

LAURENTIDE ICE SHEET — CENTRAL LOWLANDS 4 (304)

238

2.38

234

B 8 B

o
8

LOG EST. TRACE LENGTH (KM)

22 b

05

06 1 15 2 25
LOG STEP LENGTH (KM)

LAURENTIDE ICE SHEET — CENTRAL LOWLANDS 8 (308}

223

227

»
8

§

»
8

LOG EST. TRACE LENTH (KM}
N
®

R

22t

219 4
05

05 1 15 2 25
LOG STEP LENGTH (KM)



LOG EST. TRACE LENGTH {KM)

LOG EST. TRACE LENGTH {KM)

APPENDIX 2B CENTRAL LOWLANDS SECTIONS CONTINUED [307-312]
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APPENDIX 2B CENTRAL LOWLANDS SECTIONS CONTINUED [313-317]
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APPENDIX 2C APPALACHIAN PLATEAU SECTIONS [401-404]
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APPENDIX 3A

STATISTICS OF WHOLE PROVINCE SECTIONS
RANGE (D) NUMBER OF SECTIONS
PROVINCE FINE (D} COARSE (D) INCLUDED IN RANGE
GREAT PLAINS 1.21 FINE 1.04-1.13 4
CENTRAL LOWLANDS 1.07 1.32 COARSE 1.07-1.32 3
APPALACHIAN PLATEAU 1.13 1.07
VALLEY AND RIDGE 1.08 AVERAGE (D) NUMBER OF SECTIONS
PIEDMONT 1.04 INCLUDED IN AVERAGE
FINE 1.08 4
COARSE 1.20 3
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APPENDIX 3B |

STATISTICS OF GREAT PLAINS SECTIONS

SECTION NUMBER  FINE (D) |COARSE (D) 'RANGE ) NUMBER OF SECTIONS
201 117 1.17 INCLUDED IN RANGE
202 1.09 FINE 1.01-1.17 6
203 1.12 COARSE 1.05-1.24 10
204 1.14
205 1.24 AVERAGE (D) NUMBER OF SECTIONS
206 1.24 INCLUDED IN AVERAGE
207 1.01 1.11 FINE 1.10 6
208 1.09 1.09 COARSE 1.14 10
209 1.17 117
210 1.13
211 1.05 1.05
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APPENDIX 3C

STATISTICS OF CENTRAL LOWLANDS SECTIONS

SECTION NUMBER FINE (D) COARSE (D) RANGE (0) NUMBER OF SECTIONS
301 1.03 1.11 INCLUDED IN RANGE
302 1.08 1.09 FINE 1.03-1.13 15
303 1.06 1.06 COARSE 1.01-1.12 15
304 1.07 1.07
305 1.03 1.03 AVERAGE (D) NUMBER OF SECTIONS
308 1.05 1.05 INCLUDED IN AVERAGE
307 1.07 1.02 FINE 1.07 15
308 1.08 1.08 COARSE 1.06 15
309 1.08 1.06
310 1.07
311 1.01
312 1.08 1.08
313 1.08 1.06
314 113
315 1.05 1.06
318 1.12
317 1.07 1.07
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APPENDIX 3D

|

STATISTICS OF APPALACHIAN PLATEAU SECTIONS

SECTION NUMBER FINE (D) COARSE (D} RANGE (D) NUMBER OF SECTIONS
401 1.11 1.10 INCLUDED IN RANGE
402 1.09 1.03 FINE 1.09-1.13 3
403 1.13 1.08 COARSE 1.03-1.20 4
404 1.20
AVERAGE {D} NUMBER OF SECTIONS
INCLUDED IN AVERAGE
FINE 1.11 3
COARSE 1.10 4
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